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Associations Between Dispositional Mindfulness, Craving, and Drinking in
Alcohol-Dependent Patients: An Ecological Momentary Assessment Study

Edwin H. Szeto
Uniformed Services University of the Health Sciences

Tim M. Schoenmakers, Dike van de Mheen,
and Michelle Snelleman

IVO Addiction Research Institute, Rotterdam, the Netherlands
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Hazardous alcohol use remains a significant global public health problem. A better understanding of
relapse may assist the development of new interventions. Low levels of dispositional mindfulness may
be a risk factor for craving and alcohol use, but few studies have examined these associations
prospectively in an alcohol-dependent sample. In an ecological momentary assessment (EMA) study,
Dutch alcohol dependent patients (N � 43) carried around a personal digital assistant for 4 weeks while
trying to maintain abstinence. Participants completed assessments at random times 3 times per day, and
when they felt a strong urge to drink or came to the brink of drinking without doing so. At each
assessment, stress, negative affect, craving, recent drinking, and attentional or approach bias were
assessed. Dispositional mindfulness was assessed at baseline with the Mindful Attention Awareness
Scale (MAAS). More mindful individuals (higher MAAS scores) reported lower craving than less
mindful individuals. There was no evidence that stress, negative affect, attentional bias, or approach bias
mediated the association between MAAS and craving. However, there was evidence for an indirect path
from MAAS to drinking such that higher mindfulness was associated with lower craving ratings that in
turn were associated with less drinking. There was no evidence that MAAS significantly moderated
associations between stress/negative affect/cognitive biases and craving, or between craving and drink-
ing. In sum, more mindful recovering alcohol dependent patients reported lower craving ratings than less
mindful patients, and this association appeared to be independent of stress/negative affect and cognitive
biases.
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Excessive or hazardous drinking of alcohol is a significant
public health problem both in the U.S. and worldwide (World

Health Organization, 2014). Relapse is the most common outcome
of an attempt to limit drinking, even with the use of behavioral or
pharmacology therapies (e.g., Dennis, Foss, & Scott, 2007; Weis-
ner, Matzger, & Kaskutas, 2003), and new interventions are
needed. To develop more effective interventions, a better under-
standing of craving and relapse, and the predictors of craving and
relapse, may be required. This study focuses on the relationships
between dispositional mindfulness, a possible protective factor for
alcohol use or dependence, and craving and drinking (e.g., Adams
et al., 2015; Karyadi, VanderVeen, & Cyders, 2014).

Many Western practitioners and researchers believe that mindful-
ness involves the psychological processes of attention and awareness
(Bishop et al., 2004; Brown & Ryan, 2003; Brown, Ryan, & Creswell,
2007; Shapiro, Brown, Thoresen, & Plante, 2011; Shapiro, Carlson,
Astin, & Freedman, 2006), and mindfulness has been defined as “a
receptive attention to and awareness of present events and experi-
ences” (Brown & Ryan, 2003; Brown et al., 2007). Awareness has
been described as the conscious registration of internal and external
stimuli, while attention was referred to as the initial orientation of
attention toward such stimuli. In addition to attention and awareness,
mindfulness also can refer to other processes such as observing,
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describing, nonreacting, acting with awareness, and to the quality of
those processes being nonjudgmental, curious, open, accepting, and
intentional (Baer et al., 2008).

Mindfulness may vary greatly between individuals and stay
relatively stable within individuals. Trait, or dispositional, mind-
fulness refers to an individual’s general level of mindful tenden-
cies (Brown & Ryan, 2003). Conceptualizations of dispositional
mindfulness vary between self-report measures (Brown et al.,
2007; Grossman & Van Dam, 2011). The Mindful Attention
Awareness Scale (MAAS), used in the current study, focuses on
assessing a single factor that captures the degree to which an
individual is or is not attentive and aware of his or her experiences
or surroundings (e.g., “I tend to walk quickly to get to where I’m
going without paying attention to what I experience along the
way”). A low mindful state produces habitual, automatic, or inju-
dicious patterns in thought and action (Brown & Ryan, 2003).
Most relevant here, a meta-analysis revealed a significant neg-
ative association between trait mindfulness and substance use
(i.e., higher levels of trait mindfulness are associated with lower
levels of substance use), the magnitude of which was larger for
alcohol and tobacco use than marijuana use behaviors, for
problematic (vs. nonproblematic) substance use behaviors, and
for clinical (vs. outpatient and nonclinical) samples (Karyadi et
al., 2014).

Association Between Mindfulness and Alcohol
Craving/Drinking

More specifically, research has examined the association be-
tween dispositional mindfulness and craving/drinking alcohol.
Many studies (Pearson, Brown, Bravo, & Witkiewitz, 2015; Sho-
rey, Brasfield, Anderson, & Stuart, 2014; Smith et al., 2011), but
not all (Lyvers, Makin, Toms, Thorberg, & Samios, 2014), have
reported that higher MAAS scores are associated with less drink-
ing or alcohol dependence severity, and one study reported that
different facets of mindfulness had different associations with
risky alcohol use (Brooks, Carter, McMillen, & Couillou, 2018).
Three studies have examined the association between dispositional
mindfulness (assessed using the Five Facet Mindfulness Question-
naire, FFMQ), and craving for alcohol, and reported that higher
levels mindfulness were associated with lower craving ratings
(Chakroun-Baggioni, Corman, Spada, Caselli, & Gierski, 2017;
Garland, Roberts-Lewis, et al., 2014; Karyadi & Cyders, 2015).
Chakroun-Baggioni et al. (2017) reported that three facets of
mindfulness (observation of experience, acting with awareness,
nonjudgement of experience) were univariably associated with
craving in university students (overall trait mindfulness was not
used in their analyses). Karyadi and Cyders (2015) reported a
negative association between cued alcohol craving and overall trait
mindfulness as well as three facets of mindfulness (describing
emotional experiences, acting with awareness, nonjudgement) in
high-risk undergraduate social drinkers. Garland, Roberts-Lewis,
et al. (2014) reported a negative association between craving and
trait mindfulness as well as four facets of mindfulness (nonreac-
tivity, describing, nonjudgment, acting with awareness) in a sam-
ple of individuals entering residential treatment for substance use
disorders.

Psychological Mechanisms Linking Mindfulness and
Alcohol Craving/Drinking (Mediation)

The mechanisms linking dispositional mindfulness and alcohol
addiction have not been widely examined. At a theoretical level,
dispositional mindfulness may reduce craving and drinking by
reducing stress/negative affect. Specifically, by increasing aware-
ness of mind and body (e.g., Hölzel et al., 2011), mindfulness
increases the detection of maladaptive cognitive and affective
processes. Mindfulness may enable distraction from these pro-
cesses or inhibit reactivity to those processes (Hölzel et al., 2011;
Shapiro et al., 2006). Empirically, higher MAAS scores have been
associated with lower stress and negative affect assessed in the
laboratory in dependent smokers (e.g., Waters et al., 2009; see also
Garland, Roberts-Lewis, et al., 2014). In addition, theory and data
suggest that stress and negative affect can provoke alcohol craving
and consumption through multiple mechanisms (Baker, Piper,
McCarthy, Majeskie, & Fiore, 2004; Fox, Bergquist, Hong, &
Sinha, 2007; Litten et al., 2015; Sinha et al., 2009), and modulate
information processing in a way that promotes motivation to use
drugs, to include increased levels of craving. Indeed, Adams et al.
(2015) reported that the association between MAAS score and the
likelihood of an alcohol use disorder was mediated by perceived
stress. That is, higher levels of mindfulness were associated with
lower levels of perceived stress, which in turn was associated with
a lower likelihood of an alcohol use disorder.

Given that mindfulness involves control of attentional processes
(e.g., Shapiro et al., 2006), theory suggests that mindfulness may
also exert its influence through effects on cognitive processes,
specifically attentional processes. In a systematic review, Chiesa,
Calati, and Serretti (2011) note that a causal effect of mindfulness
on selective attention and attention switching has not been defi-
nitely established, but is likely. For example, whereas no random-
ized studies have shown that mindfulness training increases selec-
tive attention and attention switching, long-term mindfulness
practitioners are better in switching and selection than nonmedi-
tating or novice controls. Most relevant to the current paper,
several studies show a relationship between dispositional mindful-
ness and attentional control in general and “attentional bias” in
addiction (Garland, Froeliger, & Howard, 2014).

An “attentional bias” to drug cues occurs when a person orients
to, and sustains attention on, drug-related cues more than neutral
cues (Field & Cox, 2008). An “approach bias” refers to the
tendency to automatically approach drug-related stimuli more than
neutral stimuli. Research has generally found that attentional bias
to drug cues is present in drug users but absent in non-drug users
(Cox, Pothos, & Hosier, 2007). A meta-analysis has revealed that
attentional bias is positively associated with craving (Field, Mu-
nafò, & Franken, 2009). Some studies have reported that atten-
tional bias to drug cues is correlated with drug use and relapse in
studies of alcohol dependence (e.g., Cox, Hogan, Kristian, & Race,
2002; Cox et al., 2007), cigarette smoking (e.g., Janes et al., 2010;
Powell, Dawkins, West, Powell, & Pickering, 2010), and cocaine
use (Carpenter, Schreiber, Church, & McDowell, 2006), but other
studies did not find this relationship (e.g., Rinck, Wiers, Becker, &
Lindenmeyer, 2018; Snelleman, Schoenmakers, & van de Mheen,
2015). For example, Snelleman et al. (2015) reported no associa-
tion between attentional bias assessed in the laboratory and subse-
quent relapse in alcohol-dependent participants that overlapped with
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the sample in the current study, and Rinck et al. reported that
change in attentional bias from baseline to posttreatment did not
predict treatment outcome. Approach bias has been shown to be
related to relapse in some studies (Eberl, Wiers, et al., 2013) but
not in others (Snelleman et al., 2015), and yet another study
reported that avoidance was predictive of relapse (Spruyt et al.,
2013). Most pertinent to the current study, Garland, Boettiger,
Gaylord, Chanon, and Howard (2012) examined the relationship
between mindfulness and attentional bias in alcohol-dependent
individuals. Individuals with higher MAAS scores exhibited less
attentional bias to alcohol cues. That is, more mindful individuals
disengaged attention from alcohol cues more readily than less
mindful individuals. In another study in alcohol dependent pa-
tients, Garland et al. (2010) found that mindfulness training de-
creased attentional bias.

Mindfulness as Moderator Variable

In sum, mindfulness may reduce drinking by reducing stress/
negative affect or cognitive biases that are themselves related to
craving and drinking. From a second theoretical perspective, mind-
fulness may also act as a moderator variable, influencing the
impact of stress/negative affect and cognitive biases when they
occur (Ostafin, Kassman, & Wessel, 2013; Ostafin & Marlatt,
2008; see also Elwafi, Witkiewitz, Mallik, Thornhill, & Brewer,
2013, and Enkema & Bowen, 2017, for evidence of moderating
effect of mindfulness treatment), possibly by decreasing reactivity
to these experiences (Hölzel et al., 2011). For example, Adams et
al. (2015) reported that mindfulness moderated the association
between perceived stress and alcohol use. Stress increased alcohol
use in participants with low levels of mindfulness but did not
increase alcohol use in participants with high levels of mindfulness
(see also Christopher, Ramsey, & Antick, 2013). Hochster, Block-
Lerner, Marks, and Erblich (2018) reported that higher disposi-
tional mindfulness weakened the association between cue-induced
craving and a behavioral economic measure of alcohol demand. In
sum, more mindful individuals may be less likely to experience
elevated stress/negative affect/craving and less likely to exhibit
elevated cognitive biases in the first place, and if elevated stress/
negative affect/craving and/or elevated cognitive biases do occur,
their impact may be diminished in these individuals.

Use of Ecological Momentary Assessment (EMA)

Most studies have examined these relationships using laboratory
assessments. Ecological momentary assessment (EMA) is a useful
approach for examining these relationships as it permits examina-
tion of both between-subjects and within-subject associations in
the natural environment. EMA has been used to study between-
subjects associations between mindfulness and emotional out-
comes. For example, Brown and Ryan (2003) reported that MAAS
scores were associated with positive emotional states, and other
EMA studies have reported that mindfulness was associated with
increased self-reported inner peace (Liu et al., 2015), improved
global emotional tone (Garland et al., 2010), and decreased emo-
tional lability (Hill & Updegraff, 2012). EMA can be used to
examine if mindfulness moderates between- and within-subject
associations between stress/negative affect/cognitive biases and
drinking, and between craving and drinking, which have been

reported using EMA. Litt, Cooney, and Morse (2000) reported that
mean urge ratings were positively correlated with proportion of
drinking days, and Todd, Armeli, and Tennen (2009) reported that
negative affect assessed in the morning predicted time to first drink
later the same day. Some EMA studies on relapse (Fatseas et al.,
2015; Litt et al., 2000), but not all (Cooney et al., 2007; Holt, Litt,
& Cooney, 2012), have reported significant associations between
craving and drinking.

To summarize, low dispositional mindfulness is a possible risk
factor for alcohol dependence and relapse. However, the mecha-
nisms underlying the influence of dispositional mindfulness in
alcohol dependence have not been extensively examined, and, to
the best our knowledge, no study has used EMA to investigate
these mechanisms. The first study aim was to examine whether
dispositional mindfulness was associated with craving and drink-
ing in alcohol-dependent individuals attempting to maintain absti-
nence assessed using EMA. We hypothesized that more mindful
individuals would report lower craving ratings and less drinking.
The second aim was to examine possible mediators of an effect of
dispositional mindfulness on craving and drinking. We hypothe-
sized that more mindful individuals would report less stress/neg-
ative affect, and/or lower attentional and approach biases, which in
turn would be associated with lower craving and drinking. The
third aim was to examine dispositional mindfulness as a moderator
variable. Specifically, high dispositional mindfulness was expected to
weaken the relationship between a) stress/negative affect and craving,
b) cognitive biases and craving, and c) craving and drinking.

Method

Participants

Participants were 43 Dutch outpatients recruited at three sites
(Leiden, Zoetermeer, Hoofddorp) of an addiction treatment facility
in the Netherlands. The inclusion criteria were (a) at least 18 years
old; (b) a diagnosis of alcohol dependence (current) as defined in
the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition, text revision (DSM–IV–TR; American Psychiatric Associ-
ation, 2000) and Section J of the Composite International Diag-
nostic Interview (Dutch version; Robins et al., 1988); (c) an
8th-grade reading level; and (d) reporting being abstinent for at
least two weeks before the first study visit of the parent study
(described later). The exclusion criteria were (a) diagnosis with an
Axis II disorder according to the DSM–IV; (b) diagnosis with a
disorder in the psychotic spectrum; or (c) regular use of other
addictive substances (except nicotine).

All procedures performed in the study were in accordance with
the ethical standards of the institutional research committee and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained from
all individual participants included in the study. The study was
approved by the Medical Ethical Committee of the Erasmus Med-
ical Center, Rotterdam, The Netherlands (MEC-2012–346).

Procedure

This study was part of a larger parent study (n � 59) examining
relapse (Snelleman et al., 2015). Recruitment occurred in an out-
patient detoxification program. Participants completed a six-week
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residential addiction treatment, attending two group therapy ses-
sions using cognitive–behavioral therapy and motivational inter-
viewing per week, in addition to pharmacotherapy. After the six
weeks of group therapy, therapists and patients decided together on
the further course of treatment: Of the 43 participants, 12 contin-
ued with group therapy and 28 switched to individual treatment.
Another 3 patients decided to terminate their treatment. In addi-
tion, 17 participants used medication (see online supplemental
materials for further details). After enrollment in the parent study,
the treatment goals could be modified, such that controlled drink-
ing could be permitted. In the current study, 41 of the 43 partici-
pants were trying to maintain complete abstinence during the study
period, and 2 were allowed to engage in controlled drinking.

Participants were given the opportunity to volunteer for the
EMA study, and 43 of the 59 participants volunteered. There were
no significant differences on age, gender, educational level, num-
ber of dependence symptoms, and use of medication (all p val-
ues �.09) between the 43 volunteers and the 16 individuals who
declined to participate. At the orientation visit for the EMA study,
eligible participants completed baseline assessments, which in-
cluded the MAAS, and the participant was trained on how to use
the personal digital assistant (PDA, model HP1920). The PDA was
programmed to signal the participants (with an audible beep) three
times a day at random times (random assessment; RA) between a
participant-determined “wake-up time” and “bed-time.” Partici-
pants could prevent the device from presenting RAs (e.g., if they
had a meeting to attend) by pressing a “suspend” button on the
PDA. RAs that were scheduled during a “suspend” were not
presented by the PDA. Participants were also instructed to com-
plete a participant-initiated assessment whenever they experienced
a temptation, defined as “an acute increase in the urge to drink or
an occasion when they felt that they came to the brink of drinking
without actually doing so” (temptation assessment; TA). At each
assessment (RA or TA), participants completed items that assessed
subjective variables (e.g., mood and craving) and drinking. After
completing these items, participants completed either an alcohol
Stroop task or an alcohol approach–avoidance implicit association
test (IAT; described later). More specifically, the program alter-
nated between presenting the alcohol Stroop task and the IAT (e.g.,
at the first assessment the alcohol Stroop would be presented, at
the second the IAT would be presented, at the third the alcohol
Stroop would be presented, etc.); it was considered too burden-
some to present both tasks at each assessment. The current article
does not report the effect of assessment type (TA vs. RA) on study
variables, which will be addressed in another article. After four
weeks, participants returned the PDA to the research team, and
received compensation for their participation (€4.45 per day, max
€125).

Measures

Baseline assessment: Dispositional mindfulness. The Mind-
ful Attention Awareness Scale (MAAS) is a 15-item self-report
survey that assessed dispositional mindfulness (Brown & Ryan,
2003). The MAAS has been described as a measure of “. . . [the]
attention, informed by a sensitive awareness of what is occurring
in the present, simply observes what is taking place” (Brown &
Ryan, 2003). The MAAS has been validated and normed in both
nonclinical and clinical samples, with a one-factor structure. Cron-

bach’s alphas have ranged from .80 to .90 (Brown & Ryan, 2003;
Carlson & Brown, 2005). The Dutch version (MAAS-D) exhibits
good reliability (alpha ranging from .81 to .87), and also has a
one-factor structure (Schroevers, Nykliček, & Topman, 2008).

EMA assessments.
Stress, negative affect, and craving. Stress was assessed using

a single item: “I feel stressed right now” (Stressed Now) on a
7-point scale (1 � not at all to 7 � extremely). The International
Positive Affect and Negative Affect—Short Form (I-PANAS-SF)
(Thompson, 2007), a 10-item assessment consisting of five nega-
tive (I-PANAS-SF-NA) and five positive (I-PANAS-SF-PA) af-
fective states, assessed affect. Participants indicated whether they
agreed with a statement (e.g., “I feel upset right now”) on a 5-point
scale (1 � not at all to 5 � extremely). In the current dataset,
Cronbach’s alpha was good for both I-PANAS-SF-PA (alpha �
.90) and I-PANAS-NA (alpha � .89). Only I-PANAS-SF-NA was
examined in the current study.

One item assessed participants’ current temptation to drink on a
7-point Likert scale: “I feel the inclination to drink right now”
(Inclined Now). Participants indicated to what degree they agreed
with this statement on a 7-point scale (1 � not at all to 7 � very
much). Craving was assessed using the item “In the past hour I felt
an urge (craving) to drink” (Craving) on a 7-point scale (1 � not
at all to 7 � very much). Responses to Inclined Now and Craving
were highly correlated (r � .91). The current article reports results
from Craving, although similar findings were obtained from the
Inclined Now item.

Drinking. One item (Drinking) assessed number of drinks
consumed since the previous assessment using the following
5-point scale: 1 � no drinks; 2 �1–2 glasses; 3 �3–4 glasses;
4 �5–6 glasses; 5 �7 or more glasses. Reports of binge drinking
(defined as an alcohol consumption of five or more standard
glasses [males] or three or more standard glasses [females] since
the previous EMA assessment) were corroborated by reports at the
weekly laboratory assessments. Overall, 16 participants were des-
ignated as having reported any drinking during the study (includ-
ing the 2 controlled drinkers), and 27 were designated as abstain-
ers. Both controlled drinkers reported that they drank 2–3 days per
week, and that they consumed a maximum of three glasses during
these days.

Cognitive assessments. The Alcohol Stroop task assesses “at-
tentional bias” to alcohol cues (Cox, Fadardi, & Pothos, 2006; see
online supplemental materials for details). A participant was pre-
sented with words in different colors on the PDA screen. The
participant was required to respond by pressing one of three
buttons on the PDA that corresponded to the color of the word (see
Waters, Marhe, & Franken, 2012). He or she was instructed to
respond as rapidly as possible to the color, and to ignore the
meaning of the word. During each alcohol Stroop task, the partic-
ipant completed a block of 33 neutral words and a block of 33
alcohol words, with order of block counterbalanced. The alcohol
Stroop effect was defined as the median reaction time (RT) on
alcohol words minus median RT on neutral words. A positive
alcohol Stroop effect reflects slower responses on alcohol words
than on neutral words, which indicates an attentional bias to
alcohol words. In the current dataset, the estimated internal reli-
ability of the alcohol Stroop effect, computed using a split-half
approach (odd and even trials), was r � .62.
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The Approach-Avoidance Implicit Association Test (AA-IAT)
assesses the degree to which a person associates drug cues with the
concept of approach. Participants were presented with words from
four different categories, in this case the following: ALCOHOL,
nonalcohol (NEUTRAL), approach, avoid. All ALCOHOL and
NEUTRAL words were presented in capital letters, whereas all
approach and avoid words were presented in lower case. The
AA-IAT involves two tasks. In Task 1, a participant is required to
respond quickly by pressing a certain PDA key for items (words)
relating to two concepts (e.g., ALCOHOL � approach), and with
a second (different) PDA key for items (words) from two other
concepts (e.g., NEUTRAL � avoid). In Task 2, the assignment of
one concept was switched such that “NEUTRAL” � “approach”
shared the same key response, and “ALCOHOL” � “avoid”
shared the other response. The idea underlying the IAT is that it is
easier to perform the IAT when the two concepts are strongly
associated in memory than when the two concepts are unrelated
(De Houwer, 2002). The IAT effect is the difference in RTs on
Task 1 versus Task 2. It can be interpreted as an index of the
relative strength of mental associations. In the example above, it
indicates whether associations are stronger between ALCOHOL and
approach, and NEUTRAL and avoid, than between NEUTRAL and
approach, and Alcohol and avoid. Higher (more positive) scores
(i.e., faster responses when ALCOHOL is paired with “approach”
compared to when ALCOHOL is paired with “avoid”) are inter-
preted as indicating an approach bias.

On each trial, a stimulus (word) was presented on the PDA
screen (in the center of the screen). Labels were on the top left and
top right of the screen to remind the participant of the categories
assigned to each key for the current task (Task 1 or Task 2). A
participant was instructed to categorize each stimulus (word) into
the appropriate category by pressing an “L” or “R” key on the
PDA as quickly and as accurately as possible. If the participant
responded correctly, the program presented the next trial, with a
150 ms interval between trials. If the participant made an error, an
“X” written in red appeared below the stimulus (word) until the
participant responded correctly. The participant was instructed to
correct his or her errors as quickly as possible.

At each AA-IAT assessment, participants completed two blocks
of Task 1 and two blocks of Task 2 (see Waters et al., 2012). The
AA-IAT was scored using the algorithm described by Greenwald,
Nosek, and Banaji (2003) to derive the IAT effect (“D score”). The
scoring algorithm divides the difference in RTs on Task 1 and 2 by
the pooled standard deviation of RTs of all trials from Tasks 1 and
2. The algorithm also eliminated assessments with RTs � 300 ms
on more than 10% of the trials. In addition, trials with RT �
10,000 ms were excluded, and RTs on incorrect responses were
replaced by the mean RT from the correct responses of the block,
plus 600 ms (Greenwald et al., 2003). Using a split-half reliability
measure (IAT D score computed from blocks 1 & 3 vs. IAT D
score computed from blocks 2 & 4) and the Spearman-Brown
correction, the estimated internal reliability of the IAT effect (D
score) was r � .76.

Analytic Plan

Linear Mixed Models (LMMs) were used in primary analyses.
SAS PROC MIXED was used for continuous outcomes assumed
to be normally distributed in the population (conditional on model

covariates), and SAS PROC GLIMMIX was used for binary,
ordinal, or non-normal outcomes. LMMs can handle the fact that
1) data are clustered by participant, and 2) participants have
different numbers of assessment. As is typical for analyses of
EMA data, each LMM had two levels: Subject (level 2) and
Assessment (level 1; Bolger & Laurenceau, 2013). Each LMM
used a random intercept, and, for the R matrix, an autoregressive
model of order 1 for the residuals within subjects (continuous
outcomes). All LMMs included Day of Study (continuous vari-
able) and Assessment Type (TA vs. RA) as level 1 covariates. As
expected, Assessment Type was associated with Inclined Now
(PE � 0.98, SE � 0.24, p � .0002) and Craving (PE � 0.84, SE �
0.23, p � .001); Assessment Type was not associated with MAAS
(p � .95). Age and gender were both included as level 2 covariates
in all models as MAAS has been positively associated with age in
multiple studies of heavy alcohol users (e.g., Adams et al., 2015;
Lyvers et al., 2014; Shorey, Gawrysiak, Anderson, & Stuart,
2015), and studies reported that women have higher MAAS scores
than men (Lyvers et al.,2014; Shorey et al., 2014; see online
supplemental materials for consideration of other level 2 covari-
ates). For all models, the parameter estimate provides an (unstan-
dardized) measure of effect size. All tests used � � .05, and were
2-tailed.

To Test MAAS as a predictor variable, MAAS was entered as an
independent variable into an LMM. To test mediation, for concep-
tual simplicity each mediator (Stress, Negative Affect, Stroop,
IAT) was tested in a separate model using “single-equation” meth-
ods (Kline, 2015, p. 233). Using Baron and Kenny’s (1986)
terminology, analyses provided estimates of a and b paths (see
online supplemental materials for details). To Test MAAS as a
moderator variable, MAAS was entered in an LMM, along with a
second independent variable (Stress, Negative Affect, Stroop, IAT,
or Craving) and the interaction term between MAAS and the
second independent variable. In all cases, the moderation models
involve a level 2 moderator (MAAS) influencing the relationship
between two level 1 variables (i.e., a 2 � (1 ¡ 1) model).
Analyses tested both between-subjects moderation and within-
subject moderation (Preacher, Zhang, & Zyphur, 2016; see online
supplemental materials for details).

Results

All 43 participants provided at least one week of EMA data, and
39 (90.7%) completed all four weeks (see Table 1 for summary
statistics). Overall, the 43 participants provided PDA data on an
average of 26.07 days (SD � 7.09) and initiated 2,020 assessments
(1,870 RAs; 150 TAs). The mean time of day for assessments was
3:38 p.m. (SD � 4.61 hr); 36.29% occurred before 1:00 p.m.;
27.67% occurred between 1:00 p.m. and 7:00 p.m., and 36.04%
occurred after 7;00 p.m. Pearson correlations between MAAS and
mean scores on EMA variables is reported in Table S2 (online
supplemental materials).

Participants reported not drinking (since the previous assess-
ment) on 89.95% of assessments. Of the 43 participants, 6 reported
non-abstinence at baseline. Those 6 participants reported contin-
ued drinking during the study. Of the 37 abstinent at baseline, 35
set a goal of maintaining complete abstinence during the study
period, and, as noted above, 2 reported attempting to be “con-
trolled drinkers.” Of the 35 participants attempting to remain
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abstinent, 8 reported at least one drink during the study, and 27
reported complete abstinence. Of the 8 participants who reported
some drinking, 6 reported at least one binge episode, and 2
reported occasional drinking.

Aim 1: Association Between MAAS and
Craving/Drinking

MAAS scores were significantly associated with Craving rat-
ings, F(1, 1974) � 5.64, PE � �0.43, SE � 0.18, p � .02 (see
Figure 1), but not Drinking, F(1, 1974) � 2.59, PE � �0.18, SE �
0.11, p � .11 (see online supplemental materials for additional
analyses), when controlling for all other variables (Age, Gender,
Day, Assessment Type) in the model. As MAAS scores increased
by 1 unit, predicted Craving scores decreased by 0.43 units.

Aim 2: Tests of Mediation

We tested whether participants with higher MAAS scores re-
ported less stress/negative affect assessed, and whether stress/
negative affect assessed was associated with lower Craving ratings
and Drinking assessed. Table 2 reports coefficients for the perti-
nent a paths and b paths. As can be seen, the a paths (a1) for the

association between MAAS and stress, and between MAAS and
negative affect, were not significant. Therefore, according to the
Baron and Kenny (1986) causal steps approach to testing media-
tion, there was no evidence for mediation through stress/negative
affect. We also estimated the indirect effect (using multilevel path
analysis in MPlus Version 8). The indirect effect was not signif-
icant for either “MAAS ¡ Stress ¡ Craving” or “MAAS ¡

Negative Affect ¡ Craving” (see Table S3, online supplemental
materials).

We also tested whether participants with higher MAAS scores
reported lower attentional and approach biases (alcohol Stroop
task and IAT), which in turn will be associated with lower Craving
ratings and drinking alcohol assessed. As can be seen, the a paths
(a1) for the association between MAAS and attentional bias/
approach bias were not significant, and the paths from attentional
bias/approach bias to craving were also not significant. Therefore,
there was no evidence that attentional bias or approach bias me-
diated an effect of MAAS on Craving or Drinking.

MAAS may reduce Craving ratings, which in turn reduce Drink-
ing. For mediation to occur via this pathway, the a2 path needs to
be significant, as does the b2 path (Figure S1). The values for a2
and b2 vary according to which mediator (Stress, Negative Affect,
Attentional Bias, Approach Bias) is included in the model. How-
ever, as shown in Table 3, in all cases that included all 43
participants the a2 and b2 paths were significant. Therefore, there
is evidence that the indirect path from MAAS to Craving to
Drinking is significant.

To examine this mediation pathway (MAAS ¡ Craving ¡

Drinking) in further detail, we used multilevel path analysis in
MPlus Version 8 to examine the significance of the a2.b2 path (see
online supplemental materials). Using this approach, the indirect path
a2.b2 was significant (indirect effect � �0.394, 95% CI
[�0.789, �0.073], p � .008, 1-tailed; Table S3).

Aim 3: MAAS as Moderator Variable

In a 2 � (1 ¡ 1) design, the moderator may plausibly influence
the between-subjects association and/or the within-subject associ-
ation (Preacher et al., 2016; see online supplemental materials).
Therefore, Table 3 reports the results of the between-subjects
moderation (Mean scores) and within-subject moderation (Devia-
tion scores) separately. For both between- and within-subjects,
there was no evidence that MAAS scores moderated the associa-

Figure 1. Association between MAAS and Craving.

Table 1
Summary Statistics

Variable n1 n2 Mean/% SD Min Max

Baseline data
Age (years) n/a 43 48.47 10.82 25 56
Gender n/a 43

Male 69.77%
Female 30.23%

Education n/a 43
High school 25.58%
Vocational education 25.58%
Community college 27.91%
University 16.28%
Other 4.65%

Smoking
Yes n/a 43 65.12%
No 34.88%

Baseline MAAS (1–6) n/a 43 3.94 .91 1.73 6.00
Compliance data�

Number RAs completed n/a 43 43.99 20.03 3 75
Compliance on RAs (%) n/a 43 71.29 20.95 24.14 100.00
Number TAs completed n/a 43 3.49 4.66 0 21
Total number assessments

completed n/a 43 46.98 20.08 5 91
EMA Data

Inclined Now (1–7) 2020 43 1.77 1.50 1 7
Craving (1–7) 2019 43 1.78 1.50 1 7
Drinking (1–5) 2019 43 1.23 .78 1 5
Stress (1–5) 2018 43 1.52 .84 1 5
Negative affect (1–5) 2019 43 1.41 .67 1 5
Alcohol stroop effect (ms) 1037 42 15.42 99.01 �378.00 610.50
IAT (D Score) 931 43 �.021 .47 �1.48 1.40

Note. MAAS � Mindful Attention Awareness Scale; RA � Random
Assessment; TA � Temptation Assessment; N1 � number of assessments
(Level 1); N2 � number of subjects (Level 2). Participants were recruited
from three locations: Leiden (n � 19), Zoetermeer (n � 14), and Hoofd-
dorp (n � 10).
� Four participants did not complete the four-week protocol but provided
partial data.
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tion between stress/negative affect and Craving ratings, or the
association between Stroop/IAT and Craving ratings. Similarly,
there was no evidence that MAAS moderated the association
between Craving ratings and Drinking. In supplementary analyses,
for both between- and within-subjects, there was no evidence that
MAAS scores moderated the association between stress/negative
affect and Drinking, or the association between Stroop/IAT and
Drinking (supplemental Table S4).

Discussion
The main findings of this study were as follows. First, in

individuals being treated for alcohol dependence, higher levels of
dispositional mindfulness, assessed by the MAAS, were associated
with lower levels of craving ratings, but not drinking, during an
attempt to maintain abstinence. Second, there was no evidence that
stress, negative affect, attentional bias, or approach bias mediated
the relationship between mindfulness and craving or drinking.

Table 2
Results of LMMs for Aim 2

Path ¡ IV2

a b

DV Path n1 n2 df PE SE F p df PE SE F p

Mediation
MAAS Stress a1 2018 43 1,1973 �.08 .11 .65 .42 n/a n/a n/a n/a n/a
MAAS NA a1 2019 43 1,1974 �.12 .09 1.59 .21 n/a n/a n/a n/a n/a
MAAS Stroop a1 1037 42 1,993 3.74 4.55 .68 .41 n/a n/a n/a n/a n/a
MAAS IAT a1 931 43 1,886 �.05 .06 .56 .45 n/a n/a n/a n/a n/a
MAAS Craving a2a 2019 43 1,1974 �.36 .17 4.69 .03 n/a n/a n/a n/a n/a
MAAS Craving a2b 2019 43 1,1973 �.36 .18 4.10 .04 n/a n/a n/a n/a n/a
MAAS Craving a2c 2009 42 1,1974 �.34 .18 3.53 .06 n/a n/a n/a n/a n/a
MAAS Craving a2d 2019 43 1,1974 �.41 .18 5.00 .03 n/a n/a n/a n/a n/a
Mean Stress Craving a3 2019 43 1,1974 .72 .25 8.53 .004 n/a n/a n/a n/a n/a
Mean NA Craving a3 2019 43 1,1973 .58 .29 4.10 .04 n/a n/a n/a n/a n/a
Mean Stroop Craving a3 1009 42 1,1965 .002 .006 .13 .71 n/a n/a n/a n/a n/a
Mean IAT Craving a3 2019 43 1,1974 .42 .47 .81 .37 n/a n/a n/a n/a n/a
Mean Stress Drinking b1 2019 43 n/a n/a n/a n/a n/a 1,1974 �.17 .11 2.21 .14
Mean NA Drinking b1 2019 43 n/a n/a n/a n/a n/a 1,1973 �.19 .12 2.44 .12
Mean Stroop Drinking b1 2009 42 n/a n/a n/a n/a n/a 1,1965 .002 .003 .39 .53
Mean IAT Drinking b1 2019 43 n/a n/a n/a n/a n/a 1,1973 .22 .18 1.45 .23
Mean Craving Drinking b21 2019 43 n/a n/a n/a n/a n/a 1,1974 .50 .07 55.27 .001
Mean Craving Drinking b22 2019 43 n/a n/a n/a n/a n/a 1,1973 .48 .06 58.69 .001
Mean Craving Drinking b23 2009 42 n/a n/a n/a n/a n/a 1,1965 .44 .07 45.20 .001
Mean Craving Drinking b24 2019 43 n/a n/a n/a n/a n/a 1,1973 .44 .06 52.27 .001

Note. n1 � number of assessments; n2 � number of subjects; PE � parameter estimate; SE � standard error; F � F value from LMM. Covariates were
Age, Gender, Day, and Assessment Type (TA vs. RA) (parameter estimates for covariates not shown). a1 paths reflects paths from MAAS to primary
mediator (MAAS ¡ Stress, MAAS ¡ Negative Affect, MAAS ¡ Stroop, or MAAS ¡ IAT). a2 path reflects paths from Mediator to Craving (Stress ¡
Craving, Negative Affect ¡ Craving, Stroop ¡ Craving, or IAT ¡ Craving). b1 path reflects paths from Mediator to Drinking independent of Craving
(Stress ¡ Drinking, Negative Affect ¡ Drinking, Stroop ¡ Drinking, or IAT ¡ Drinking). b2 path reflects paths from Craving to Drinking independent
of mediator (Craving ¡ Drinking); Bold numbers indicate statistical significance.
a When Stress is in the model. b When NA is in the model. c When Stroop is in the model. d When IAT is in the model.

Table 3
Results of LMMs for Aim 3

DV ¡ IV2

Craving Drinking

n1 n2 df PE SE F p df PE SE F p

MAAS as Moderator
MAAS � Mean Stress 2018 43 1,1936 .03 .39 .01 .93 n/a n/a n/a n/a n/a
MAAS � Deviation Stress 2018 43 1,1935 �.07 .10 .47 .49 n/a n/a n/a n/a n/a
MAAS � Mean NA 2019 43 1,1932 �.18 .36 .22 .64 n/a n/a n/a n/a n/a
MAAS � Deviation NA 2019 43 1,1932 �.09 .20 .18 .67 n/a n/a n/a n/a n/a
MAAS � Mean Stroop 1037 42 1,955 �.002 .008 .08 .78 n/a n/a n/a n/a n/a
MAAS � Deviation Stroop 1037 42 1,955 �.0005 .0004 1.58 .21 n/a n/a n/a n/a n/a
MAAS � Mean IAT 931 43 1,944 �.90 .62 2.10 .15 n/a n/a n/a n/a n/a
MAAS � Deviation IAT 931 43 1,944 �.14 .13 1.13 .29 n/a n/a n/a n/a n/a
MAAS � Mean Craving 2019 43 n/a n/a n/a n/a n/a 1,1893 �.08 .07 1.25 .26
MAAS � Deviation Craving 2019 43 n/a n/a n/a n/a n/a 1,1892 �.002 .02 .01 .93

Note. n1 � number of assessments; n2 � number of subjects’; PE � parameter estimate; SE � standard error; F � F value from LMM. Covariates are
Age, Gender, Day, Assessment Type (TA vs. RA). Coefficients for Day and Assessment Type were fixed. Coefficients for the Deviation scores were
random. When Drinking was used as a DV, Craving ratings were lagged such that they occurred before the Drinking ratings, and the lagged value of the
Drinking was included in the model.
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However, there was evidence for an indirect effect from mindful-
ness to craving to drinking, such that higher levels of mindfulness
were associated with lower levels of craving, which in turn were
associated with lower levels of drinking. Last, there was no evi-
dence that mindfulness moderated the association between stress/
negative affect and craving, between cognitive biases and craving,
or between craving and drinking.

To the best of our knowledge, this is the first study to report a
prospective association between dispositional mindfulness and
craving in a sample of individuals being treated specifically for
alcohol dependence. In cross-sectional studies, Chakroun-Baggioni et
al. (2017) and Karyadi and Cyders (2015) reported an association
between trait mindfulness and craving in college students, and Gar-
land, Roberts-Lewis, et al. (2014) reported an association between
trait mindfulness and craving in a sample of individuals entering
treatment for substance use (47% had received a diagnosis of alcohol
dependence, but results were not presented by subgroup). Because
MAAS was significantly associated with craving but not drinking in
the current study, one may wonder whether the association between
MAAS and craving is more robust than the association between
MAAS and drinking in this population. However, interpretation is not
straightforward as the low drinking rate may have made it more
difficult to detect associations with drinking due to restricted range.
For example, 27 subjects were designated as abstinent and therefore
reported no drinking. More concretely, there was less variability in
drinking data than craving data. For example, mean drinking scores
had a standard deviation that was just over half the standard deviation
of mean craving scores (not shown in Table 1).

As noted above, there was no evidence that stress, negative
affect, attentional bias, or approach bias mediated the relationship
between mindfulness and craving or drinking. Indeed, the data beg
the question as to how MAAS may reduce craving independent of
stress and negative affect. It is possible that the association be-
tween MAAS and craving is mediated by psychological processes
not assessed in the current study, such as a detached perspective
(Ruscio, 2012; Shapiro et al., 2006), reappraisal (Garland, Roberts-
Lewis, et al., 2014), or social anxiety (Clerkin, Sarfan, Parsons, &
Magee, 2017). There may be some attribute of craving that is
particularly sensitive to dispositional mindfulness. Craving has
certainly long been a target for mindfulness-based interventions
(Tapper, 2018), and it is possible that targets of interventions such
as present moment awareness and acceptance, or even nonspecific
working memory/extinction processes (Tapper, 2018), may play a
role in dispositional mindfulness. Interestingly, Garland, Roberts-
Lewis, et al. (2014) also reported an association between trait
mindfulness and craving that was independent of negative affect
(as well as reappraisal and readiness to change). Another issue is that
craving ratings had more variability than stress ratings, perhaps due to
the presence of temptation assessments. The standard deviation of
mean stress scores was 0.67, which compares with the standard
deviation of the mean craving rating of 1.20 (not shown in Table 1).
Therefore, the greater variability of craving (vs. stress) may have
made it easier to detect an association with MAAS scores.

The data reveal evidence of an indirect effect from MAAS to
craving to drinking (MAAS ¡ Craving ¡ Drinking) that occurs in
the absence of a significant total effect (MAAS ¡ Drinking).
Although counterintuitive, this pattern of data (i.e., presence of a
significant indirect effect, a.b, together with a nonsignificant total
effect, c path) can occur due to relative power of tests (Kenny &

Judd, 2014; see also O’Rourke & MacKinnon, 2018). Specifically,
Kenny and Judd (2014) note that “the test of a and b very often has
more power than tests of both c and c=” (p. 337). Karyadi and
Cyders (2015) reported that the association between trait mindful-
ness and problematic alcohol use was mediated by cued craving in
high-risk undergraduate drinkers, although in Karyadi and Cyders
the c path was also significant.

The findings for the moderation analysis yielded no evidence for
moderation either between or within subjects. For the within-subject
moderation analyses, one should note that the use of random coeffi-
cients may have rather low power in cases where few subjects show
variability in the IV or DV (e.g., drinking). Future research using
larger sample sizes is required to examine between- and within-
subject moderation. In addition, from a theoretical perspective, and
from the perspective of maximizing power, there may be value in
examining the moderating effects of mindfulness in a population that
reports greater variability in drinking, particularly regarding the mod-
eration of within-subject associations involving drinking. Alterna-
tively, one could monitor the participants for a longer period, which
may enable more drinking episodes to be detected.

The study had limitations. First, the relatively small sample size
(for level 2 units) and relatively low variability in some measures
may have limited power for detecting between-subjects associa-
tions, as well as moderation effects. Second, the data are correla-
tional. It is not known whether higher dispositional mindfulness
causes lower craving ratings. Relatedly, it is possible that an
unmeasured third (level 2) variable is responsible for the associ-
ation between mindfulness and craving (e.g., Chakroun-Baggioni
et al., 2017). Third, a relatively large number of hypotheses were
tested, which increases the probability of making a Type I error
when alpha is fixed at .05. With regard to Aims 2 and 3, the
examination of multiple mediation and moderation analyses with-
out correction of alpha means that the data should be considered as
hypothesis-generating, to be followed up by confirmatory studies.
Fourth, participants self-selected into the study, which reduces
generalizability and may introduce bias.

Fifth, as is most commonly done, mindfulness is measured by
self-report. Thus, an assumption of the methodology is that indi-
viduals’ perception of attentiveness correlates with their actual
attentiveness; on an individual level, this may not be the case
(Grossman & Van Dam, 2011). Sixth, dispositional mindfulness
was measured with a single-factor scale. Recent clinical studies
involving dispositional mindfulness have increasingly recognized
its multidimensional nature (Baer, Smith, Hopkins, Krietemeyer,
& Toney, 2006; Baer et al., 2008). More specifically, the MAAS
does not capture the acceptance component of mindfulness (Sauer
et al., 2013) nor nonjudgmental awareness (Baer et al., 2006), and
only allows investigation of mechanisms involving a specific
aspect of mindfulness, namely mindful attention and awareness.
Pertinent to the current study, there is evidence that nonjudging,
one of the facets of the FFMQ, may be more strongly associated
with substance abuse than other facets of mindfulness (Karyadi et
al., 2014). Moreover, in a sample of undergraduate students, Os-
tafin and Marlatt (2008) reported that nonjudging, one of the facets
of the FFMQ, weakened the positive association between approach
bias and hazardous drinking. Nonetheless, the MAAS shares vari-
ance with other mindfulness assessments (Siegling & Petrides,
2014; see also Bergomi, Tschacher, & Kupper, 2013) and has been
previously used in EMA studies.
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Seventh, the data only speak to dispositional mindfulness, and
therefore may not reflect mindfulness attained through “training” (Li,
Howard, Garland, McGovern, & Lazar, 2017; Tapper, 2018), such as
that attained by skilled practitioners. Stated simply, mindfulness that
results from mindfulness training may have very different effects than
dispositional mindfulness assessed in unselected individuals. For ex-
ample, Davis et al. (2018) reported that the effect of Mindfulness-
Based Relapse Prevention (MBRP) on substance use outcomes was
partially mediated by stress, and Enkema and Bowen (2017) reported
that formal mindfulness practice using MBRP moderated the associ-
ation between craving and substance use.

A strength of the study is that it is one of a few EMA studies to
be conducted in this understudied population. A second strength
was the inclusion of both self-report and cognitive assessments
using EMA. One should note that scores on the cognitive assess-
ments were not strongly associated with drinking at the between-
subjects level (Table S2), although this does not preclude associ-
ations with outcomes at the within-subjects level. Third, examination
of multilevel moderation permitted a comprehensive analysis of mod-
eration hypotheses (Preacher et al., 2016).

In sum, more mindful recovering alcohol dependent patients
reported lower craving ratings than less mindful patients in the
field, and this association appeared to be independent of stress/
negative affect and cognitive biases. Furthermore, there was evi-
dence for a between-subjects association between mindfulness and
drinking through craving. To better understand this relationship,
further research should examine other mediators of the relationship
between dispositional mindfulness and craving/drinking.
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