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Abstract

Objectives When experiencing negative mood, people often eat to improve their mood. A learned association between mood
and eating may cultivate frequent food cravings, detracting from health goals. Training in mindful eating may target this
cycle of emotion-craving-eating by teaching individuals to manage urges when experiencing negative mood. We examined
the impact of a mobile mindful eating intervention on the link between negative mood and food cravings among overweight
women.

Methods In a single-arm trial, participants (n =64, M age =46.1 years, M BMI=31.5 kg/m?) completed ecological momen-
tary assessments of negative mood and food cravings 3 times/day for 3 days pre- and post-intervention, as well as 1-month
post-intervention. Using multilevel linear regression, we compared associations between negative mood and food craving
strength at pre- vs. post-intervention (model 1) and post-intervention vs. 1-month follow-up (model 2).

Results In model 1, negative mood interacted with time point (= —.20, SE=.09, p=.02, 95% CI [—.38, —.03]) to predict
craving strength, indicating that the within-person association between negative mood and craving strength was significantly
weaker at post-intervention (f=0.18) relative to pre-intervention (f=0.38). In model 2, negative mood did not interact with
time point to predict craving strength (f=.13, SE=.09, p=.10, 95% CI—.03, .31]); the association did not significantly
differ between post-intervention and 1-month follow-up.

Conclusions Training in mindful eating weakened the mood-craving association from pre- to post-intervention. The weakened
association remained at follow-up. Our findings highlight the mood-craving link as a target-worthy mechanism of mindful
eating that should be assessed in clinical trials.

Trial Registration NCT02694731

Keywords Negative mood - Craving - Meating - Ecological momentary assessment
Food cravings are defined as frequent, intense desires to con-

sume certain types of food (Weingarten & Elston, 1990).
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loss interventions (Mason et al., 2018), yet the mechanisms
through which we can successfully reduce cravings remain
unclear.

Cravings for highly palatable foods are difficult to change
because they are deeply rooted in learned behavioral pro-
cesses (Brewer et al., 2018; Epstein et al., 2007). Specifi-
cally, eating in response to negative mood is a conditioned
and reinforced response. In this sense, emotional and crav-
ing-related eating share the feature of negative affect as a
trigger. For example, negative emotions often precede food
cravings and dietary lapses follow (Carels et al., 2001).
Data also suggest that negative emotions precede binge eat-
ing episodes (Haedt-Matt & Keel, 2011). A key difference
between emotional and craving-related eating is the specific-
ity of food consumed; in emotional eating, individuals seek
palatable foods in general, whereas in craving-related eating,
individuals focus on specifically craved foods (Weingarten
& Elston, 1990). Additionally, people who self-identify as
addicted to chocolate report that cravings for chocolate arise
more often in response to mood than to hunger (Hethering-
ton & MacDiarmid, 1993). In these contexts, eating highly
palatable food that one craves in response to negative mood
may serve the short-term goal of improving mood (Corsica
& Spring, 2008; Ventura et al., 2014), but over time, this
learned association between negative mood and food crav-
ings will detract from longer term health goals (e.g., weight
loss and metabolic health).

Affective regulation models have been well-validated
among adults with binge eating (i.e., consumption of an
objectively large amount of food + the experience of loss
of control over eating). Binge eating overlaps significantly
with craving-related eating (Ng & Davis, 2013), although
researchers have arguably examined binge eating in greater
detail given its clinical severity. The affect model of binge
eating describes the importance of negative emotional expe-
riences in triggering eating episodes (Arnow et al., 1995;
Heatherton & Baumeister, 1991; Polivy & Herman, 1993;
Telch & Agras, 1996). Binge eating occurs during times
of distress, when individuals lack skills to adaptively cope
with affective states, and binge eating becomes the primary
means of coping to relieve emotional distress. Empirical data
have supported this model, including studies that utilize eco-
logical momentary assessment of affective triggers (Agras
& Telch, 1998; Haedt-Matt & Keel, 2011; Telch & Agras,
1996; Whiteside et al., 2007).

From a reinforcement learning perspective, a negative
mood may trigger food cravings. Satisfying food cravings by
eating the craved food may provide negative reinforcement
(i.e., removal of negative mood; Bouton, 2011). A relief in
negative mood after eating increases the likelihood of expe-
riencing a food craving and eating in response when expe-
riencing a negative mood (Skinner, 1963). This feedback
loop can result in increased non-homeostatic appetite and
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overeating that serve to regulate mood, but ultimately lead
to weight gain and obesity (Singh, 2014). Negative mood
may be a driver of food cravings (and in recent data, cravings
for sugar-sweetened beverages) as a learned behavior (Falbe
et al., 2019). The link between mood and cravings may serve
to maintain dysregulated eating behavior during times of dis-
tress. Therefore, efforts to manage or reduce craving-driven
eating must target the learned cycle between negative mood
and food craving.

Mindfulness-based approaches have shown promise as a
treatment modality for adults with food cravings. They aim
to cultivate a non-judging awareness of experiences in the
present moment and promote greater self-regulation (Brown
et al., 2007). General mindfulness-based interventions
reduce stress reactivity (Hoge et al., 2013) and emotional
and binge eating (Sala et al., 2020). Recent cross-sectional
work suggests that acting with mindful awareness weakens
associations between emotional and binge eating severity
(Barnhart et al., 2021).

Training in mindful eating may be an effective way to
target these negatively reinforced food cravings by clarifying
automatic behavior that follows from a learned association
between negative mood and food cravings. Mindful eating
involves non-judgmentally paying attention to an eating
experience with all five senses and noticing emotional and
physical responses before, during, and after eating (Kristel-
ler & Wolever, 2010). Mindful eating interventions empha-
size awareness of emotional triggers of food cravings and
the re-learning of adaptive habits. For example, the mindful-
ness-based eating awareness training (MB-EAT; Kristeller
& Wolever, 2010) program teaches individuals to cultivate
greater awareness of emotional states and external triggers
(e.g., stress) with the goal of interrupting dysfunctional
cycles of emotional eating (Kristeller et al., 2014). Mind-
fulness-based approaches that specifically incorporate mind-
ful eating techniques have shown promise in reducing binge
eating (Godfrey et al., 2015), specifically the frequency and
the severity of eating episodes (Kristeller & Hallett, 1999;
Kristeller & Wolever, 2010; Kristeller et al., 2014).

Training in mindful eating is of particular interest because
it may continue to impart benefits after the intervention has
ended. For example, across several mindfulness-based inter-
ventions tailored for eating behavior, participants often con-
tinue improving on outcomes for several weeks or months
after completing the program. For example, participants in
a combined mindfulness and cognitive behavioral therapy
program maintained significant reductions in binge eating
and dieting three months post-intervention (Woolhouse
et al., 2012). Research using the MB-EAT intervention has
also established sustainable effects on eating behavior four
months post-intervention (Kristeller et al., 2014).

Although mindful eating interventions generally have a
beneficial impact on eating behaviors, we still do not know
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if training in mindful eating exerts its effects by breaking
the link between negative mood and food cravings. For
example, one large randomized controlled trial that incor-
porated elements of MB-EAT found significant reductions
in the consumption of sweets (Mason, et al., 2016a, b) and
reward-driven eating (Mason, et al., 2016a, b). The authors
also saw improvements in metabolic health in the interven-
tion (compared to active control) group (Daubenmier et al.,
2016). Several other mindful eating interventions report sim-
ilar results (e.g., Beshara et al., 2013; Jordan et al., 2014).
Unfortunately, these interventions were not delivered with
a modality that allowed researchers to measure daily-level
associations between negative mood and craving, which are
critical in identifying the role of this potentially mechanistic
link.

Negative mood and food cravings are dynamic processes
that fluctuate over time within individuals. The momen-
tary nature of these processes and how they influence each
other require assessment methodology that can capture the
micro-temporal relationship between variables of interest
(Shiffman et al., 2008). Ecological momentary assessment
(EMA) examines daily behavior and psychological states of
individuals in their natural environment (Stone & Shiffman,
1994). Using in-the-moment assessment tools by which par-
ticipants complete ratings about their current state, EMA
methods provide prospective and ecologically valid data
on participants in their daily living environment. Reporting
on affect and behavior close in time to real-world experi-
ences minimizes recall bias and offers improved reliability
over retrospective questionnaires and interviews (Bolger &
Laurenceau, 2013). By allowing repeated measures over
time, EMA is well-suited to capture variability over time
and assess how negative mood and food cravings relate to
each other throughout the day (Smyth et al., 2009; Wegner
et al., 2002).

Studies utilizing EMA methods have reported links
between negative affect and eating (Haedt-Matt & Keel,
2011). For example, in a study where participants used
palmtop computers to answer questions about eating and
emotions several times a day, they reported a decrease in
positive mood immediately preceding binge eating episodes
(Munsch et al., 2012). Another study asked participants who
endorsed binge eating disorder to rate their mood on 32 ran-
domized occasions per day in addition to before, during,
and after eating, using a portable minicomputer (Hilbert
& Tuschen-Caffier, 2007). Self-reported mood was signifi-
cantly more negative preceding binge eating episodes than
it was prior to normal eating episodes. As demonstrated by
these studies, EMA proved a useful assessment tool to assess
the assocation between mood and cravings throughout the
day (Haedt-Matt & Keel, 2011). However, no studies have
tested daily mood as a predictor of food cravings within the
context of a mindful eating intervention.

Mason and colleagues (2018) developed a mobile mindful
eating intervention that targets links between negative mood
and cravings, called Eat Right Now and daily assessment
methods that would allow for exploration of mechanism. The
intervention trains participants in mindful eating and offers
specific eating and food craving meditations (Mason et al.,
2018). The program offers participants tools to aid in mind-
fully “riding out” food cravings as they occur in the context
of emotional triggers. In a single-arm trial of Eat Right Now,
participants’ food cravings and overeating behavior were sig-
nificantly reduced one month following intervention comple-
tion (1-month follow-up; Mason et al., 2018). Elucidating
how this mindful eating intervention impacts a link between
negative mood and food cravings at the daily level would
clarify the importance of targeting this link using mindful-
ness interventions. Specifically, by learning whether this
mindful eating intervention weakens this link, researchers
can better tailor mindful eating interventions to capitalize
on daily fluctuations in mood.

These analyses used data collected via EMA to test
whether individuals report stronger food cravings when they
also experience greater negative mood, and if this within-
person association changes following a mindful eating inter-
vention. We hypothesized that, using multilevel models at
the within-person level, (1) greater negative mood would be
associated with stronger food cravings before the interven-
tion (model 1), (2) this association would be significantly
weaker at post-intervention than at pre-intervention (model
1), and (3) this association would be significantly weaker
one-month post-intervention (follow-up) than at post-inter-
vention (model 2).

Method
Participants

Participants learned of the study through social media out-
lets, UCSF campus-wide email digests, and targeted physical
letters to UCSF patients. We invited prospective participants
to complete a web-based screening survey (www.qualtrics.
com) and a pre-intervention text message assessment period
to verify eligibility. Eligible participants were women aged
at least 18 years with a BMI of 25 or greater, did not have
diabetes (per self-report), had a smartphone operating iOS or
Android, experienced food cravings most days of the week,
and ate in response to cravings more often than desired (self-
report), responded to at least 7 of 9 text messages during
the pre-intervention eligibility period, and reported at least
3 instances of craving-related eating in these text message
assessments. We opted for these inclusion criteria to ensure
that we recruited the population of interest: Individuals who
experience frequent food cravings that they find problematic.
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The initial target sample of 105 participants (Mason et al.,
2018) was based off of a previously completed power analy-
sis, estimated to predict a 30% reduction in frequency of
craving-related eating.

On average, participants were 47.8 + 14.4 years old and
had a BMI of 30.8 +4.1 kg/m?. Of the participants, 9.4%
identified as Asian or Asian American, 4.7% identified as
non-Hispanic Black or African American, 72% identified
as non-Hispanic White or Caucasian, 10.9% identified as
Hispanic or Latino/a, and 3.1% identified as a non-Hispanic
member of another racial/ethnic background.

Procedures

Study Design We analyzed data from the Eat Right Now
trial (Mason et al., 2018), which deployed an app-based
mindful eating intervention (ClinicalTrials.gov registra-
tion: NCT02694731). This was a single-arm, unmasked
trial (phase IIA) that assessed participants at pre- and post-
intervention, and one-month post-intervention completion.
Participants completed a 28-lesson self-paced smartphone-
delivered intervention targeting craving-related eating using
mindful eating practices and completed daily text message
assessments of mood and food cravings at pre-intervention,
post-intervention, and 1-month follow-up. Study design
and methods are reported in detail elsewhere (Mason et al.,
2018). The University of California, San Francisco (UCSF)
Institutional Review Board, approved all study procedures.
All participants provided informed consent.

Screening To ensure that we enrolled participants who
experienced problematic food cravings, we first asked pro-
spective participants two self-report questions, “Do you have
food cravings most days of the week?”” and “Do you eat in
response to food cravings more than you wish you did?”
Individuals responded yes or no to these questions. If they
responded yes to both, we sent them 3 SMS text messages
each day for 3 days asking about craving-related eating. To
be eligible, participants needed to report at least 3 instances
of craving-related eating during this period. These proce-
dures allowed us to ensure that we were recruiting partici-
pants who experienced problematic food cravings that they
wished to change. We collected weight and height from
eligible participants at the baseline visit to calculate BMI.
Eligible participants attended an in-person baseline assess-
ment at UCSF where they completed self-report measures
and height and weight assessments to complete eligibility
determination.

Study Participation If determined eligible at the in-person
baseline visit, participants installed the mindful eating inter-
vention. Participants completed the intervention at their
own pace (see “Intervention Stucture and Content”) and on
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average completed the intervention in 47 days. Participants
completed EMA assessments via SMS text messages three
times per day over three days over the course of one week
pre-intervention, one week immediately post-intervention,
and one week at 1-month follow-up (see “Measures”). Par-
ticipants completed an in-person post-intervention assess-
ment at which they again completed self-report measures
and height and weight assessments. Participants completed
self-report measures online at 1-month follow-up.

Intervention Structure and Content Eat Right Now is a
theory-driven, self-paced, smartphone-delivered mindful
eating intervention targeting the experience of cravings and
craving-related eating. Participants completed lessons over
a minimum of 28 days, with one new lesson becoming avail-
able each day. Participants accessed one 5- to 10-min mod-
ule per day and each module contained a video lecture with
animations and straightforward guidance as to how to prac-
tice mindful eating principles. Modules for future days were
locked to prevent skipping, yet participants could review
previous modules with unlimited access. The intervention
was self-paced, which allowed participants to spend addi-
tional time consolidating their new knowledge, practicing
mindfulness skills, or using the in-app tools prior to starting
the next module.

The intervention content focused on mindful eating, as
well as habit formation, behavioral management, existing
with cravings, loving-kindness, curiosity, strategizing, and
reinforcing concepts. Course materials taught participants
to attend to three aspects of eating: why, what, and how.
Why they eat, which included emotional triggers unrelated
to homeostatic hunger; What types of food are most likely to
lead to and reinforce cravings; and How to eat with mindful
attention to physiological cues in the presence of difficult
emotions. The ERN intervention presented content in the
form of brief daily videos that narrate key concepts of mind-
ful eating (see Mason et al., 2018, for overview of the ERN
intervention).

Participants could also access to tools to help them man-
age food cravings. For instance, the “Stress Test” consisted
of short mindfulness exercise that encouraged participants
to check in with their bodies and observe and current feeling
states. They received feedback about whether symptoms they
endorsed were most consistent with stress, a habit-driven
urge to eat, or homeostatic hunger. The app then provided
relevant suggestions (e.g., to eat mindfully, or use a mind-
fulness exercise to ride out a craving). Another tool was the
“Want-O-Meter” button, which guided individuals through
a craving. Based on individuals’s responses, they were then
funneled to additional tools, such as the RAIN (Recognize,
Accept, Investigate, and Note) exercise, which aims to teach
individuals how to mindfully respond to food cues, affec-
tive states, and food cravings and promotes separating the
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experiences of food cravings and eating in response to them.
Participants could choose to eat with awareness in response
to a craving—the app provided a specific mindful eating
exercise.

Participants could set reminders to check in with their
hunger and emotional state, to use mindfulness skills, and
to track progress towards goals. After completing 28 mod-
ules, all tools and modules remained available indefinitely to
participants to support ongoing mindful eating. We designed
this intervention to help individuals incorporate the didac-
tic content and mindful eating practices into their everyday
activities and eating routines.

Measures

EMA Measures We collected EMA measures over one-week
periods during eligibility, at pre- and post-intervention, and
at 1-month follow-up. We sent participants SMS text mes-
sages at 11:30 AM, 4:30 PM, and 9:00 PM for 3 days spread
over the course of each week (2 weekdays and 1 weekend
day). We opted for two weekdays and one weekend day in an
effort to assess participants on workdays and non-workdays,
and we selected these times of day so as to be outside of
somewhat typical mealtimes (before lunch, before dinner,
and after dinner). Each text message contained a link (www.
qualtrics.com) to a short web-based survey. EMA measures
included the following:

Negative Mood We measured negative mood using the
following question: “What is the worst you’ve felt in the
past hour?” Participants responded on a visual analog scale
ranging from O to 100 with three qualitative anchors: very
bad (left anchor), okay (middle anchor), very good (right
anchor). We rescaled raw scores to a 1-10 interval and
recoded this variable so higher scores indicated greater
negative mood (Bolger & Laurenceau, 2013).

Food Craving Strength We measured food cravings using
the following question: “Have you had a craving for a food
or drink in the past hour?” Participants responded on a visual
analog scale ranging from 0 to100 with three qualitative
anchors: not at all (left anchor), somewhat (middle anchor),
very much (right anchor). We rescaled raw scores to a 1-10
interval with higher scores indicating greater food cravings.

Covariates Because of previously reported associations
between age, race/ethnicity, and food cravings (Abdella
et al., 2019; Chao et al., 2014), we adjusted for these vari-
ables in adjusted analyses (results from unadjusted mod-
els are presented in Supplementary Material). Participants
self-reported their age (years) and their ethnicity (Hispanic
or Latino/Latina (yes/no) plus racial category that best

described themselves from pre-selected options: Asian or
Asian American, Black or African American, White, Native
American or Eskimo, Pacific Islander, Hispanic or Latino/
Latina, or Other. We collapsed race and ethnicity questions
into a dichotomous variable coded as 0 (non-White) and 1
(non-Hispanic White).

Data Analyses

Variable Preparation To facilitate interpretation of the inter-
cept in the analyses, we grand-mean centered (Singer & Wil-
lett, 2003) scores on the negative mood variable by subtract-
ing the mean across participants and time points from each
score. Because we collected repeated assessments per partic-
ipant, data could vary within person (across assessments) or
could be averaged to a score that varies between people. To
focus on the within-person variation, we prepared the nega-
tive mood scores for multilevel analysis by separating this
variation. We created a between-person variable (between
negative mood) by averaging the grand-mean centered scores
across time points (i.e., each participant had one negative
mood score for pre- and post-intervention, and follow-up).
We created a within-person variable (within negative mood)
by subtracting the between negative mood scores from the
grand-mean centered scores. This removed the portion of
the grand-mean centered scores that differed between par-
ticipants and left us with the portion that differed by assess-
ment (within person). While we assumed between- and
within-person variances in food craving strength, it was not
necessary to manually calculate, as SPSS decomposes the
variance of the dependent variable by default into between-
and within-person components. Thus, the model coefficients
represent associations among negative mood and food crav-
ing strength at each level separately (i.e., the between nega-
tive mood coefficients show associations among between-
person negative mood and between-person food cravings).
We examined data missingness, frequencies, distributions,
skewness, and kurtosis for each study variable.

Data Selection Prior evidence from this trial suggested that
completing the intervention within three months conferred
greater clinical improvement. Those who completed the
intervention within three months (“timely completers”), lost
approximately 2 pounds (r=2.41, p=0.019), and the faster
they completed the intervention, the weaker they reported
their cravings to be (Mason et al., 2018). Thus, we examined
only the 64 participants (82%) who completed the interven-
tion within three months (“timely completers”).

Statistical Analyses We tested our hypotheses that (1)
greater negative mood would be associated with stronger
food cravings before a mindful eating intervention and that
this association would be significantly weaker after the
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intervention (model 1; pre-post), and that (2) the positive
association between greater negative mood and stronger
food cravings at one-month post-intervention would be fur-
ther weakened relative to post-intervention (model 2; post-
follow-up). To test these hypotheses, we used multilevel
linear regression models (linear mixed modeling command
in SPSS 25.0; IBM Corp, 2017; Singer & Willett, 2003).
We analyzed EMA data within a hierarchical structure: we
clustered multiple observations (level 1) within participants
(level 2). Before analyses, we examined the ICC value for
food cravings (0.14), which indicated support for multilevel
analysis (Singer & Willett, 2003).

Our models specified a within-person association
between negative mood and food cravings that we predicted
would be weaker at post-intervention when compared with
pre-intervention and weaker at follow-up when compared
with post-intervention. Thus, we conducted two unadjusted
models: one comparing pre-intervention (coded as 0) and
post-intervention (coded as 1), and one comparing post-
intervention (coded as 0) and one-month post-intervention
(coded as 1). In adjusted models, we included race/ethnic-
ity (0=non-White, 1 =non-Hispanic White) and age (mean
centered) as covariates in each model.

In model 1 (pre-post), the parameters of interest were
within negative mood (within-person association between
negative mood and food cravings at pre-intervention) and
the interaction between within negative mood and time point
(the difference in the negative mood-food craving slope
between pre- and post-intervention time points). In model 2
(post-follow-up), the parameter of interest was the interac-
tion among within negative mood and time point (the differ-
ence in the negative mood-food craving slope between post-
intervention and follow-up time points). For these analyses,
we allowed intercepts and the within negative mood slope

to vary randomly. We assumed the presence of autoregres-
sive effects from one assessment to the next, and therefore
included a first-order autoregressive term (AR, [1]) in the
repeated measures model.

Results
Completeness

Participants completed up to 27 assessments (3 assessments
per day for 3 days pre-intervention, post-intervention, and
at follow-up). There were 107 (6.6%) observations missing,
for a total of 1621 EMA observations. Less than 7% of cases
were missing data on the analyzed variables, and Little’s
Missing Completely at Random Test (Little, 1988) demon-
strated that the data were missing completely at random,
)(2= 1847.59 (1881), p=0.70. Therefore, we used listwise
deletion in our analyses. We identified multivariate outliers,
with the use of Mahalanobis distance, in less than 0.11% of
all data points. Although there were no apparent time trends
in the data based on visual inspection, we included in the
model a centered version of time (number of assessments).

Univariate Statistics and Bivariate Correlations

Table 1 includes the mean, standard deviation, skewness,
kurtosis, and bivariate correlations for negative mood and
food cravings at each time point. Descriptive statistics
across participants and time points for negative mood were
M=4.85, SD=2.14, and range 1-10 and for food crav-
ings were M =4.85, SD=2.92, and range 1-10. Descrip-
tive statistics at each time point indicated that, on average,

Table 1 Univariate statistics
and bivariate correlations

Negative mood

Food cravings

among negative mood and food Pre Post FU Pre Post FU
cravings across participants and
time points Negative mood pre -
Negative mood post 15%* -
Negative mood FU 13%* 24%% -
Food cravings pre 28%* .04 .07 -
Food cravings post .01 145%% .06 15%* -
Food cravings FU —.12% .08 19%* 2% 28%* -
Mean 517 4.78 4.58 5.54 4.56 443
SD 2.19 2.11 2.07 2.95 2.88 2.78
Skewness -0.05 0.25 0.36 -0.17 0.18 0.11
Kurtosis -0.48 -048 -0.19 -1.19 -1.24 -1.36

Note. N=64 participants, 27 assessments (9 pre-intervention, 9 post-intervention, 9 follow-up), 1621
observations. Statistics are presented in aggregate. Pre, pre-intervention; Post, post-intervention; FU, one-

month follow-up
“p<.01, ¥p<.001
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participants reported moderate negative mood and food crav-
ings based on the sample range. Generally, Pearson corre-
lations ranged from small to medium (e.g., 0.01 to 0.28)
with most correlations being small. Correlations between
negative mood and food cravings at concurrent time points
were positive and statistically significant at all time points,
with the strength decreasing at post-intervention. Impor-
tantly, all univariate measures of skewness and kurtosis
were between — 2 and + 2, which permitted the use of normal
theory maximum likelihood estimation.

Hypothesis Testing

Model 1: Associations Among Negative Mood and Food
Cravings from Pre- to Post-intervention

Within-person negative mood was significantly related to
food cravings at pre-intervention (f=0.38, 95% CI [0.23,
0.53], p<0.001; see Table 2) such that greater negative
mood was associated with stronger food cravings. Consist-
ent with our hypothesis, there was a significant interaction

among negative mood and time point (within negative mood
by time point under fixed effects in Table 2). The interaction
term (= —0.20, 95% CI [—0.38,—-0.03], p=0.021) repre-
sents the difference in slopes from pre- to post-intervention
and shows that the association among negative mood and
food cravings was significantly lower at post-intervention.

Specifically, at the within-person level, the post-interven-
tion slope was f=0.18 (calculated by adding the interac-
tion estimate from the within negative mood estimate). Note
that because the analysis model included the within- and
between-person forms of negative mood, results for this
hypothesis cannot be artifacts of between-person differences
in average negative mood over the pre- and post-intervention
EMA periods. Figure 1 panel A shows fitted regression lines
for each participant at pre- and post-intervention with grey
fitted lines for the average participant. Visual inspection of
the grey lines indicated that the slope for the association
between negative mood and food cravings is less steep at
post-intervention than at pre-intervention.

As seen in Fig. 1 (panel A), there was substantial
between-person variability in slopes and intercepts at both

Table 2 Parameter estimates
for multilevel model 1: food
craving as a function of

negative mood at pre- and post-
intervention

Fixed effects (intercept, slope) Estimate (SE) I pb 95% CI
Lower Upper
Intercept 5.23 (0.29) 17.92 <.001  4.65 5.81
Within negative mood 0.38 (0.08) 4.96 <.001 0.23 0.53
Time point (pre-post)° —-0.89 (0.19) —-4.77 <.001 —-1.26 -0.52
Within negative mood by time point -0.20 (0.09) -2.31 021 -0.38 —0.03
Between negative mood 0.44 0.21) 2.11 .038 0.03 0.85
Between negative mood by time point ~ —0.38 0.21) —-1.82 .070 —0.80 0.03
Non-Hispanic whited 0.28 (0.33) 0.84 40 -0.39 0.95
Age —0.00 0.01) -0.02 .98 -0.02 0.02
Random effects ([co-]variances) Estimate (SE) b4 pb 95% CI¢
Lower Upper
Level 2 (between person)
Intercept 0.78 (0.25) 3.16 .002 0.42 1.45
Within negative mood 0.13 0.05) 279 .005 0.06 0.26
Intercept and within negative mood 0.02 0.07) 022 .83 —0.13 0.16
Level 1 (within person)
Residual 6.94 (0.34)  20.66 <.001 631 7.63
Autocorrelation 0.14 (0.04) 3.88 <.001 0.07 0.21

Note. N=64 participants, 18 assessments (9 pre-intervention, 9 post-intervention), 1074 observations. Pre,
pre-intervention; Post, post-intervention

*We took a conservative approach to specifying degrees of freedom; these were based on the number of
participants (N =64) rather than the number of observations (N=1074)

PAll p-values are two-tailed except in the case of variances, where one-tailed p-values are used (because
variances are constrained to be non-negative)

“Time point is coded 0 for pre-intervention and 1 for post-intervention

dNon-Hispanic white is coded 0 for participants who self-identified as not white and 1 for participants who

self-identified as non-Hispanic white

¢Confidence intervals (CI) for variances were computed using the Satterthwaite method (see Littell et al.,

2006)
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Post-Intervention

Pre-Intervention

Food Cravings
o

Negative Mood

Panel A

Fig. 1 Food craving as a function of negative mood at pre- and post-
intervention (panel A) and as a function of negative mood at post-
intervention and follow-up (panel B). Note. Panel A: Spaghetti plots
of average (grey) and participant-specific (black) regression lines
for food cravings as a function of negative mood at pre- (left) and
post- (right) intervention. The graphs display fitted estimates from

pre- and post-intervention. The lower panel of Table 2 pre-
sents numerical estimates and statistical tests of that vari-
ability. These are reported as variances and covariances.
Expressed as standard deviation, the variation for within-
person negative mood slopes is 4/0.13 = 0.36 units, which,
assuming a normal distribution in the population, implies
that approximately 95% of the population are within+2.0
*0.36 = +0.72 units of the typical value at pre- and post-
intervention. Accordingly, the model predicts that par-
ticipants at pre-intervention have a 95% range of slopes of
0.38+0.72=—-0.34 to 1.1. The model predicts that par-
ticipants at post-intervention have an equivalent range from
0.18+0.72 = —0.54 to 0.90. The unadjusted model yielded
identical patterns of statistical significance (Table S1 in Sup-
plementary Material).

Model 2: Association Among Negative Mood and Food
Cravings from Post-intervention to Follow-up

Greater within-person negative mood was still significantly
related to food cravings at post-intervention (f=0.19, 95% CI
[0.04, 0.35], p=0.016; see Table 3). Contrary to our hypoth-
esis, in the model comparing post-intervention and follow-
up, there was no significant interaction among negative mood
and time point (within negative mood by time point under
fixed effects in Table 3), suggesting no statistically signifi-
cant difference between the association between food crav-
ing and negative mood at post-intervention vs. at follow-up.
Specifically, the interaction term (f=0.14, 95% CI [-0.03,
0.31], p=0.10) represents the difference in slopes from post-
intervention to follow-up and shows that the association among

@ Springer

Post-Intervention Follow-Up

Food Cravings

Negative Mood

Panel B

the mixed effects model 1. Panel B: Spaghetti plots of average (grey)
and participant-specific (black) regression lines for food cravings as
a function of negative mood at post-intervention (left) and follow-up
(right). The graphs display fitted estimates from the mixed effects
model 2

negative mood and food cravings was not significantly differ-
ent at follow-up.

Figure 1 panel B shows fitted regression lines for each
participant at post-intervention and follow-up with grey fitted
lines for the average participant. Visual inspection of the grey
lines supports the conclusion that the slope for the association
between negative mood and food cravings is not significantly
different at follow-up compared to post-intervention.

Figure 1 panel B again shows substantial between-person
variability in slopes and intercepts at both post-intervention
and follow-up. The lower panel of Table 2 presents numeri-
cal estimates and statistical tests of that variability. These
are reported as variances and covariances. Expressed as
standard deviation, the variation for within-person nega-
tive mood slopes is again 4/0.13 = 0.36 units, which,
assuming a normal distribution in the population, implies
that approximately 95% of the population are within+2.0
*0.36 = +0.72 units of the typical value at post-inter-
vention and follow-up. Accordingly, the model predicts
that participants at post-intervention have a 95% range of
slopes of 0.19+0.72= —0.53 to 0.91. The model predicts
that participants at follow-up have a similar range from
0.33+0.72= —0.39 to 1.05. The unadjusted model yielded
identical patterns of statistical significance (Table S2 in Sup-
plementary Material).

Discussion

We examined changes in the association between negative
mood and food cravings before and after a smartphone-
delivered mindful eating intervention. We hypothesized
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Table 3 .Parameter estimates Fixed effects (intercept, slope) Estimate (SE) I ph 95% CI
for multilevel model 2: food
craving as a function of negative Lower Upper
mood at post-intervention and
follow-up Intercept 4.07 0.31) 13.33 <.001 3.46 4.68
Within negative mood 0.19 (0.08) 2.44 .016 0.04 0.35
Time point (post-FU)* -0.12 (0.16) -074 46 —0.44 0.20
Within negative mood by time point 0.14 0.09) 1.63 .10 -0.03 0.31
Between negative mood 0.14 0.21) 0.67 Sl —-0.28 0.56
Between negative mood by time point ~ —0.26 (0.18) —-140 .16 —0.62 0.10
Non-Hispanic whited 0.67 (0.35) 1.92 .060 —-0.03 1.39
Age 0.00 0.01) 0.01 .99 -0.02 0.02
Random effects ([co-]variances) Estimate (SE) z P’ 95% CI°
Lower Upper
Level 2 (between person)
Intercept 1.08 0.27) 3.95 <.001 0.66 1.77
Within negative mood 0.13 0.04) 3.00 .003 0.07 0.25
Intercept and within negative mood 0.01 0.08) 0.14 .89 -0.14 0.16
Level 1 (within person)
Residual 6.18 0.29) 21.52 <.001 5.64 6.77
Autocorrelation 0.04 (0.04) 1.00 32 -0.03 0.10

Note. N=64 participants, 18 assessments (9 post-intervention, 9 follow-up), 1077 observations

Post, post-intervention; FU, one-month follow-up

#We took a conservative approach to specifying degrees of freedom; these were based on the number of
participants (N =64) rather than the number of observations (N=1077)

PAll p-values are two-tailed except in the case of variances, where one-tailed p-values are used (because
variances are constrained to be non-negative)

“Time point is coded O for post-intervention and 1 for follow-up

4Non-Hispanic white is coded 0 for participants who self-identified as not white and 1 for participants who

self-identified as non-Hispanic white

®Confidence intervals (CI) for variances were computed using the Satterthwaite method (see Littell et al.,

2006)

that greater negative mood would be associated with greater
craving strength before the intervention and that this associa-
tion would be significantly weakened at post-intervention,
and further weakened at one-month follow-up. In support
of our first hypothesis, we found that greater negative mood
was significantly associated with greater food cravings at
pre-intervention and that this association was significantly
weaker at post-intervention (model 1). In contrast, we found
that this association did not significantly differ between one-
month follow-up and post-intervention (hypothesis 2, model
2). Thus, training in mindful eating did reduce the positive
within-person association between negative mood and food
cravings, but this link did not continue to weaken one month
after intensive training ended. This suggests there may be
room for optimizing the intervention approach to achieve
further decline in relation between mood and cravings fol-
lowing training.

According to the NIH-developed ORBIT model (Cza-
jkowski et al., 2015) of developing behavioral health inter-
ventions, results reported here represent a key step in the

process of behavioral health intervention development. The
ORBIT model outlines steps for developing behavioral treat-
ments that include clearly defining intervention targets and
conducting preliminary testing to ensure those targets are
engaged. This paradigm changed the way behavioral treat-
ments are developed and optimized by emphasizing the
analysis of target engagement to determine the mechanisms
through which an intervention works before it is tested in
more rigorous trials. In these analyses, we found a link
between negative mood and food cravings, and further add-
ing to the literature, we found in model 1 that uncoupling
this link was a key target engaged by the intervention. Thus,
model 1 results suggest that our intervention works in part
by targeting the learned cycle between negative mood and
food cravings. Future phases of this work should examine
change in clinical outcomes, such as weight.

The intervention we tested in these analyses may have
been effective in engaging the association between mood and
craving through its training in skills for coping with negative
emotions (e.g., sadness and anger) and explaining how poor
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coping can be tethered to overeating (Bodell et al., 2019).
These skills may involve identifying patterns of eating in
response to mood, and encourage coping skills such as medi-
tation, social support, and other stress-reduction strategies.
In one such tool called the Stress Test, participants complete
a short mindfulness exercise that encourages them to check
in with their body to determine if specific symptoms are
present. Then, they receive feedback on whether these symp-
toms are consistent with stress, habit, or homeostatic hunger,
and are given a suggestion to address the relevant symptom.
As such, individuals disambiguate and “relearn” which spe-
cific body and mindstates are indicative of homeostatic vs.
hedonic (i.e., eating for pleasure) hunger. By teaching skills
to adaptively identify and cope with emotional difficulties,
this intervention assists participants with frequent food crav-
ings by helping them to identify automatic, learned crav-
ing tendencies when experiencing a negative mood—and to
respond appropriately (eating when signaled by homeostatic
hunger, and working with cravings and emotions when sig-
naled by hedonic cues; Beccia et al., 2020).

Future intervention refinement efforts might focus on
enhancing these lessons to maximally target the mood-crav-
ings link in an adequately powered RCT design. Qualitative
data that examines the utility of these modules in reducing
the mood-eating link may contribute to future refinement
(e.g., Beccia et al., 2020). For instance, to what extent did
participants find modules on self-monitoring and existing
with cravings helpful in coping adaptively with cravings?
Engaging participants in focus groups around this topic is an
important future direction. Analyzing target engagement and
uncovering the mechanisms that underpin the intervention’s
effects will allow researchers to hone mindful eating inter-
vention components to yield an optimized treatment. Bec-
cia and colleagues (2020) recently conducted a focus group
among women with binge or emotional eating, who partici-
pated in a version of the Eat Right Now program. To better
understand participants’ experiences, they asked questions
such as, “How do you learn to exist with triggers for eating
rather than acting upon them?” and “How do you know that
you have ‘shifted gears’ (from increasing awareness of one’s
eating and triggers for eating, to observing emotional out-
comes, to learning not to act on emotional triggers).” They
found mindful eating empowered participants to make posi-
tive choices about food, eating, and coping, without focusing
on weight outcomes. This may be one mechanism through
which mindful eating training can reduce problematic crav-
ing-related eating.

We also hypothesized that mindful eating training would
continue to impart benefits after the intervention ended.
Results from model 2, however, did not suggest our hypoth-
esized further weakening of this link. Given the length of
the intervention relative to how long these eating patterns
had been established and repeatedly reinforced, it is not
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surprising that individuals may show initial gains, yet with-
out a supported engagement, and may not overcome deeper
layers of well-grooved habit patterns, preventing further pro-
gress. This highlights the need for a consideration of ways
to promote improvement after the intervention ends, such
as booster or bonus content (Schlup et al., 2009), should
an individual wish to further improve their abilities to cope
with food cravings. Future research should carefully con-
sider the additional benefit of integrating further interven-
tion components and design trials that allow for evaluation
of individual treatment components.

It is notable that the benefits realized at post-intervention
held at follow-up as longer term maintenance of behavioral
intervention effects is challenging to achieve (Dombrowski
et al., 2014; Douketis et al., 2005; Norris et al., 2016). Future
research may further optimize maintenance of behavior
change following from this intervention by assessing addi-
tional intervention components that specifically target main-
tenance, such as online community forums wherein indi-
viduals can provide support to each other (Lord et al., 2018).

This mobile intervention offers many benefits compared
to traditional in-person interventions. Notably, the current
global COVID-19 pandemic has highlighted the importance
of developing mobile interventions for health behavior
change (Figueroa & Aguilera, 2020). Mobile intervention
delivery lifts barriers specific to in-person interventions,
such as scheduling, travel, and time commitment (Covolo
et al., 2017). With rapid adoption of smartphones and dimin-
ishing socioeconomic disparities in smartphone ownership
(Pew Research Center, 2019), mobile interventions such as
the one tested here may hold promise for cost-effective dis-
semination to remote and underserved populations (Covolo
et al., 2017; Syed et al., 2013). In addition, the mobile format
is well-suited to be integrated into the daily lives of users,
potentially enabling access to behavioral support tools with
greater ease and frequency compared to in-person interven-
tions (Covolo et al., 2017; Free et al., 2013). This may be
particularly relevant for behaviors that involve repeated,
ongoing maintenance to achieve desired health benefits,
such as eating behavior, for which individuals may benefit
from being able to engage with intervention tools in real
time upon recognizing potential triggers of unhealthy eating.

This intervention targets unwanted food cravings and
craving-related eating behavior, rather than weight loss
and dietary adherence, and therefore may be an important
approach for a significant subset of the population with
overweight and obesity for whom diet interventions often
fail. For example, many individuals may have had failed
dieting attempts because of underlying dysregulated eating
behavior (cravings) that standard diet interventions did not
sufficiently attend to (Franz et al., 2007; Meule et al., 2012,
2017). Mindfulness-based interventions, such as the cur-
rent one, may be particularly beneficial above and beyond
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standard weight loss programs because they target underly-
ing dysregulated eating behavior (Radin et al., 2020). It is
also plausible that the weakening of the mood-craving link
could be a mechanism of change among populations with
binge or emotional eating, which researchers have posited
exist along a continuum (Vainik et al., 2015). Mindfulness-
based eating interventions have shown promise in reducing
problematic overeating on the more severe end (binge eat-
ing; Godfrey et al., 2015). However, researchers have yet to
focus on uncovering treatment mechanisms at varying levels
of problematic overeating. These gaps highlight the need to
better assess mechanisms of change in mindfulness-based
interventions for non-homeostatic eating, such as problem-
atic overeating.

Limitations and Future Research

These analyses do have limitations that suggest future
directions. These analyses included self-report data; how-
ever, we used daily-level data (ecological momentary
assessment methods) which reduce recall bias. Future
work could introduce a behavioral measurement of food
cravings, such as presenting food in a laboratory eating
paradigm and assessing cravings in the moment as a more
objective assessment. We also sent EMA text message
prompts to participants at the same time of day each day.
Future research could personalize the time surveys are sent,
randomize the time surveys are sent, and/or allow partici-
pants to initiate survey completion. This would allow par-
ticipants to complete survey measures in the moment when
they experience a negative mood or experiencing a food
craving. Our study used a small sample size; however, this
approach is aligned with the Science of Behavior Change
recommendations for feasibility studies and testing treat-
ment mechanisms (Science of Behavior Change, 2020).
Although participants were able to continue using the app
after the intervention, we did not track whether partici-
pants were practicing mindful eating during the one-month
follow-up period or how they were engaging with the app.
Finally, our study targeted only one predictor of craving
(affect), given strong mechanistic support for an affect-
craving association (Haedt-Matt & Keel, 2011; Heatherton
& Baumeister, 1991). However, there are multiple deter-
minants of non-homeostatic eating such as the availability
of highly rewarding, highly processed food (Elliston et al.,
2017). Future interventions may identify other predictors
and develop assessment and intervention components to
optimize treatment. Although our trial was not adequately
powered to perform sub-group analyses, future work should
seek to explore the moderating role of trait-level eating on
the momentary links between affect and cravings.

The present study established a mechanistic affective
pathway through which a smartphone-delivered mindful

eating intervention reduces food cravings. This theory-
driven intervention grounded in an operant conditioning
model of eating behavior was effective in engaging nega-
tive mood and craving targets and reducing their learned
association post-intervention. Although this link did
not further weaken between post-intervention and one-
month follow-up, we did see a maintenance effect (lack of
change between post-intervention and one-month follow-
up), suggesting that future intervention refinements may
be needed to achieve further reductions. Taken together,
previous analyses identified feasibility and acceptability
of this intervention in a targeted sample with overweight
and high in food cravings (Mason et al., 2018) and the pre-
sent analyses have further clarified treatment mechanisms.
Future research should seek to refine the intervention and
test the effects in an RCT with an adequately matched
control group.
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