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Introduction: Self-regulation has been implicated in health risk behaviors and is a

target of many health behavior interventions. Despite most prior research focusing

on self-regulation as an individual-level trait, we hypothesize that self-regulation is

a time-varying mechanism of health and risk behavior that may be influenced by

momentary contexts to a substantial degree. Because most health behaviors (e.g.,

eating, drinking, smoking) occur in the context of everyday activities, digital technologies

may help us better understand and influence these behaviors in real time. Using a

momentary self-regulation measure, the current study (which was part of a larger

multi-year research project on the science of behavior change) used ecological

momentary assessment (EMA) to assess if self-regulation can be engaged and

manipulated on a momentary basis in naturalistic, non-laboratory settings.

Methods: This one-arm, open-label exploratory study prospectively collected

momentary data for 14 days from 104 participants who smoked regularly and 81

participants who were overweight and had binge-eating disorder. Four times per

day, participants were queried about momentary self-regulation, emotional state, and

social and environmental context; recent smoking and exposure to smoking cues

(smoking sample only); and recent eating, binge eating, and exposure to binge-eating
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cues (binge-eating sample only). This study used a novel, momentary self-regulation

measure comprised of four subscales: momentary perseverance, momentary sensation

seeking, momentary self-judgment, and momentary mindfulness. Participants were also

instructed to engage with Laddr, a mobile application that provides evidence-based

health behavior change tools via an integrated platform. The association between

momentary context and momentary self-regulation was explored via mixed-effects

models. Exploratory assessments of whether recent Laddr use (defined as use within

12 h of momentary responses) modified the association between momentary context

and momentary self-regulation were performed via mixed-effects models.

Results: Participants (mean age 35.2; 78% female) in the smoking and binge-eating

samples contributed a total of 3,233 and 3,481 momentary questionnaires, respectively.

Momentary self-regulation subscales were associated with several momentary contexts,

in the combined as well as smoking and binge-eating samples. For example, in the

combined sample momentary perseverance was associated with location, positively

associated with positive affect, and negatively associated with negative affect, stress, and

tiredness. In the smoking sample, momentary perseverance was positively associated

with momentary difficulty in accessing cigarettes, caffeine intake, and momentary

restraint in smoking, and negatively associated with temptation and urge to smoke.

In the binge-eating sample, momentary perseverance was positively associated with

difficulty in accessing food and restraint in eating, and negatively associated with urge

to binge eat. While recent Laddr use was not associated directly with momentary

self-regulation subscales, it did modify several of the contextual associations, including

challenging contexts.

Conclusions: Overall, this study provides preliminary evidence that momentary

self-regulation may vary in response to differing momentary contexts in samples from

two exemplar populations with risk behaviors. In addition, the Laddr application may

modify some of these relationships. These findings demonstrate the possibility of

measuring momentary self-regulation in a trans-diagnostic way and assessing the effects

of momentary, mobile interventions in context. Health behavior change interventions may

consider measuring and targeting momentary self-regulation in addition to trait-level

self-regulation to better understand and improve health risk behaviors. This work will

be used to inform a later stage of research focused on assessing the transdiagnostic

mediating effect of momentary self-regulation on medical regimen adherence and

health outcomes.

Clinical Trial Registration: ClinicalTrials.gov, Identifier: NCT03352713.

Keywords: momentary self-regulation, ecological momentary assessment (EMA), smoking, binge-eating disorder,

overweight, obesity, behavioral health, digital health

INTRODUCTION

Self-regulation refers to a person’s ability to manage cognitive,
motivational, and emotional resources to act in accordance with
their long-term goals (1). Self-regulation has been implicated in
many health risk behaviors, such as poor diet, physical inactivity,
gambling, and use of tobacco and other substance use (2–6).
Modifying self-regulation has therefore been a target of many
health behavior interventions (7, 8). The literature investigating
the role of self-regulation in health risk behaviors, and the

interventions targeting self-regulation, have typically focused at
the individual trait level, rather than viewing it as a process that
may vary moment to moment within an individual in response
to contextual situations and external and internal stimuli (9).
While a limited number of studies have evaluated self regulation
on a momentary level (10), these studies have not employed
a momentary self-regulation scale and review of the literature
has identified the need for further research at the moment
level to understand self regulation as a mechanism of behavior
change (11).
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We hypothesize that although individuals may vary in their
mean level of self-regulation, momentary contexts may influence
(increase or decrease) self-regulation to a substantial degree,
making self-regulation a time-varying construct. This hypothesis
is part of a broader framework examining self-regulation as
a putative target of behavior change interventions. Roos and
Witkiewitz (9), developed a framework of self-regulation in
which an individual’s self-regulation is a mechanism of behavior
change, and is considered both as an individual trait, and as a
time-varying construct which is influenced by both internal and
external factors. The hypothesis that self-regulation varies in the
moment and in response to internal and external contexts is
also consistent with Gross’ extended process model of emotion
regulation (12), and other applied research on emotion regulation
(13–15). If true, explorations of the role of self-regulation,
and interventions focused on modifying self-regulation, should
consider (and measure) momentary variation in self-regulation
in addition to trait-level self-regulation.

Advances in digital technologies have created unprecedented
opportunities to assess and modify self-regulation and health
behavior on a moment-by-moment basis (16, 17). Because most
health behaviors (e.g., eating, drinking, and smoking) occur in
the context of everyday activities, digital technologiesmay help us
better understand and influence these behaviors in real time (18).
For example, mobile technologies enable ecological momentary
assessment (EMA), a methodology that prompts individuals to
respond to specific queries on mobile devices (19). EMA enables
real-time monitoring of individuals’ behavior while they engage
in everyday activities over time (20). The frequent, longitudinal
assessment afforded by EMA in naturalistic contexts may clarify
the roles of mechanisms, or reveal new mechanisms, in changing
self-regulatory behavior.

The current study used EMA to assess the time-varying nature
of self-regulation and examine whether self-regulation changes—
increases and decreases—on a momentary basis in naturalistic,
non-laboratory settings. This study offers the opportunity to
test hypotheses regarding self-regulation’s time-varying nature
while using a scale of momentary self-regulation. This work is
part of a broader exploration of the ontology of self-regulation
supported by the National Institutes of Health’s Science of
Behavior Change (SOBC) initiative (1). The goal of this SOBC
initiative is to make behavior change research more targeted and
systematic by employing an “experimental medicine” approach to
understanding common mechanism underlying behavior change
(21). Consistent with the goal of understanding processes that
underly multiple health risk behaviors, we assessed if self-
regulation (as a putative target of behavior change) can be
engaged and manipulated on a momentary basis in naturalistic,
non-laboratory settings among samples from two exemplar
populations with health risk behaviors: individuals who smoke
and individuals who are overweight and have binge-eating
disorder, each of whom were asked to respond to EMA queries
on mobile devices four times per day for 2 weeks. There were no
specific hypotheses about how each momentary self-regulation
subscale would differ by context or which contexts would affect
which self-regulation subscale. Instead, this exploratory study
was aimed at providing preliminary evidence that momentary

self-regulation may vary in response to different environments
throughout everyday life. Similarly, while both populations
engage in health risk behaviors, the etiology of each health
risk behavior likely differs, with smoking characterized by
an addiction to nicotine (22), whereas the etiology of binge
eating, including potential relations with addiction (23, 24), is
less well understood (25). While we might also expect to see
differences between the samples in whether and which contexts
affect momentary self-regulation, no specific sample differences
were hypothesized given the novelty of the momentary self-
regulation measurement.

The goals of these exploratory analyses of the EMA data were
(1) to examine whether momentary self-regulation changed in
different contexts (that may increase or decrease self-regulation)
and in response to the Laddr R© digital self-regulation application
(26), and (2) to explore whether use of the digital self-regulation
intervention modified the relationship between contexts and
momentary self-regulation.

This work will also be used to inform a later stage of research
focused on assessing the transdiagnostic mediating effect of
momentary self-regulation on medical regimen adherence and
health outcomse among these same two exemplar populations
with risk behaviors.

MATERIALS AND METHODS

Study Design
This was a one-arm, open-label exploratory study with
prospective momentary data collection. Although Laddr was
employed in the current study, it was not used as an intent-to-
treat intervention to promote health behavior change. Rather, to
achieve the scientific aims of this study, Laddr enabled EMA data
collection and provided access to therapeutic content that may
increase self-regulation.

The target sample size was 50 participants who smoked and 50
participants who were overweight and had binge-eating disorder.
An additional set of participants (target of 25 participants
from each population) was recruited to participate in passive-
sensing mobile data collection via wrist sensors in addition to
the study intervention and data collection (The passive-sensing
data results will be reported elsewhere). Because the additional
participants received the same mobile intervention and provided
data through the same baseline and momentary questionnaires,
these participants are included in the study summary that follows.
The decision to include the passive-sensing study participants
occurred prior to any analyses.

The target sample size of 50 participants per population was
determined to provide an estimated 80% power to detect a
difference between contexts in mean momentary self-regulation
that is 0.2–0.3 times a standard deviation (SD). This assumed
completion of at least two assessments per day for 2 weeks at
an 80% signal response rate, with intraclass correlations ranging
from 0.001 to 0.3, and prevalence of a context of interest of
10% and 30% of responses. The addition of the 25 passive-
sensing study participants in each sample provided increased
power beyond these estimates.
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Participant Eligibility
The larger project of which the present study is part also
includes a study that used functionalmagnetic resonance imaging
(fMRI) in addition to self-report of self-regulation (1). While
the participants in the present study were not enrolled in the
fMRI study, the eligibility criteria were harmonized between
the two studies in order to have comparable samples for future
comparison of behavioral and fMRI results. Thus, some of
the eligibility criteria for the current study were influenced by
eligibility requirements for the fMRI study [e.g., upper limit for
body mass index (BMI) was influenced by fMRI capacity].

All participants were required to be aged 21–50 years,
sufficiently proficient in understanding English to provide
informed consent, and able to use a smartphone. Exclusion
criteria were: any current (non-nicotine) substance use disorder
evaluated based on self-report (participants were not excluded
based on use of substances), being pregnant or having plans to
become pregnant in the next 3 months, self-reported lifetime
history of a major psychiatric disorder (e.g., schizophrenia and
bipolar disorder but not major depressive disorder), current use
of any medication for psychiatric reasons (e.g., stimulants, mood
stabilizers, or antidepressants), current use of prescription pain
medication, current use of any smoking cessation medication
(participants were not excluded based on use of short-acting
nicotine replacement therapy), current use of weight-loss
medication or prior weight-loss surgery, current nighttime shift
work, and current obstructive sleep apnea.

Samples Including Passive Mobile Data Collection
In addition to the criteria above, participants who additionally
engaged in the passive mobile-sensing portion of the study were
required to be able to use a study-provided smartphone, to be
comfortable wearing a wrist sensor on each wrist, and to travel
to the research center at the beginning and end of the 14-day
study period.

Smoking Sample
In addition to the criteria above, participants in the smoking
sample must have smoked 5 or more tobacco cigarettes per
day for the past year. They could not be overweight or obese;
their BMI must have been ≥17 and <27 kilograms per square
meter (kg/m2). Additionally, participants who smoked could not
engage in binge-eating behavior as determined by a subset of
questions (#8–10), on the Questionnaire on Eating and Weight
Patterns-5 (QEWP-5; (27). A current desire to quit smoking
was not included in the eligibility criteria as this was not an
intervention study for smoking cessation.

Binge-Eating Sample
In addition to the criteria above, participants in the binge-eating
sample had a BMI between 27 and 45 kg/m2, inclusive, and had
binge-eating disorder according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria
(28). They were required to be non-smoking, defined as having
no cigarettes in the past 12 months. Additionally, they could
not exhibit any compensatory behavior (e.g., purging, excessive
exercise, or fasting). They could not have lost more than 10

pounds in the past 6 months, and they could not be enrolled in
an in-person weight-loss program. They also could not be on a
special diet for a serious health condition.

Recruitment Procedure
Study advertisements were posted online (e.g., Craigslist,
Facebook) as well as in physical locations in the Dartmouth
College community around New Hampshire and Vermont,
including in health centers and non-healthcare locations in the
community (e.g., convenience stores, bus stops). Participants in
the target samples of 50 without passive sensing were recruited
nationally throughout the United States, including districts
and territories. Participants in the target samples of 25 who
additionally participated in passive mobile sensing were recruited
locally in the region around Dartmouth College. Interested
individuals were directed to an eligibility screening questionnaire
on Dartmouth’s Research Electronic Data Capture (REDCap)
online platform (29, 30). Recruitment and data collection
occurred from January through December 2018. Recruitment for
the national smoking and binge-eating samples continued until
50 participants from each population had completed at least 10%
of their momentary assessment questionnaires. Recruitment for
the mobile-sensing smoking and binge-eating samples continued
until 25 participants from each population had completed at least
10% of their momentary assessment questionnaires. Although,
recruitment goals were based on participants completing at least
10% of the momentary assessments, completing fewer than 10%
of the momentary assessments was not an exclusion criterion.

Study Conduct
Individuals who met the eligibility criteria for the study based
on responses to the online screening tool were scheduled for a
14-consecutive-day study period. The subset of participants who
also participated in the passive-sensing mobile data collection
portion of the study (not described here) were required to make
in-person visits at the beginning and end of the study period.
All participants provided informed consent, and the study was
approved by the Dartmouth College institutional review board.

All participants were asked to use the Laddr mobile
intervention daily during the 14-day study period. Informed by
over 20 years of NIH-funded research and dozens of randomized
trials (31–35), Laddr offers evidence-based health behavior
change tools via an integrated platform to target a wide range
of behavioral problems, including smoking, binge eating, alcohol
use, other substance use, depression, panic, and anxiety. Each
section of Laddr provides behavior-specific tools for activating
behavior change, solving problems, overcoming obstacles to
effective behavior change, and developing skills for maintenance
of behavior change. Participants were asked to use Laddr to learn
information about smoking and binge eating, as applicable, and
to create personalized goals regarding their health risk behavior.
Participants were instructed to follow the guides, where they
could learn about their cues to smoking and binge eating and
then practice healthier alternatives when faced with their cues,
such as engaging in breathing exercises or going for a walk.
Participants were asked to use Laddr to track progress toward
their goals throughout the study period. In the present study,
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the samples who smoked and who had binge-eating disorder
were encouraged to use the smoking and binge-eating disorder
sections of Laddr, respectively.

At baseline, participants completed a battery of self-regulation
questionnaires (17 questionnaires) as well as questionnaires
about demographic information and smoking or binge-eating
behavior, as appropriate. Participants in the national samples
then installed Laddr on their own smartphone, and participants
in the locally recruited passive-sensing samples had Laddr
installed on a study-provided smartphone. All participants were
asked to use Laddr at least daily.

During the 14-day study period, participants were queried
about momentary self-regulation, emotional state, and social
and environmental context (both samples; 8 general context
questions); recent smoking and exposure to smoking cues
(smoking sample only; 14 different smoking-specific contexts);
and recent eating, binge eating, and exposure to binge-eating
cues (binge-eating sample only; 12 different binge-eating-specific
contexts). In addition to delivering the momentary intervention,
Laddr collected the momentary assessments. Participants were
prompted four times per day; prompts were delivered during
random times within four windows based on their stated waking
hours (e.g., 8–11:30 AM, 11:30 AM−3 PM, 3–6:30 PM, 6:30–10
PM) and delivered at least 1 h apart.

Participants were compensated for completing baseline and
momentary assessments, and for interacting with the Laddr
application, and could receive up to $175 over the 2-week
study period. Compensation was determined according to
the following schedule: $20 per participant for all baseline
surveys; $1 per momentary assessment completed (4 momentary
assessments per day for 14 days, maximum compensation of
$56); $2 per day for Laddr activities (at least 5 minutes of
engagement per day for 14 days, maximum compensation of
$28); $20 bonus per week for completing at least 25 of the
28 momentary assessments that week (2 weeks, maximum
compensation of $40); and $31 for data plan reimbursement.

Participants also participating in the passive-sensing mobile
data collection followed a slightly adapted compensation
schedule for activities related to mobile data collection for a
maximum total compensation of $250.

Baseline Measures
The baseline questionnaire measured demographic information
(e.g., age, gender, ethnicity, race, education, income), height and
weight for BMI, smoking-related questions (e.g., number of quit
attempts), and binge-eating-related questions (e.g., currently on a
diet to lose weight). The eight-item Patient Health Questionnaire
depression scale (PHQ-8; (36) and Reward-based Eating Drive
scale (RED-13; (37) were also collected in both samples.

In the smoking sample, participants completed the
Fagerström Test for Nicotine Dependence (38). In the binge-
eating sample, binge-eating disorder (BED) was screened via the
binge-eating questions from the QEWP-5 (27).

In addition, several self-regulation questionnaires were
administered. The questionnaires used in this study were
a subset of questionnaires selected in the overarching self-
regulation project as measures that putatively measure aspects

of self-regulation (1). The subset included any scale from
which momentary self-regulation subscale items were derived
(Scherer et al., under review). These were collected to describe
the sample with respect to self-regulation and to confirm the
associations between aspects of self-regulation at the trait level
and those at the momentary level. The baseline self-regulation
questionnaires were: (1) Short Self-Regulation Questionnaire
[SSRQ; (39)]; (2) both subscales of the Emotion Regulation
Questionnaire (ERQ)—cognitive reappraisal and expressive
suppression (40); (3) all five subscales of the Five Facet
Mindfulness Questionnaire (FFMQ)—observing, describing,
acting with awareness, non-judging, and non-reactivity (41);
(4) Mindful Attention Awareness Scale [MAAS; (42)]; (5)
all four subscales of the Selection-Optimization-Compensation
Questionnaire, short version (SOC)—elective selection, loss-
based selection, optimization, and compensation (43); (6) two
of the five subscales of the UPPS-P Impulsive Behavior Scale—
lack of premeditation and lack of perseverance (44–46); and (7)
one of the three subscales of the Eysenck I-7 Impulsiveness and
Venturesomeness Questionnaire—venturesomeness (47).

Momentary Measures
Momentary Self-Regulation Scale
At each EMA prompt, participants were queried about
momentary self-regulation using a novel momentary self-
regulation scale. This metric operationalizes and empirically
examines self-regulatory processes and dynamics in a naturalistic
setting and can be implemented through mobile devices for
EMA. This measure allows for testing hypotheses related to
momentary self-regulation (Scherer et al., in preparation).

Developing this momentary self-regulation scale was an
initial step in the overarching SOBC project. In developing this
metric, we identified underlying constructs of self-regulation via
factor analyses on 23 existing scales (594 items) measuring self-
regulation. Focusing on items from various scales that loaded
highly on each underlying construct, we modified the language
of the items to focus on a momentary state rather than an
individual trait. For example, if the existing scale item was
“I’ve kept my emotions to myself,” the wording was modified
to “Since the last prompt, I’ve kept my emotions to myself.”
From a set of momentary items piloted on 53 participants,
and through further factor analysis, a 12-item momentary self-
regulation scale was developed. The scale demonstrated construct
validity with a high level of association between the trait-
level and moment-level items. The scale also demonstrated
both intra- and interindividual variability, demonstrating that
individuals differed on their mean level of self-regulation and
within individual, there was significant variability in levels of self-
regulation. The momentary self-regulation scale consists of four
subscales, each with three items: (1) momentary perseverance,
(2) momentary sensation seeking, (3) momentary self-judgment,
and (4) momentary mindfulness. This newly developed scale
allows for the study of self-regulation on a momentary level and
was a key assessment tool used in the present study.

Briefly, momentary perseverance is comprised of items on
setting goals and tracking progress toward them, and continuing
working on projects until they are finished or a goal has been
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achieved. Momentary sensation seeking is comprised of items
relating to taking and enjoying taking risks. If creating a total
momentary self-regulation score, this subscale is reverse coded
as it negatively associates with the construct of self-regulation.
Momentary self-judgement items measure negative judgments
about self or one’s emotions. Like sensation seeking, this subscale
is reverse coded if creating a momentary self-regulation total
score. Finally, momentary mindfulness items measure being
attentive and mindful to task.

The 12 items of the momentary self-regulation scale were
assessed on each momentary assessment. As described above,
the scale was developed to measure the underlying constructs
of existing trait-level self-regulation scales as well as to detect
momentary fluctuations in these constructs. A full description of
the scale development and pilot study can be found in Scherer
et al. under review.

Momentary Context Measures
At each prompt, participants were asked whether they were alone
or with others and where they were (home, friend’s or family
member’s house, car, work or school, cafeteria/restaurant/bar,
outside, other). Context items were based on earlier work on
assessing participant context using EMA (48–51). Response
options were grouped due to small counts to facilitate modeling.
In addition, momentary positive and negative affect, stress, and
tiredness were assessed via several 7-point Likert items, loosely
based on items developed by Wilhelm and Schoebi (52). These
general context measures were assessed to evaluate how various
daily contexts (without a direct relation to a health risk behavior)
may influence momentary self-regulation.

In addition to the general context measures, sample-specific
context measures were asked of each sample. These context
measures were assessed to evaluate how contexts that are more
directly related to a health behavior may influence momentary
self-regulation. Participants in the smoking sample were asked
a series of questions about their smoking behavior as well as
recent eating and recent alcohol and drug use. They were also
asked about several smoking cues, including seeing others smoke,
seeing cigarettes, and smelling smoke. Participants who smoked
were asked about current access to cigarettes, likelihood of
smoking in the next 4 h, temptation to smoke, urge to smoke,
and restraint in smoking. These items were included to assess
the associations with momentary self-regulation; the items were
informed by earlier EMA smoking studies (48, 49, 53) and an
EMA eating study (54).

Participants in the binge-eating sample were asked a series
of questions about their eating behavior, including binge eating.
They were also asked about seeing or smelling food, ease of access
to food, likelihood of binge eating in the next 4 h, urge to binge
eat, hunger, and restraint in eating. As with the smoking sample,
the goal of including these items was to assess their association
with momentary self-regulation. Many of the binge-eating items
were broadly derived from several studies of disordered eating,
body weight, and affect (54–59).

Finally, based on Laddr usage data, we calculated whether
a participant had used Laddr within the past hour and within
the past 12 h of responding to the prompt. This measure was

calculated to assess whether Laddr use was associated with
momentary self-regulation, and whether Laddr use modified the
relationships between contexts and momentary self-regulation.

Daily Measures
Morning questionnaires for the smoking sample included
questions on desire to smoke that day and motivation to avoid
smoking that day. Morning questionnaires for the binge-eating
sample included questions on desire to binge eat that day and
motivation to avoid binge eating that day. Participants in the
binge-eating sample were presented items from the Three-Factor
Eating Questonnaire-R18 (60) in the evening to assess binge-
eating behavior during the day. Both morning and evening daily
measures were included to assess whether they were associated
with the level of momentary self-regulation during that day.

Statistical Analyses
Participant characteristics were evaluated via descriptive
statistics. The smoking and binge-eating samples were compared
via chi-squared tests for categorical variables and t-tests for
continuous variables.

All participants who completed at least one momentary
questionnaire are included in the analyses of momentary
measures. Descriptive statistics were computed for responses to
momentary context questions.

The associations between baseline self-regulation
measures and the momentary self-regulation subscales were
examined to confirm their association (results included
in Supplementary Tables 4–6). The primary results for
this manuscript are the evaluation of associations between
momentary context questions and themomentary self-regulation
subscales. These were evaluated via mixed-effects models. Each
model included a fixed effect for the baseline measure or
momentary context question as well as a time variable to
account for changes in momentary self-regulation over the
course of the study. Each model also included an individual-level
intercept term to account for the non-independence of repeated
observations from the same individual. Regression parameter
estimates are provided for the momentary context question
along with standard error and p-value. In addition to the primary
evaluation, models with an interaction between recent Laddr
use (defined as use within 12 h of momentary responses) and
momentary contexts were fit to examine how Laddr use modified
the relationship between momentary contexts and momentary
self-regulation. In the results for the interaction models, a
type III p-value from the context-by-Laddr term is presented
to test for effect modification. Linear combinations of mixed
model parameter estimates from the interaction model are used
to estimate the association between context and momentary
self-regulation within moments with recent Laddr use (within
the past 12 h) and within moments without recent Laddr use
(within the past 12 h). A significant p-value (<0.05) indicates
a statistically significant association between the momentary
context measure and the momentary self-regulation subscale.

The association between general context measures and
momentary self regulation is presented in a combined
sample of the smoking and binge eating sample, while the
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association between condition-specific context measures
and momentary self-regulation is examined separately for
each sample. The association between the general context
measures and momentary self-regulation was also assessed in the
smoking sample and the binge-eating sample and results are in
(Supplementary Tables 7–10).

Due to the exploratory nature of the study and the study’s
primary focus on assessing if self-regulation can be measured and
engaged in the moment in two exemplar populations with health
risk behavior, many statistical comparisons were made, but no
adjustment was made for multiple comparisons. Even if no true
associations exist, we would expect about 5% of the statistical
tests to be significant, so individual significant results should be
interpreted with caution and replicated in further studies.

The study protocol and statistical analysis plan were
preregistered on ClinicalTrials.gov (Identifier: NCT03352713).
All analyses were performed using SAS R© software version
9.4 (61).

RESULTS

Study Participants
A total of 4,601 participants were screened for the smoking
sample, and 12,499 were screened for the binge-eating sample.
Of those, 599 and 274 screened in, respectively, and 104 and
81 participants consented, respectively. The primary reasons for
screening out of the smoking sample were BMI <17 or ≥27
kg/m2, age <21 or >50 years, and not completing the screening
questionnaire. For the binge-eating sample, the primary reasons
for screening out were not meeting the BED criteria, BMI <27
or >45 kg/m2, and not completing the screening questionnaire.
All participants provided baseline data, and 82 participants
from the smoking sample and 77 participants from the binge-
eating sample provided at least one response to a momentary
questionnaire. Participants in the smoking sample contributed
a total of 3,233 momentary questionnaires, and participants in
the binge-eating sample contributed a total of 3,481 momentary
questionnaires. See Figure 1.

Participant Characteristics, Baseline
Measures, and EMA Response Rates
The mean age of the combined sample was 35.2 years (7.9 SD),
and the majority of participants were female (78.4%). A large
majority of participants were white (89.2%), which is, in part,
due to the racial distribution in the location of the local sample
recruitment. A large percentage of participants had some college
or an associate degree (43.2%). An additional 22.7% completed
a bachelor’s degree, and 15.7% had an advanced (graduate)
degree. The smoking sample and binge-eating sample differed in
age, gender, BMI, education, and income, with the binge-eating
sample having higher BMI, education level, and income. The
smoking sample was slightly older (36.6 years vs. 33.5 years) and
consisted of a larger proportion of males. See Table 1.

The binge-eating sample had higher mean PHQ-8 and RED-
13 scores than the smoking sample. In the smoking sample, over
half (54.8%) of the participants indicated they were currently
trying to cut down or quit smoking, and about 80% smokedmore

than 10 cigarettes per day. Only 25.9% of the binge-eating sample
was currently on a diet or trying to lose weight. Baseline self-
regulation measures also differed between the groups indicating
some differences in trait-level self regulation between the
two samples. Scores on the SSRQ, ERQ cognitive appraisal,
FFMQ acting with awareness, FFMQ non-judging, FFMQ non-
reactivity, SOC optimization, and SOC compensation were all
higher in the smoking sample. Scores on the MAAS and UPPS-P
lack of perseverance (where a higher score in the latter represents
lower self-regulation) were higher in the binge-eating sample.
See Table 2.

A higher proportion of participants in the binge-eating sample
contributed momentary data (95.1% vs. 78.8%), and those in
the binge-eating sample contributed slightly more momentary
reports per day than those in the smoking sample (3.3 vs. 2.9).
Among those who contributed momentary data, the number
of days contributed were similar between the two samples.
See Table 2.

EMA Measures
Descriptive statistics for momentary measures are presented in
Supplementary Tables 1–3.

Associations Between General Momentary
Context Measures and Momentary
Self-Regulation Subscales in the
Combined Sample
In the combined sample, the associations between momentary
context measures asked of both samples were evaluated for
their relationship to momentary self-regulation measures. See
Table 3. Momentary perseverance was significantly higher when
in the car or at work (vs. home), and was positively associated
with momentary positive affect, and negatively associated with
being alone, momentary negative affect, momentary stress level,
and momentary tiredness. Momentary sensation seeking was
positively associated with momentary positive affect and was,
on average, higher when in “other” locations (vs. home),
and lower when alone. It was negatively associated with
momentary negative affect, and momentary stress level, with
higher negative affect and higher stress associated with lower
momentary sensation seeking. Momentary self-judgment was
positively associated withmomentary negative affect, momentary
stress level, and momentary tiredness, and was, on average,
lower when in “other” locations or at work (vs. home).
It was also negatively associated with momentary positive
affect. Momentary mindfulness was positively associated with
momentary positive affect and was, on average, higher when
in “other” locations (vs. home), and lower when at work (vs.
home), and negatively associated withmomentary negative affect,
momentary stress level, and momentary tiredness. Generally, it
appears that being alone or in specific locationsmay be associated
with momentary self-regulation. But different locations may
influence different aspects (subscales) of momentary self-
regulation. In contrast, positive and negative affect, stress and
tireness were associated more uniformly with all aspects of
momentary self-regulation.
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FIGURE 1 | Participant flow diagram.

While recent Laddr use (within 12 h and within 1 h) was
not associated with the momentary self-regulation subscales
(Table 3), when examining the model with an interaction
between Laddr use and context, we see that recent Laddr use
(within the past 12 h) significantly modified the association
between momentary mindfulness and location (Table 4).
Momentary mindfulness was lower at work than at home, and
there was a larger difference in momentary mindfulness between
work and home when Laddr had been used in the past 12 h.
One possible reason for this may be that using Laddr had
a stronger positive influence on momentary mindfulness at
home than it did when someone was working. Or, momentary
mindfulness while at work is generally lower (as seen in the main
results), and less malleable with interventions than it would be
at home.

Results in the smoking (Supplementary Tables 7, 8) and
binge eating samples (Supplementary Tables 9, 10) did not differ
meaningfully from the combine sample results.

Associations Between Momentary Context
Measures and Momentary Self-Regulation
Subscales in the Smoking Sample
Smoking-Specific Context Measures
In the smoking sample, smoking-related contexts were evaluated
for their association with momentary self-regulation (Table 5).
Momentary difficulty in accessing cigarettes, momentary caffeine
intake, and momentary restraint in smoking were all positively
associated with momentary perseverance, indicating these
external and internal contexts engaged the perseverance aspect
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TABLE 1 | Participant demographics in the combined, smoking, and binge-eating samples.

Combined sample Smoking sample Binge-eating sample p-value

N = 185 N = 104 N = 81

N Mean

%

SD N Mean

%

SD N Mean

%

SD

Age 185 35.2 7.9 104 36.6 7.7 81 33.5 7.9 0.008

Gender 0.008

Male 37 20.0% 29 27.9% 8 9.9%

Female 145 78.4% 74 71.2% 71 87.7%

Non-binary/third gender 3 1.6% 1 0.9% 2 2.5%

Race 0.15

Black/African American 12 6.5% 4 3.8% 8 9.9%

White 165 89.2% 94 90.4% 71 87.7%

American Indian/Alaska Native/Asian/Native

Hawaiian/Pacific Islander/other/more than

one race

8 4.3% 6 5.8% 2 2.5%

Hispanic ethnicity 6 3.2% 2 1.9% 4 4.9% 0.41

Body mass index 185 28.3 6.8 104 23.3 2.5 81 34.8 4.7 <0.001

Diabetes 2 1.1% 1 1.0% 1 1.2% 1.0

Education <0.001

Some high school or less 5 2.7% 5 4.8% 0 0.0%

High school diploma or General Educational

Development (GED)

29 15.7% 27 26.0% 2 2.5%

Some college/associate’s (2-year) degree 80 43.2% 53 51.0% 27 33.3%

Bachelor’s (4-year) degree 42 22.7% 14 13.5% 28 34.6%

Advanced (graduate) degree 29 15.7% 5 4.8% 24 29.6%

Income <0.001

$0-$25,999 34 18.8% 23 23.0% 11 13.6%

$26,000-$51,999 66 36.5% 47 47.0% 19 23.5%

$52,000-$74,999 40 22.1% 19 19.0% 21 25.9%

$75,000+ 41 22.7% 11 11.0% 30 37.0%

Marital status 0.15

Single (never married) 65 35.1% 33 31.7% 32 39.5%

Married 88 47.6% 47 45.2% 41 50.6%

Separated 7 3.8% 6 5.8% 1 1.2%

Widowed 2 1.1% 2 1.9% 0 0.0%

Divorced 23 12.4% 16 15.4% 7 8.6%

of an individual’s self-regulation. Momentary temptation to
smoke and momentary urge to smoke, on the other hand,
were both negatively associated with momentary perseverance,
indicating these challenges, indeed, negatively impacted an
individual’s perseverance in the moment. Having seen someone
smoke, smelling smoke, and drinking alcohol were all positively
associated with momentary sensation seeking, supporting these
contexts as cues that engage an individual’s desire for increased
sensation seeking. Having seen someone smoke, smelling smoke,
eating, drinking alcohol, momentary temptation to smoke, and
momentary urge to smoke were all positively associated with
momentary self-judgment, showing how these smoking cues
influence an individual’s negative self-view. Whereas a greater
feeling of momentary restraint in smoking was associated with
lower levels of momentary self-judgment, indicating a more

positive self view with higher levels of restraint. Interestingly,
a higher daily desire to smoke (which was measured in the
morning) was associated with lower momentary mindfulness

(measured throughout the day), indicating the desire to smoke
may influence mindfulness. When an individual indicated a
higher likelihood of smoking within the next 4 h and and
higher momentary restraint in smoking, this was associated
with increased momentary mindfulness. Momentary difficulty
in accessing cigarettes, momentary temptation to smoke, and
momentary urge to smoke were all associated with lower levels of
momentarymindfulness. While still exploratory, taken together,
these results indicate that smoking-related context is associated
with momentary self-regulation levels. It appears temptation,
urge, and restraint are all associated with several aspects of
momentary self-regulation: perseverance, self-judgement, and
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TABLE 2 | Baseline, study-specific measures in the combined, smoking, and binge-eating samples.

Combined sample Smoking sample Binge-eating sample p-value

N = 185 N = 104 N = 81

N Mean

%

SD N Mean

%

SD N Mean

%

SD

Reward-based Eating Drive scale (RED-13) 184 25.0 13.9 104 15.0 9.2 80 37.9 5.7 <0.001

PHQ-8 185 7.1 5.3 104 5.3 5.0 81 9.3 4.6 <0.001

Smoking behavior

Currently trying to quit/cut down on smoking 57 54.8%

Number of cigarettes per day 104 18.3 7.2

≤10 21 20.2%

11–20 60 57.7%

>20 23 22.1%

Number of quit attempts—lifetime 25 6.1 10.2

0 2 8.0%

1–10 21 84.0%

>10 2 8.0%

Quit attempt in the past 12 months 11 44.0%

Fagerström 102 5.3 2.0

Binge-eating behavior

Currently on a diet/trying to lose weight 21 25.9%

Greatest weight 81 235.8 50.5

Self-regulation measures

SSRQ 182 102.5 17.1 102 107.7 17.6 80 95.9 14 <0.001

ERQ cognitive reappraisal 182 28.2 7.2 102 29.9 6.8 80 26.1 7.2 <0.001

ERQ expressive suppression 182 15.1 5.6 102 15.0 5.5 80 15.2 5.7 0.78

FFMQ acting with awareness 182 24.4 6.2 102 26.3 6.0 80 22.0 5.7 <0.001

FFMQ observing 182 26.8 5.3 102 27.1 5.0 80 26.4 5.6 0.37

FFMQ describing 182 27.0 6.8 102 27.0 6.8 80 27.0 6.9 0.90

FFMQ non-judging 182 23.6 7.2 102 25.5 6.9 80 21.2 6.9 <0.001

FFMQ non-reactivity 182 20.8 4.6 102 22.1 4.0 80 19.1 4.7 <0.001

MAAS 182 3.4 0.9 102 3.1 0.9 80 3.9 0.8 <0.001

SOC elective selection 181 0.7 0.9 101 0.7 0.9 80 0.7 0.9 0.71

SOC loss-based selection 181 1.3 1.0 101 1.3 0.9 80 1.3 1.1 0.98

SOC optimization 181 1.5 1.2 101 1.9 1.1 80 1.1 1.2 <0.001

SOC compensation 181 1.4 1.0 101 1.6 1.0 80 1.2 1.0 0.004

UPPS-P lack of premeditation 181 2.0 0.6 101 2.0 0.5 80 1.9 0.6 0.40

UPPS-P lack of perseverance 181 2.1 0.6 101 2.0 0.6 80 2.3 0.6 0.002

Eysenck I-7 venturesomeness 181 7.8 4.4 101 8.4 4.5 80 7.1 4.3 0.06

EMA completion

Contributed EMA data 159 85.9 82 78.8 77 95.1 0.002

Number of days contributed EMA data 159 13.4 3.5 82 13.1 4.4 77 13.7 2.1 0.34

Average number of EMA reports per day 159 3.1 0.8 82 2.9 0.9 77 3.3 0.7 0.01

Gray shading indicates cells not relevant for the particular sample.

mindfulness. Interestingly, smoking cues (seeing or smelling
smoke, and drinking alcohol), appear to be the only contexts that
may influence momentary sensation seeking, but these may also
influence an individual’s self-judgement. Also of note, was that
smoking since the last prompt was not associated with any of the
momentary self-regulation subscales.

Recent Laddr use modified several of the relationships
between smoking-specific context measures andmomentary self-
regulation, as seen in the model including an interaction term

between Laddr use (within the past 12 h) and context (Table 6).
Following recent Laddr use, the association between difficulty
accessing cigarettes and increased momentary perseverance was
smaller in magnitude than when Laddr had not been recently
used. This is consistent with a weakened link between context
and momentary perseverance with Laddr use. With recent
Laddr use, seeing others smoke was significantly associated with
higher momentary sensation seeking, but when Laddr had not
been recently used, there was no significant association. This
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pattern could be interpreted as Laddr increasing an individual’s
awareness of momentary smoking cues. For recent alcohol use,
momentary temptation to smoke, andmomentary urge to smoke,
a significant positive association existed with momentary self-

judgment when following recent Laddr use, but the association
was not significant without recent Laddr use. Again, this may
be that indicate that Laddr usage affected how an individual
is influenced by smoking cues. A similar pattern was seen
in the association between temptation and urge to smoke
and momentary mindfulness—with the association significant
only following recent Laddr use. Finally, the direction of the
association between alcohol use and momentary mindfulness

differed for prompts with (negative) vs. without (positive)
recent Laddr use. These analyses are exploratory, thus over-
interpretting a particular significant associations is inappropriate.
However, the collective finding that in multiple instances, the
association between a smoking-specific context and momentary
self-regulation differed when a health behavior intervention
was vs. was not used, may offer preliminary indication that
interventions to promote health behavior have the potential to
interrupt context-specific influences on self-regulation or modify
their effect on an individual’s self-regulation.

Associations Between Momentary Context
Measures and Momentary Self-Regulation
Subscales in the Binge-Eating Sample
Binge-Eating-Specific Context Measures
In the binge-eating sample, binge-related contexts were evaluated
for their association with momentary self-regulation (Table 7).
In this sample, a daily desire to binge eat was associated
with lower momentary perseverance measures throughout the
day. Momentary difficulty in accessing food and momentary
restraint in eating were positively associated with momentary
perseverance, while momentary urge to binge was negatively
associated with momentary perseverance. These relationships
are consistent with both external and internal context having
an effect on an individual’s perseverance. Higher values of
daily uncontrolled and emotional eating (measured in the
evening) were associated with lower momentary perseverance

(measured throughout the day), while higher daily restrained
eating was associated with higher momentary perseverance. A
daily motivation to avoid binge eating (measured in themorning)
was associated with a higher level of momentary sensation

seeking (measured throughout the day). Momentary difficulty
in accessing food was also associated with higher momentary
sensation seeking. Daily desire to binge eat (measured in the
morning), higher likelihood of binge eating in the next 4 h,
momentary urge to binge eat, were all associated with higher
levels of momentary self-judgment, while momentary restraint
in eating was negatively associated with momentary self-

judgment. Daily uncontrolled and emotional eating (measured
in the evening) were also associated with momentary self-

judgment (measured throughout the day). Taken together, these
results indicate that self-judgement is engaged by contextual
influence. Daily desire to binge eat (measured in the morning),
momentary likelihood of binge eating in the next 4 h, and
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TABLE 4 | Momentary context measures, association with momentary self-regulation by recent Laddr use (≤12 h) in the combined sample.

Association between momentary

context and momentary

self-regulation measures

Presented separately by recent Laddr

use (≤12h)

Momentary perseverance Momentary sensation seeking Momentary self-judgment Momentary mindfulness

β* SE DF p-value β* SE DF p-value β* SE DF p-value β* SE DF p-value

Momentary context

Alone 1.00 0.89 0.72 0.83

Laddr use (≤12 h) −0.05 0.03 6,552 0.13 −0.06 0.02 6,551 0.002 0.003 0.03 6,552 0.92 −0.01 0.03 6,551 0.63

No Laddr (≤12 h) −0.05 0.03 6,552 0.11 −0.06 0.02 6,551 <0.001 0.02 0.02 6,552 0.54 −0.02 0.03 6,551 0.42

At this moment, location:

Car 0.90 0.33 0.72 0.29

Laddr use (≤12 h) 0.21 0.06 6,548 <0.001 −0.01 0.03 6,547 0.68 −0.02 0.04 6,548 0.58 −0.09 0.05 6,547 0.05

No Laddr (≤12 h) 0.22 0.05 6,548 <0.0001 0.03 0.03 6,547 0.32 −0.003 0.04 6,548 0.94 −0.02 0.04 6,547 0.58

Other 0.51 0.18 0.67 0.21

Laddr use (≤12 h) 0.07 0.05 6,548 0.13 0.14 0.03 6,547 <0.0001 −0.07 0.04 6,548 0.09 0.04 0.04 6,547 0.30

No Laddr (≤12 h) 0.03 0.05 6,548 0.55 0.08 0.03 6,547 0.005 −0.09 0.04 6,548 0.02 0.11 0.04 6,547 0.01

Work 0.06 0.06 0.87 0.04

Laddr use (≤12 h) 0.22 0.04 6,548 <0.0001 −0.03 0.02 6,547 0.17 −0.08 0.03 6,548 0.01 –0.21 0.03 6,547 <0.0001

No Laddr (≤12 h) 0.32 0.04 6,548 <0.0001 0.03 0.02 6,547 0.25 −0.08 0.03 6,548 0.01 –0.12 0.03 6,547 <0.001

Home (reference)

Right now: positive affect 0.65 0.09 0.08 0.18

Laddr use (≤12 h) 0.19 0.01 6,552 <0.0001 0.06 0.01 6,551 <0.0001 −0.15 0.01 6,552 <0.0001 0.14 0.01 6,551 <0.0001

No Laddr (≤12 h) 0.20 0.01 6,552 <0.0001 0.05 0.01 6,551 <0.0001 −0.12 0.01 6,552 <0.0001 0.13 0.01 6,551 <0.0001

Right now: negative affect 0.38 0.44 0.93 0.11

Laddr use (≤12 h) −0.15 0.01 6,552 <0.0001 −0.03 0.01 6,551 <0.001 0.19 0.01 6,552 <0.0001 −0.16 0.01 6,551 <0.0001

No Laddr (≤12 h) −0.14 0.01 6,552 <0.0001 −0.02 0.01 6,551 0.01 0.19 0.01 6,552 <0.0001 −0.14 0.01 6,551 <0.0001

Right now: how stressed? 0.82 0.23 0.26 0.06

Laddr use (≤12 h) −0.05 0.01 6,552 <0.0001 −0.03 0.01 6,551 <0.0001 0.09 0.01 6,552 <0.0001 −0.10 0.01 6,551 <0.0001

No Laddr (≤12 h) −0.05 0.01 6,552 <0.0001 −0.02 0.01 6,551 0.001 0.08 0.01 6,552 <0.0001 −0.08 0.01 6,551 <0.0001

Right now: how tired? 0.68 0.07 0.53 0.11

Laddr use (≤12 h) −0.07 0.01 6,552 <0.0001 −0.01 0.01 6,551 0.07 0.04 0.01 6,552 <0.0001 −0.07 0.01 6,551 <0.0001

No Laddr (≤12 h) −0.06 0.01 6,552 <0.0001 0.003 0.01 6,551 0.63 0.04 0.01 6,552 <0.0001 −0.06 0.01 6,551 <0.0001

Parameter estimates from mixed-effects models with a context-by-Laddr interaction term.

*Regression coefficients presented in each row represent the association between the context measure and the momentary self-regulation outcome. For each context, they are presented for moments when Laddr had been used

recently, and when Laddr had not been used recently. Bold values indicate p-values ≤ 0.05.
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TABLE 5 | Momentary context measures, association with momentary self-regulation in the smoking sample.

Momentary perseverance Momentary sensation seeking Momentary self-judgment Momentary mindfulness

β SE DF p-value β SE DF p-value β SE DF p-value β SE DF p-value

Morning-only

questions:

Desire to smoke

today

0.02 0.01 2,742 0.14 −0.004 0.01 2,742 0.51 0.002 0.01 2,742 0.77 –0.02 0.01 2,741 0.004

Motivated to avoid

smoking

0.01 0.01 2,742 0.43 −0.003 0.01 2,742 0.57 0.005 0.01 2,742 0.42 −0.01 0.01 2,741 0.17

Questions on all

prompts:

Seen other smoke 0.05 0.04 3,149 0.13 0.05 0.02 3,149 0.02 0.05 0.03 3,149 0.04 −0.04 0.03 3,148 0.13

Seen cigarette 0.03 0.05 3,149 0.57 0.01 0.03 3,149 0.79 0.004 0.04 3,149 0.91 −0.06 0.04 3,148 0.14

Smelled smoke −0.03 0.04 2,935 0.50 0.07 0.02 2,935 0.002 0.06 0.03 2,935 0.03 -0.03 0.03 2,934 0.36

Hard to access

cigarettes

0.06 0.02 3,149 <0.001 −0.01 0.01 3,149 0.45 0.01 0.01 3,149 0.28 –0.03 0.01 3,148 0.03

Eaten 0.03 0.03 3,149 0.41 0.01 0.02 3,149 0.63 0.05 0.02 3,149 0.03 −0.04 0.02 3,148 0.14

Alcohol 0.07 0.07 3,149 0.33 0.09 0.04 3,149 0.02 0.19 0.05 3,149 <0.0001 0.02 0.05 3,148 0.75

Caffeine 0.08 0.03 3,149 0.03 −0.02 0.02 3,149 0.30 −0.02 0.02 3,149 0.38 −0.02 0.03 3,148 0.54

Likely smoke in

next 4 h

0.03 0.02 3,149 0.11 0.01 0.01 3,149 0.16 −0.01 0.01 3,149 0.30 0.04 0.01 3,148 0.001

Temptation to

smoke

−0.03 0.01 3,149 0.01 0.01 0.01 3,149 0.07 0.03 0.01 3,149 <0.001 −0.02 0.01 3,148 0.02

Urge to smoke −0.03 0.01 3,149 0.01 0.01 0.01 3,149 0.053 0.03 0.01 3,149 0.002 −0.03 0.01 3,148 0.01

Restraint in

smoking

0.03 0.01 3,149 <0.0001 0.004 0.004 3,149 0.39 −0.01 0.01 3,149 0.01 0.01 0.01 3,148 0.01

Smoked since last

prompt

0.09 0.06 3,149 0.12 0.02 0.03 3,149 0.50 0.002 0.04 3,149 0.96 0.08 0.05 3,148 0.10

Parameter estimates from mixed-effects models. Bold values indicate p-values ≤ 0.05.
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TABLE 6 | Momentary context measures, association with momentary self-regulation by recent Laddr use (≤12 h) in the smoking sample.

Association between momentary context

and momentary self-regulation measures

Presented separately by recent Laddr use

(≤12h)

Momentary perseverance Momentary sensation seeking Momentary self-judgment Momentary mindfulness

β* SE DF p-value β* SE DF p-value β* SE DF p-value β* SE DF p-value

Morning-only questions:

Desire to smoke today 0.78 0.19 0.15 0.06

Laddr use (≤12 h) −0.004 0.01 2,741 0.79 −0.01 0.01 2,741 0.49 0.01 0.01 2,741 0.15 −0.04 0.01 2,740 <0.001

No Laddr (≤12 h) 0.0009 0.01 2,741 0.94 0.01 0.01 2,741 0.35 −0.003 0.01 2,741 0.74 −0.01 0.01 2,740 0.22

Motivated to avoid smoking 0.45 0.51 0.17 0.25

Laddr use (≤12 h) 0.03 0.01 2,741 0.02 −0.01 0.01 2,741 0.13 −0.003 0.01 2,741 0.62 −0.02 0.01 2,740 0.08

No Laddr (≤12 h) 0.02 0.01 2,741 0.13 −0.005 0.01 2,741 0.42 0.01 0.01 2,741 0.26 −0.004 0.01 2,740 0.63

Questions on all prompts:

Seen other smoke 0.74 0.003 0.10 0.10

Laddr use (≤12 h) 0.03 0.05 3,148 0.61 0.11 0.03 3,148 <0.001 0.10 0.04 3,148 0.01 −0.09 0.04 3,147 0.03

No Laddr (≤12 h) 0.05 0.05 3,148 0.31 0.003 0.03 3,148 0.90 0.02 0.03 3,148 0.49 −0.01 0.04 3,147 0.85

Seen cigarette 0.39 0.17 0.66 0.24

Laddr use (≤12 h) −0.07 0.07 3,148 0.30 0.06 0.04 3,148 0.12 0.003 0.05 3,148 0.95 −0.11 0.05 3,147 0.05

No Laddr (≤12 h) 0.01 0.07 3,148 0.94 −0.01 0.04 3,148 0.81 0.03 0.05 3,148 0.52 −0.03 0.05 3,147 0.63

Smelled smoke 0.49 0.05 0.05 0.10

Laddr use (≤12 h) −0.10 0.05 2,934 0.08 0.12 0.03 2,934 <0.0001 0.11 0.04 2,934 0.002 −0.08 0.04 2,933 0.07

No Laddr (≤12 h) −0.05 0.05 2,934 0.35 0.05 0.03 2,934 0.09 0.03 0.04 2,934 0.46 0.01 0.04 2,933 0.83

Hard to access cigarettes 0.01 0.44 0.56 0.21

Laddr use (≤12 h) 0.05 0.02 3,148 0.04 −0.01 0.01 3,148 0.61 0.004 0.02 3,148 0.78 −0.02 0.02 3,147 0.35

No Laddr (≤12 h) 0.13 0.03 3,148 <0.0001 −0.02 0.02 3,148 0.17 0.02 0.02 3,148 0.34 −0.05 0.02 3,147 0.02

Eaten 0.49 0.91 0.90 0.23

Laddr use (≤12 h) 0.01 0.05 3,148 0.86 0.01 0.03 3,148 0.72 0.05 0.03 3,148 0.14 −0.003 0.04 3,147 0.93

No Laddr (≤12 h) 0.05 0.04 3,148 0.22 0.01 0.02 3,148 0.81 0.04 0.03 3,148 0.14 −0.06 0.03 3,147 0.06

Alcohol 0.84 0.76 0.02 <0.001

Laddr use (≤12 h) 0.06 0.10 3,148 0.57 0.11 0.06 3,148 0.06 0.31 0.07 3,148 <0.0001 −0.21 0.08 3,147 0.01

No Laddr (≤12 h) 0.03 0.09 3,148 0.73 0.09 0.05 3,148 0.09 0.10 0.06 3,148 0.10 0.19 0.07 3,147 0.01

Caffeine 0.65 0.52 0.22 0.45

Laddr use (≤12 h) 0.08 0.05 3,148 0.09 −0.03 0.03 3,148 0.28 −0.05 0.03 3,148 0.16 −0.04 0.04 3,147 0.33

No Laddr (≤12 h) 0.05 0.05 3,148 0.24 −0.01 0.03 3,148 0.79 0.00 0.03 3,148 0.88 0.00 0.04 3,147 0.98

Likely smoke in next 4 h 0.69 0.19 0.28 0.83

Laddr use (≤12 h) −0.02 0.02 3,148 0.33 0.03 0.01 3,148 0.006 0.01 0.01 3,148 0.68 0.04 0.02 3,147 0.02

No Laddr (≤12 h) −0.01 0.02 3,148 0.69 0.01 0.01 3,148 0.28 −0.01 0.01 3,148 0.34 0.03 0.02 3,147 0.05

Temptation to smoke 0.87 0.70 0.03 0.02

Laddr use (≤12 h) −0.03 0.02 3,148 0.07 0.01 0.01 3,148 0.30 0.05 0.01 3,148 <0.0001 −0.05 0.01 3,147 <0.001

(Continued)
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momentary urge to binge eat were all associated with lower
momentary mindfulness, while momentary restraint in eating
was associated with higher levels of momentary mindfulness.
Daily uncontrolled, emotional, and restrained eating (measured
in the evening) were also negatively associated with momentary
mindfulness. These results indicate that binge-related contexts
are associated with momentary self-regulation levels. Similar
to results seen in the smoking sample, several contexts were
associated with multiple aspects of momentary self-regulation:
momentary perseverance, self-judgement, and mindfulness.
Whereas only difficulty in accessing food was associated with
momentary sensation seeking. Unlike in the smoking sample, the
target risk behavior (binge-eating) was associated with all aspects
of momentary self-regulation except sensation seeking.

Recent Laddr use modified the association between some
binge-related contexts and momentary self-regulation levels,
as seen in the Laddr-by-context interaction models (Table 8).
In particular, momentary urge to binge and momentary
perseverance. When Laddr had not been used in the past 12 h,
urge to binge was significantly associated with lower momentary
perseverance, in contrast to a lack of significant association when
Laddr had recently been used, possibly suggesting that use of
Laddr decreased the influence of the internal context. Laddr use
also modified the relationship between having binge eaten since
the last prompt and momentary perseverance. The magnitude
of the negative association was greater following Laddr use than
it was in moments not following Laddr use, although in both
cases the association was significant. It is unclear how to interpret
this finding, but given that in this study Laddr included both
EMA questions as well as the therapeutic intervention, reflecting
on a recent binge episode as reported in EMA may reduce
momentary perseverance. Recent Laddr use also modified the
association between daily uncontrolled eating (measured in the
evening) and momentary perseverance (measured throughout
the day). The association was significant and negative following
recent Laddr use but not significant when Laddr had not
recently been used, possibly indicating a greater awareness of
the link when Laddr was used. In contrast, for daily restraint
in eating (measured in the evening), the positive association
with momentary perseverance was only significant when Laddr
had not recently been used. Again, the possible implication is
unclear beyond the intervention’s moderation of the association.
Recent Laddr use modified the association between daily
uncontrolled eating (measured in the evening) and momentary
sensation seeking, with the direction of the association differing
when Laddr had (negative) and had not (positive) been used.
Specifically, when Laddr had been used, a higher daily level
of uncontrolled eating was associated with lower momentary
sensation seeking throughout the day, and when Laddr had
not been used, a higher daily level of uncontrolled eating was
associated with a higher level of momentary sensation seeking.
The association between momentary hunger and momentary
self-judgment also significantly differed by recent Laddr use;
there was a significant positive association between momentary
hunger and momentary self-judgment only when Laddr had
not been used. A similar pattern was seen with daily desire to
binge eat: only when Laddr had not been used recently was there
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a significant positive association between desire to binge and
momentary self-judgment. Recent Laddr use also modified the
association between daily desire to binge eat and momentary
mindfulness, with only the magnitude of the significant negative
association differing with and without recent Laddr use. As with
the smoking sample, the binge-eating sample results likewise
indicate the possibility that health behavior interventions are
capable of modifying the influence of behavior-specific context
on an individual’s self-regulation in the moment.

DISCUSSION

The goal of this study was to determine whether self-regulation
varied within individual in different contexts among individuals
who smoke and individuals who are overweight and have binge-
eating disorder, two exemplar populations with health risk
behaviors hypothesized to be related to self-regulation. It was
not our aim in this study, to definitively identify the contextual
drivers of self-regulation change within a smoking or within a
binge-eating population. Rather, this study can be viewed as a first
step to demonstrating that self-regulation is not static throughout
the course of an individual’s day, and that momentary self-
regulation measures differ by both general and condition-specific
contexts. It is also noteworthy that we were able to capture
the fluctations in patterns of momentary self-regulation via the
momentary self-regulation scale. The pattern of fluctuation by
context was seen in two different populations, whose similarity
is in the hypothesized underlying influence of self-regulation on
the resultant risk behaviors characteristic of the condition. In
addition, while evaluating the Laddr intervention was not the
purpose of this study, this study was able to demonstrate that
existing context-to-self-regulation relationships were modified
when a self-regulation-based intervention was used (compared
to when it was not). In this study, we were able to characterize
samples from these populations at the trait level. We described
their momentary levels of self-regulation and showed how these
levels are associated with momentary contexts. Further, we were
able to demonstrate that the Laddr mobile intervention modified
some of these associations.

Study Participants
The higher scores on the PHQ-8 in the binge-eating sample
indicate that this population may have a higher burden of
depression symptoms. This is consistent with the co-occurrence
of binge-eating disorder and depression and other mental
illnesses (62). The higher scores on several trait-level, baseline
self-regulation measures in the smoking sample compared with
the binge-eating sample could indicate that those who binge eat
may have larger deficits in self-regulation on average than those
who smoke. Alternatively, to the extent that worse self-regulation
is related to greater severity of health risk behaviors, this finding
may be at least partially explained by the eligibility criterion of
BED in the binge-eating sample compared with the less severe
criterion of smoking five or more tobacco cigarettes per day in
the smoking sample.
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TABLE 8 | Momentary context measures, association with momentary self-regulation by recent Laddr use (≤12 h) in the binge-eating sample.

Association between momentary context

and momentary self-regulation measures

Presented separately by recent Laddr use

(≤12h)

Momentary Perseverance Momentary Sensation Seeking Momentary Self-Judgment Momentary Mindfulness

β* SE DF p-value β* SE DF p-value β* SE DF p-value β* SE DF p-value

Morning-only questions:

Desire to binge eat today 0.10 0.07 0.01 0.03

Laddr use (≤12 h) −0.03 0.01 3,089 0.002 −0.01 0.01 3,088 0.04 0.01 0.01 3,089 0.24 −0.03 0.01 3,089 <0.0001

No Laddr (≤12 h) −0.05 0.01 3,089 <0.0001 0.001 0.01 3,088 0.84 0.03 0.01 3,089 <0.0001 −0.05 0.01 3,089 <0.0001

Motivated to avoid binge eating 0.76 0.31 0.14 0.21

Laddr use (≤12 h) 0.01 0.01 3,089 0.40 0.01 0.01 3,088 0.03 0.01 0.01 3,089 0.18 −0.01 0.01 3,089 0.33

No Laddr (≤12 h) 0.01 0.01 3,089 0.20 0.01 0.01 3,088 0.34 −0.004 0.01 3,089 0.62 0.01 0.01 3,089 0.54

Questions on all prompts:

See or smell food 0.85 0.78 0.94 0.43

Laddr use (≤12 h) 0.03 0.05 3,401 0.52 −0.01 0.03 3,400 0.76 0.02 0.04 3,401 0.63 −0.01 0.04 3,401 0.87

No Laddr (≤12 h) 0.02 0.05 3,401 0.71 0.003 0.03 3,400 0.93 0.02 0.04 3,401 0.56 −0.05 0.04 3,401 0.22

Hard to access food 0.28 0.71 0.25 0.43

Laddr use (≤12 h) 0.03 0.02 3,401 0.09 0.02 0.01 3,400 0.11 0.02 0.02 3,401 0.19 0.02 0.02 3,401 0.33

No Laddr (≤12 h) 0.05 0.02 3,401 0.002 0.02 0.01 3,400 0.04 −0.003 0.02 3,401 0.84 0.03 0.02 3,401 0.04

Likely to binge eat in next 4 h 0.58 0.89 0.08 0.07

Laddr use (≤12 h) −0.03 0.02 3,400 0.10 0.005 0.01 3,399 0.70 0.05 0.02 3,400 0.005 −0.13 0.02 3,400 <0.0001

No Laddr (≤12 h) −0.05 0.02 3,400 0.02 0.01 0.01 3,399 0.58 0.09 0.02 3,400 <0.0001 −0.09 0.02 3,400 <0.0001

Urge to binge eat 0.04 0.33 0.36 0.17

Laddr use (≤12 h) −0.03 0.02 3,401 0.08 −0.01 0.01 3,400 0.37 0.10 0.02 3,401 <0.0001 −0.12 0.02 3,401 <0.0001

No Laddr (≤12 h) −0.09 0.02 3,401 <0.0001 0.005 0.01 3,400 0.67 0.12 0.02 3,401 <0.0001 −0.09 0.02 3,401 <0.0001

How hungry 0.87 0.85 0.03 0.92

Laddr use (≤12 h) 0.02 0.02 3,401 0.30 −0.003 0.01 3,400 0.77 −0.01 0.02 3,401 0.38 −0.02 0.02 3,401 0.13

No Laddr (≤12 h) 0.01 0.02 3,401 0.43 −0.01 0.01 3,400 0.58 0.03 0.02 3,401 0.03 −0.02 0.02 3,401 0.17

Restraint in eating 0.06 0.49 0.88 0.06

Laddr use (≤12 h) 0.04 0.01 3,401 <0.001 −0.01 0.01 3,400 0.30 −0.04 0.01 3,401 <0.0001 0.06 0.01 3,401 <0.0001

No Laddr (≤12 h) 0.06 0.01 3,401 <0.0001 −0.0007 0.01 3,400 0.91 −0.04 0.01 3,401 <0.0001 0.04 0.01 3,401 <0.0001

Binge ate 0.004 0.80 0.13 0.09

Laddr use (≤12 h) −0.49 0.07 3,401 <0.0001 0.03 0.04 3,400 0.55 0.32 0.06 3,401 <0.0001 −0.34 0.06 3,401 <0.0001

No Laddr (≤12 h) −0.20 0.07 3,401 0.004 0.01 0.04 3,400 0.81 0.19 0.06 3,401 0.002 −0.20 0.06 3,401 0.002

Evening-only questions:

Uncontrolled eating 0.01 <0.001 0.83 0.10

Laddr use (≤12 h) −0.09 0.02 3,096 <0.0001 −0.03 0.01 3,095 0.03 0.09 0.02 3,096 <0.0001 −0.12 0.02 3,096 <0.0001

No Laddr (≤12 h) −0.02 0.02 3,096 0.33 0.03 0.01 3,095 0.01 0.08 0.02 3,096 <0.0001 −0.08 0.02 3,096 <0.0001
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Associations With Momentary
Self-Regulation
The ability to measure associations at the momentary level may
help to elucidate the complex effects that an individual’s context
may have on their level of self-regulation and, in turn, their
ability to limit health risk behaviors. Several general momentary
contexts were associated with momentary self-regulation in the
combined sample. Contexts that would be hypothesized to be
more challenging, including higher stress level, greater level of
tiredness, and negative affect, were associated with worse levels
of momentary self-regulation—lower perseverance, higher self-
judgment, and lower levels of mindfulness. Likewise, positive
affect, which is hypothesized to have a positive rather than
negative effect on self-regulation, was associated with higher
momentary perseverance, lower levels of self-judgment, and
higher levels of mindfulness. Together, these patterns suggest that
momentary challenges and negative situations result in lower
momentary levels of self-regulation, and conversely, it is in less
challenging or positive situations that self-regulation is at its
highest. Interestingly, challenging contexts, including negative
affect and stress (but not tiredness), were associated with lower
momentary sensation seeking, and the less challenging context
of higher positive affect was associated with higher momentary
sensation seeking. These findings indicate that the sensation-
seeking component of momentary self-regulation may function
differently than the other aspects of self-regulation with respect to
the influence of more and less challenging momentary contexts,
or perhaps that the definition of a challenging context may be
somewhat different with respect to momentary sensation seeking
as compared with momentary perseverance, self-judgment,
and mindfulness.

Compared to being with others, being alone had varied
associations with the momentary self-regulation subscales. Being
alone, which is not clearly more or less challenging when
it comes to self-regulation in general, was associated with
lower momentary perseverance and lower momentary sensation
seeking in the combined sample. This result may imply that
situations where an individual is alone may be a potential target
for self-regulation interventions focused on these facets of self-
regulation.

Higher momentary temptation and urge to smoke were
uniformly associated with worse momentary self-regulation in
three subscales: lower perseverance, higher self-judgment, and
lower mindfulness. Given these results in combination with
previous findings that temptation and urge are associated with
smoking likelihood (63, 64), future work should be conducted
to investigate whether the associations of temptation and urge to
smoke with smoking are mediated bymomentary self-regulation.
However, we did not see an association between momentary
self-regulation and smoking in our sample. This may reflect
the addiction component of smoking as a health risk behavior.
That is, self-regulation may play a smaller role in influencing
health risk behaviors when the behavior is more strongly driven
by a physiological addiction. If a lack of association between
momentary self-regulation and smoking is replicated in larger,
more diverse samples, this finding would have implications for
the effectiveness of smoking interventions focusing only on
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self regulation. We also did not see an association between
temptation or urge to smoke with momentary sensation seeking.
As with the smoking sample, momentary urge to binge eat—
the health risk behavior—was associated with worse momentary
self-regulation on three subscales: lower perseverance, higher
self-judgment, and lower mindfulness, again suggesting that
future studies should explore whether self-regulation is the
mechanism by which urge and temptation influence health risk
behaviors. The exception to this was that urge to binge eat was
not associated with momentary sensation seeking. This may
imply that sensation seeking plays a smaller role than the other
aspects of momentary self-regulation in binge eating. Further,
having binge eaten since the last prompt was associated with
worse momentary self-regulation in terms of lower perseverance,
higher self-judgment, and lower mindfulness, but there was no
association with sensation seeking. In contrast, having smoked
since the last prompt was not associated with any of the
momentary self-regulation subscales, which may be explained by
the smoking sample’s relatively low desire to avoid smoking on
a daily basis. Lapses in self-regulation are predicated on a desire
to avoid the health risk behavior. It is perhaps unsurprising that a
group unmotivated to refrain from smoking would have smoking
episodes that are not associated with momentary self-regulation.

Difficulty accessing cigarettes in the smoking sample and
difficulty accessing food in the binge-eating sample were each
associated with a higher level of momentary perseverance. This
may reflect that limiting access to cigarettes or food in the
smoking and binge-eating samples, respectively, results in better
self-regulation. If so, reducing access may be a strategy for
controlling the health risk behavior. It is possible that those best
at self-regulating may do so not primarily through the exercise
of willpower in individual events but instead by modifying their
environments to limit their risk exposures.

Several smoking cues, including seeing others smoke, smelling
smoke, and drinking alcohol, were associated with higher
sensation seeking; future work should test the hypothesis that
exposure to smoking cues increases the likelihood of smoking via
higher sensation seeking. Drinking alcohol and smelling smoke
were associated with higher levels of momentary self-judgment,
but it is unclear if this higher self-judgment was in response to the
smoking cue or the fact that exposure to the smoking cue resulted
in the individual smoking. We did not collect information about
whether the smoking cue exposure occurred before or after the
reported smoking episode. To the extent that they reflect cue
exposures before smoking, these findings align with previous
research on the role of smoking cues with respect to craving
and smoking (65–67) and add evidence in real-world rather than
laboratory-based contexts, where results may not be consistent
(68). In the binge-eating sample, seeing or smelling food and
momentary hunger level were not associated with any of the
momentary self-regulation subscales. These results add to the
conflicting literature on cues and binge eating, though the lack of
associations may be due in part to cue exposures both before and
after binge-eating episodes. A laboratory-based study found that
food cues increase food craving in individuals with binge-eating
disorder or bulimia nervosa (69), but a qualitative interview study
of women found that binge-eating episodes were not strongly

driven by food cues (70). In contrast to our finding of no
association, a previous EMA study of adults with obesity found
that relative to non-binge-eating episodes, binge-eating episodes
were associated with lower pre-episode hunger (71). The role of
cues in smoking and binge eating should be further explored in
real-world contexts.

While there was not a direct association between recent Laddr
use and themomentary self-regulation subscales in the combined
sample, or the smoking and binge-eating samples, recent Laddr
use modified the relationship between some of the momentary
contexts and momentary self-regulation subscales. In particular,
in the combined as well as the smoking and binge-eating
samples, some associations between location and momentary
self-regulation subscales differed by whether Laddr was recently
used. Also, in both the smoking sample and the binge-eating
sample, recent Laddr use appeared to modify some of the
relationships between challenging contexts and momentary
self-regulation. These findings demonstrate the possibility of
measuring the effects of momentary, mobile interventions in
context and at a momentary level.

Limitations
The study had several limitations. This was not a nationally
representative sample of the US; it had limited racial and
ethnic diversity and had a higher proportion of individuals
with advanced education than would be expected in a
more representative sample. Although recruitment was
conducted nationally, recruitment was also conducted in a rural,
predominately white area with both an academic medical center
and a large college. This likely influenced the distribution of
participants recruited for the study. Differences between the
smoking and binge-eating samples may reflect differences in the
general populations of individuals who smoke and individuals
who are overweight and have binge-eating disorder; however,
the distribution of some demographics indicates that the study
sample may lack generalizability to these populations in the US.
For example, while binge-eating disorder has a higher prevalence
among females (72), smoking has a slightly higher prevalence
among males in the US (73, 74). The predominance of women in
both samples is therefore most likely due to unintended sampling
and/or self-selection bias. Also, the inclusion criteria were
developed to create non-overlapping samples, so results may
not generalize to the population of individuals who smoke and
have binge-eating disorder. Additionally, measures of smoking
and binge eating were self-reported and were not validated
with breath samples or objective measures of eating. Finally,
the study was exploratory in nature, and many associations
were tested, allowing for the possibility of spurious associations.
With a 0.05 significance level, by chance, we would expect
about 2 significant results among the 40 tests of association
with momentary contexts in the combined sample, even if no
true associations existed; in the sample, 23 reached statistical
significance. Similarly, even with no true effects, we would
expect about 2–3 significant results among the 56 tests when
evaluating smoking-specific contexts in the smoking sample; in
the smoking sample, 20 reached statistical significance. With no
true effect, we would expect about 2–3 significant results among
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the 48 tests when evaluating binge-eating-specific contexts in
the binge-eating sample; in the binge-eating sample 27 tests
reached statistical significance. The same is true when the 40,
56 and 48 sample-specific context-by-Laddr interaction tests
were performed, respectively, where 1, 10, and 8 tests reached
statistical significance in the sample. The associations were not
controlled for potential confounders, and the effect sizes for
many of the associations are relatively small. Future studies
are needed to confirm the initial associations identified in the
current work.

Conclusions
Overall, this study provides preliminary evidence that
momentary self-regulation may vary in response to differing
internal and external contexts in samples from two exemplar
populations with health risk behaviors. In addition, the Laddr
intervention appears to modify some of these relationships.
Therefore, the influence of contextual factors on health risk
behaviors may occur via momentary influences on self-
regulation. Future studies of self-regulation should consider
measuring momentary self-regulation in similar and different
samples to determine the replicability of the findings, or further
explore particular types of contexts. If the results replicate, future
health behavior change interventions may wish to consider
measuring and targeting momentary self-regulation in addition
to trait-level self-regulation to better understand and improve
health risk behaviors. In the context of the larger SOBC project,
this work will be used to inform a later stage of research
focused on assessing the transdiagnostic mediating effect of
momentary self-regulation on medical regimen adherence and
health outcomes.
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