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Abstract
Objectives Mindfulness training for smoking cessation may work by lessening the association between craving and smoking.
However, no studies have tested whether baseline craving may be an indicator of individual smokers who might benefit more
from receiving mindfulness training.
Methods This study evaluated baseline craving strength and frequency as treatment moderators in a randomized controlled trial
for smoking cessation comparing mobile (smartphone-based) mindfulness training plus ecological momentary assessment
(MMT-EMA) to ecological momentary assessment (EMA). Participants included 325 adult smokers (71.7% female; 81.4%
White; mean age = 41.27). Craving strength and frequency were assessed with the Craving Experiences Questionnaire.
Smoking was measured as cigarettes per day (CPD) at baseline and six-month follow-up. Moderated regression models were
conducted.
Results There was a significant interaction between treatment group and craving strength, but not craving frequency, in the
prediction of smoking. Follow-up analyses indicated that baseline craving strength predicted benefit from receivingMMT-EMA,
such that higher craving strength at baseline was significantly associated with greater reductions in CPD from baseline to six
months in the MMT-EMA group, but not in the EMA group.
Conclusions Findings suggest that baseline craving strength may be a prognostic marker of benefit from smartphone app-
delivered mindfulness training for smoking cessation. Future work is warranted for understanding baseline craving as a moder-
ator of mindfulness training for smoking cessation.

Keywords Mindfulness . Smoking cessation . Craving . Smartphone app . Ecological momentary assessment

One in ten deaths is attributed to tobacco use worldwide
(Reitsma et al. 2017). In the USA, 15.1% of the population
or 36.5 million people are current cigarette smokers, with
75.7% or 27.6 million of these being daily smokers (Jamal

et al. 2018). Finding strategies to help smokers quit remains
of critical importance.

Several meta-analytic reviews indicate that mindfulness-
based programs (MBPs) may be promising for smoking cessa-
tion (Goldberg et al. 2017; Li et al. 2017; Maglione et al. 2017;
Oikonomou et al. 2017). Mindfulness is commonly defined as
the process of bringing non-judgmental awareness to present-
moment experience (Kabat-Zinn 2005). MBPs for smoking
cessation emphasize formal training in mindfulness meditation
to enhance one’s ability to notice and accept challenging inter-
nal experiences, such as negative affect and craving (Bowen
et al. 2010; Bowen and Marlatt 2009; Brewer et al. 2011).

Standard behavioral treatments for smoking cessation fo-
cus on helping smokers avoid situations that trigger craving
and practice distraction or substitution when cravings occur.
MBPs, on the other hand, focus on helping smokers
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experience and attend to craving without smoking, which is
theorized to disrupt the core underlying associative learning
processes that initiate and perpetuate smoking behavior. For
example, mindfulness training is intended to foster new asso-
ciative learning related to craving experiences, such as learn-
ing that cravings can be felt and experienced as they are with-
out engaging in smoking. This new learning can then compete
with existing associations (i.e., this craving will not go away
or will get worse unless I smoke or distract myself). While
avoiding cues and using substitute behaviors may reduce the
frequency of craving and prevent smoking in response to crav-
ings, these strategies may not foster new core learning about
cravings and may leave an individual prone to relapse when
they have a craving in the future and an adequate substitution
or distracting activity is not immediately available. Hence,
because MBPs focus on helping smokers experience and at-
tend to cravingwithout smoking,MBPs for smoking cessation
are hypothesized to work by lessening the association between
craving and smoking (Brewer et al. 2013; Levin et al. 2015).

Preliminary studies from our group provide support for the
reduced association between craving and smoking as a mech-
anism of change in MBPs for reduced smoking. In one recent
study, we found that smartphone app-based mindfulness train-
ing for smoking cessation (the Craving to Quit app) lessened
the association between craving and smoking to a greater ex-
tent than a control app (Garrison et al. 2018). Although this
did not lead to a reduction in smoking with smartphone app-
based mindfulness training as compared to control, it may
support smoking cessation in the longer term. This finding
was in line with an earlier study of in-person mindfulness
training for smoking cessation, in which we found that in-
creased engagement in daily mindfulness practice lessened
the association between craving and smoking following mind-
fulness training (Elwafi et al. 2013). Furthermore, in that trial,
in-person mindfulness training was found to significantly re-
duce smoking compared with control (Brewer et al. 2011).
Moreover, there is evidence that mindfulness practice attenu-
ates the link between craving and substance use among indi-
viduals receiving MBPs for alcohol and other drug use disor-
ders (Enkema and Bowen 2017).

Importantly, understanding the mechanisms underlying
MBPs can assist in the identification of individuals who might
benefit most from receiving MBPs. Given the hypothesized
mechanism underlying MBPs for smoking cessation, it stands
to reason that smokers who experience higher levels of craving
may benefit more from MBPs. In addition, our recent trial of
smartphone app-based mindfulness training for smoking cessa-
tion found that completing a greater number of modules in the
mindfulness training program lessened the positive association
between craving strength and smoking, but not between craving
frequency and smoking (Garrison et al. 2018). These findings
also suggest that MBPs for smoking cessation might be partic-
ularly effective for smokers who experience strong craving.

To date, there is limited empirical knowledge on which
types of smokers may benefit more or less from MBPs. To
our knowledge, no studies have evaluated whether baseline
craving moderates the efficacy of MBPs for smoking cessa-
tion. In the current study, we tested baseline craving strength
and frequency as treatment moderators in our recent trial of
the Craving to Quit app for smoking cessation (Garrison et al.
2018). In that trial, there were no significant group differences
in smoking outcomes between those who received the
Craving to Quit app versus the control app (Garrison et al.
2018). However, greater mindfulness training module com-
pletion was associated with a reduced association between
craving strength and smoking among those receiving
Craving to Quit. Therefore, the current study tested the a priori
hypothesis that baseline craving strength would moderate the
effect of Craving to Quit on smoking, such that smokers with
higher baseline craving strength would benefit more relative
to smokers with lower baseline craving strength.

Method

Participants

Participants included 325 adult smokers who were a part of
the modified intent-to-treat (ITT) sample in the parent study
(Garrison et al. 2018) defined by completing at least 1 day of
treatment. Eligibility criteria included 18–65 years of age,
smoking > 5 cigarettes per day, < 3 months of abstinence from
smoking in the past year, own a iPhone/Android smartphone,
and motivated to quit as evidenced by at least 8/10 on the
Contemplation Ladder (Biener and Abrams 1991) and at least
4/5 on the Action item of the Readiness to Change
Questionnaire (Rollnick et al. 1992). Table 1 provides a sum-
mary of demographic and treatment-related variables for the
modified ITT sample used in the current secondary data

Table 1 Demographic and treatment-related variables for the study
sample

Mean (SD) or N (%)

Female gender 233 (71.7%)

Age 41.27 (12.10)

Race/ethnicity

Black/African-American 28 (8.7%)

White 262 (81.4%)

Hispanic/Latino 14 (4.3%)

Asian 7 (2.2%)

Native American 3 (0.9%)

Multi-racial 8 (2.5%)

College-level education 273 (84%)

Cigarettes/day at baseline 16.14 (7.69)
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analysis study. A power analysis was previously reported for
the clinical trial (Garrison et al. 2015, 2018).

Procedures

The parent trial was a pragmatic randomized controlled trial
(RCT) conducted entirely via smartphone. Participants pro-
vided online informed consent and were directed to complete
all study assessments via smartphone. This included their
smartphone app and links to study surveys hosted on Yale
Qualtrics Survey Tool, an online survey platform optimized
for mobile.

Enrolled participants were randomized to receive either an
app for mobile mindfulness training with ecological momen-
tary assessment (MMT-EMA; i.e., the Craving to Quit app) or
an app delivering ecological momentary assessment only
(EMA; control app). The MMT-EMA group received a
22 day treatment program via the Craving to Quit app, which
includes mindfulness for smoking cessation training modules,
including formal meditation practices (i.e., body scan, breath
awareness, and loving-kindness) and an informal (on-the-go)
mindfulness practice for responding to craving. Both the
MMT-EMA and EMA groups completed EMA procedures
in which they responded to multiple daily app-based Bcheck-
ins^ regarding smoking behavior, craving, and other smoking-
related factors. Following the 22-day treatment, participants
completed follow-up surveys one, three, and six months from
treatment initiation. For further details regarding the parent
trial, please refer to the main outcome paper (Garrison et al.
2018) and protocol paper (Garrison et al. 2015).

Measures

Measures for the current study included smoking, craving
strength, and craving frequency, collected at baseline and six
months post-treatment-initiation. At these time points, sub-
jects were e-mailed a link to the study survey hosted on Yale
Qualtrics Survey Tool, optimized for mobile. Additional mea-
sures not analyzed here were described previously (Garrison
et al. 2015, 2018). Smoking was measured as self-reported
cigarettes per day (CPD). Craving strength and craving fre-
quency were measured using the Craving Experience
Questionnaire (CEQ) (May et al. 2014), a 22-item self-report
questionnaire. The CEQ was developed based on elaborated
intrusion theory, which conceptualizes craving as a cognitive-
affective phenomenon that begins as an intrusive thought in
response to an external or internal cue and is elaborated into an
embodied (i.e., multi-sensory) cognition (May et al. 2014).
The scale was developed based on studies of multiple con-
summatory behaviors (cigarettes, alcohol, chocolate, food) on
multiple time scales (Bnow^ to Bpast week^). Craving strength
and frequency are measured in terms of craving intensity,
imagery vividness, and cognitive intrusiveness. Internal

consistency was good for the craving strength subscale
(Cronbach’s alpha = 0.87) and the craving frequency subscale
(Cronbach’s alpha = 0.89).

Data Analyses

Moderated regression models (Aiken and West 1991) were
conducted to evaluate the interaction of craving strength and
treatment group, as well as craving frequency and treatment
group (in a separate model), in the prediction of CPD at
6 months. Interaction models included the treatment group
variable, the craving variable, the interaction term, and the
baseline CPD as predictors of CPD at 6 months.
Additionally, in the omnibus interaction model, we controlled
for craving strength when testing craving frequency by treat-
ment group and vice versa. In regard to missing data, 62 par-
ticipants or 19.1% of the sample were missing data on CPD at
6 months. Attrition analyses revealed that treatment group,
baseline craving strength and frequency, gender, age, and race
were not related to having missing data on CPD at six months.
For all models, all available data were utilized, and maximum
likelihood estimation was used to estimate model parameters
(Witkiewitz et al. 2014b). We explored the nature of the inter-
action effect with two follow-up analyses. First, we tested the
association between the baseline craving variable and change
in CPD from baseline to 6months within each treatment group
separately (e.g., association between baseline craving and
change in CPD in the MMT-EMA group). Second, we com-
pared mean changes from baseline to 6 months in CPD by
treatment group among those with low (1 standard deviation
[SD] or more below mean), moderate (score was in a range
that did not exceed 1 SD above/below mean), and high (1 SD
or more above the mean) baseline scores for the craving
variables.

Results

Table 2 provides the bivariate correlations and descriptive
statistics for study variables. There were no significant differ-
ences in baseline craving strength or frequency between the
treatment groups. Moderated regression analyses revealed a
significant interaction between treatment group and baseline
craving strength in the prediction of CPD at 6 months (B = −
0.079, SE = 0.038, p = 0.042). On the other hand, there was no
significant interaction between treatment group and baseline
craving frequency in the prediction of CPD at six months (B =
− 0.46, SE = 0.038, p = 0.238).

Follow-up analyses to probe the nature of the craving
strength by treatment group interaction indicated that among
those who received MMT-EMA, higher baseline craving
strength was significantly associated with greater reductions
in CPD from baseline to six months (B = − 0.07; SE = 0.028;
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β = − 0.215; p = 0.018; R2 = 0.05), as seen in Fig. 1. Among
those who received EMA-only, baseline craving strength was
not significantly associated with changes in CPD from base-
line to six months (B = 0.004; SE = 0.033; β = 0.01; p = 0.909;
R2 = 0.001).

Further follow-up analyses showed that among individuals
with Bhigh baseline craving strength^ (n = 50), those who re-
ceived MMT-EMA reduced their CPD by approximately nine
(mean = 8.66, SD = 5.99) cigarettes on average from baseline
to six months, whereas those who received EMA-only re-
duced their CPD by approximately 6 (mean = 5.68, SD =
7.88) cigarettes on average. Although demonstrating a
small-to-medium effect size (Cohen’s d = 0.41), this mean dif-
ference did not reach statistical significance (p = 0.197).
Among individuals with Bmoderate baseline craving strength^
(n = 224), those who received MMT-EMA reduced their CPD
by approximately six (mean = 6.39, SD = 7.34) cigarettes on
average, whereas those who received EMA-only reduced their
CPD by approximately seven (mean = 7.19, SD = 6.05) ciga-
rettes on average. This mean difference was not significant
(Cohen’s d = 0.11; p = 0.492). Finally, among individuals with
Blow baseline craving strength^ (n = 51), those who received
MMT-EMA reduced their CPD by approximately six (mean =
5.72, SD = 7.20) cigarettes on average, whereas those who
received EMA-only reduced their CPD by approximately 6
(mean = 6.3, SD = 6.05) cigarettes on average. This mean dif-
ference was not significant (Cohen’s d = 0.08; p = 0.781).

Discussion

The current study evaluated baseline craving strength and fre-
quency as treatment moderators in a RCT comparing mobile
mindfulness training plus ecological momentary assessment
to ecological momentary assessment only (Garrison et al.
2018). We found a significant interaction effect for craving
strength, but not craving frequency. That is, there was a sig-
nificant interaction between treatment group and baseline

craving strength in the prediction of CPD at 6 months
following treatment initiation. Follow-up analyses to de-
scribe the nature of the interaction indicated that higher
baseline craving strength was significantly associated with
greater reductions in CPD from baseline to 6 months in
the MMT-EMA group, but there was no significant asso-
ciation in the EMA group.

These findings are in line with our a priori hypothesis that
smokers with higher craving strength, in particular, might ben-
efit most from MMT-EMA. Our hypothesis was based on
findings from our parent RCT in which, despite a reduction
in both craving strength and frequency (and smoking) across
treatment in both groups, only the relationship between crav-
ing strength and smoking was reduced and only for MMT-
EMA (Garrison et al. 2018). Our findings are also consistent
with prior theoretical (Brewer et al. 2013; Witkiewitz et al.
2014a) and empirical work (Elwafi et al. 2013; Enkema and
Bowen 2017), suggesting that one specific mechanism of ac-
tion inMBPs is helping smokers work mindfully with craving
experiences. MBPs teach smokers how to practice mindful
observation of craving, to learn to work mindfully with crav-
ings rather than smoke, in order to weaken the conditioned
association between craving and smoking (Witkiewitz et al.
2014a). Targeting the core learning processes that maintains
smoking is intended to help smokers manage cravings that
will very likely continue to arise in both the short and long
term (Brewer et al. 2013). Our work suggests that cravings
continue to arise for smokers, as evident by a similar level of
craving (strength and frequency) between groups, yet the pos-
itive association between craving and smoking was reduced
with mindfulness training. Despite a high correlation between
craving strength and craving frequency, we found differential
interaction effects with treatment group on CPD. We note that
the omnibus interaction model controlled for craving strength
when testing craving frequency by treatment group and vice
versa. Therefore, when holding craving frequency constant,
there was a significant interaction between craving strength
and treatment condition on smoking outcomes. Additionally,

Table 2 Bivariate correlations and descriptive statistics for key study variables

Bivariate correlations Descriptive statistics

1 2 3 4 5 6 Mean (SD) Min/max

1. Baseline craving strength – .839* .068 − .130 − .060 − .091 68.28 (22.42) 0/110

2. Baseline craving frequency – .123* .021 − .053 − .126* 64.38 (22.20) 0/110

3. Baseline CPD – .542* − .011 − .386* 16.14 (7.69) 1/50

4. Six-month CPD – .013 .566* 8.91 (8.46) 0/45

5. Treatment condition (1 =MMT-EMA, 0 = EMA) – .019 – –

6. Change in CPD from baseline to six months
(negative values indicate reductions)

– – − 6.73 (7.70) − 36/15

CPD cigarettes per day

*p < .05
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the internal consistencies of both the craving strength and
craving frequency scores were high, lending support to exam-
ining these factors separately. These findings suggest that
MBPs may be particularly well-suited for smokers who report
high baseline craving strength. Future work is needed to fully
differentiate the effects of MBPs on craving strength and fre-
quency, their interaction, and effects on smoking.

Moreover, our findings support the hypothesis that MBPs
for smoking cessation may work by reducing the association
between craving strength and smoking, but not by reducing
the strength or frequency of cravings alone. This is in line with
the approach in MBPs to work mindfully with cravings rather
than avoid them.

Baseline Craving Strength
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Fig. 1 Change in cigarettes per
day (CPD) from baseline to six
months as a function of baseline
craving strength, by treatment
condition. Outer lines are 95%
confidence intervals. *p < .05
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Our finding indicated that baseline craving strength was
associated with greater reductions in smoking for those who
receivedMMT-EMA, among whom baseline craving strength
accounted for 5% of the variance in change in CPD (R2 =
0.05). Although the magnitude of this association is low, it is
in line with the magnitude of associations between psycholog-
ical and behavioral variables reported in research on the topics
of smoking, mindfulness, and addictive behaviors (for meta-
analyses see: Gass et al. 2014; Karyadi et al. 2014). One pos-
sibility is that the heterogeneity of the current sample of
smokers contributed to the low effect size. In particular, the
current sample had a wide range of smoking, with some
reporting five cigarettes per day, and others reporting > 30
cigarettes per day. Future work is needed with larger samples
to test the strength of the association in homogeneous sub-
groups (e.g., one pack/day smokers) and to test whether crav-
ing strength predicts mindfulness treatment outcomes beyond
other baseline factors.

In order to better understand the interaction effect between
baseline craving strength and treatment group on smoking, we
compared CPD at baseline and 6 months among those with
high, medium, and low baseline craving strengths and found
no significant differences. However, the parent clinical trial
was powered to test efficacy (Garrison et al. 2015, 2018)
and may not be sufficiently powered for such subgroup anal-
yses. Future studies with larger samples of craving level sub-
groups could help to determine whether MBPs for smoking
cessation are more efficacious among smokers with high base-
line craving. It would also be useful for future research to
validate cutoffs for high, medium, and low craving strengths
frommultiple samples. The cutoffs in this study were based on
the mean scores in just one sample. It is also possible that
group differences in smoking would emerge with extended
training (beyond the 22-day treatment in the current trial) or
with longer-term follow-up (beyond six months), which can
be tested in future studies.

Limitations and Future Research

The current study has several possible limitations. First, the
parent trial was conducted entirely via smartphone including
online surveys optimized for mobile; therefore, it is possible
that some participants did not pay careful attention to assess-
ments. Future studies should include Battention checks^ (e.g.,
Banswer Ba^ to this question^) to ensure attentiveness to on-
line surveys. Second, as noted in the main outcome paper, the
number of treatment starters in each treatment group was im-
balanced (MMT-EMA, n = 143; EMA, n = 182), potentially
due to the extra step of being directed to the Craving to Quit
website to complete questionnaires before downloading the
app for the MMT-EMA group. It is possible that individuals
who experience strong craving may have been less likely to
start treatment and engage with the app. However, baseline

craving strength was not significantly correlated with being a
treatment starter (r = − 0.037, p = 0.404). Third, the measure
of baseline craving (CEQ) was a retrospective self-report of
craving experiences Bin the last week.^While the parent RCT
employed intensive EMA during treatment, EMA was not
conducted prior to treatment initiation. Baseline craving expe-
riences assessed via EMA rather than retrospective self-report
could have resulted in different findings. Finally, the sample in
this study was predominantly white and female (58% partici-
pants were white and female); therefore, the findings may not
generalize to other populations, and studies with more repre-
sentative samples are needed, as well as studies that appropri-
ately survey sex/gender identity, as that information was not
obtained for this trial.

Despite these limitations, this study was informed by a
theoretical framework about how and why mindfulness train-
ing helps people reduce smoking (Brewer et al. 2013).
Furthermore, this study tested a priori hypotheses stated in
the parent trial protocol paper (Garrison et al. 2015) and out-
come paper (Garrison et al. 2018), in whichmindfulness train-
ing might work in part by lessening the association between
craving and smoking. Overall, our study provides novel pre-
liminary evidence that self-reported baseline craving strength
was associated with changes in self-reported smoking among
those receiving mindfulness training. Future studies, included
several suggested above, are warranted for a more complete
understanding of craving strength and frequency as mecha-
nisms and moderators of mindfulness-based programs for
smoking cessation.
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