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Objective: Mindfulness has received attention in smoking cessation research, yet the mechanisms by which
mindfulness may promote smoking cessation are not well understood. Mindfulness training may help indi-
viduals increase awareness and respond skillfully to processes that contribute to smoking, such as affective
states and craving. This study used experience sampling (ES) to test how awareness was related to craving,
positive and negative affect and smoking, in the moment, among smokers in treatment for smoking cessa-
tion. Method: Participants (N = 228) were part of a clinical trial evaluating Craving to Quit, a smartphone
app for mindfulness training for smoking cessation, compared to an app delivering only ES. All participants
were asked to complete 22 days of ES, with up to 6 ES surveys per day, measuring awareness, craving, pos-
itive and negative affect and smoking. Data were analyzed using multilevel linear modeling. Results: Both
at the within and between-person level, higher awareness was associated with higher positive affect, lower
craving and lower negative affect. Lower within-person craving was associated with lower smoking. Within-
person awareness, positive and negative affect were not significantly associated with smoking. At the
between-person level, higher awareness and higher positive affect, and lower negative affect and lower crav-
ing were associated with lower smoking. Conclusions: Awareness of current experience was related to key
psychological variables linked to behavior change in smoking cessation, namely positive and negative affect
and craving, among smokers trying to quit. Future studies should test whether learning to increase aware-
ness, such as through mindfulness training, may benefit smokers in treatment.
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Cigarette smoking is the leading preventable cause of death and
disease in the United States (National Center for Chronic Disease
Prevention and Health Promotion (US) Office on Smoking and
Health, 2014), and quitting smoking is one of the most important
behavior change steps most smokers can take to improve their life
expectancy and health-related quality of life (U.S. Department of
Health and Human Services, 2020). Yet the majority of adult

smokers are unable to successfully quit, despite repeated attempts.
There are approximately 37 million smokers (15% of the popula-
tion) in the United States (Jamal et al., 2018), and despite 55% of
smokers making a quit attempt in the past year, nine of ten are
unable to quit successfully (Babb, 2017). In order to improve
interventions and aid smokers in quitting, it is critical to identify
the behavior change mechanisms that underlie successful outcomes.
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A psychological factor that has received an increasing amount
of attention in the smoking cessation literature is mindfulness.
Mindfulness has been defined as bringing awareness to one’s cur-
rent experience and maintaining an attitude of curiosity and accep-
tance to one’s experience (Bishop et al., 2004). Meta-analyses
report promising initial evidence regarding the efficacy of mind-
fulness-based interventions (MBI) for smoking cessation (Gold-
berg et al., 2020; Maglione et al., 2017; Oikonomou et al., 2017).
However, there is limited evidence on the specific mechanisms by
which mindfulness might reduce smoking behavior. Clarifying
mechanisms of behavior change can inform theoretical models and
improve interventions (Nielsen et al., 2018). With MBIs for smok-
ing cessation, a better understanding of mechanisms might allow
for the identification of psychological and behavioral treatment
targets, as well as proximal or intermediary processes that enable
early detection of benefit from an MBI.
Mindfulness effects on health outcomes have been explained in part

by (1) enhancing awareness of one’s experiences by attention monitor-
ing, and (2) modifying one’s relation to one’s experience through ac-
ceptance (Lindsay & Creswell, 2017). Other models have focused on
attention-awareness as central to mindfulness (Brown & Ryan, 2003;
Kabat-Zinn, 1994), highlighting potential benefits of training aware-
ness itself (Chambers et al., 2009). Mindfulness as a dispositional trait
has been described to be comprised of five facets: acting with aware-
ness, observing, describing, nonjudgment and nonreactivity (Baer et
al., 2006). These facets are found to be differentially related to sub-
stance use, with evidence that awareness factors (describing, acting
with awareness) are negatively related to substance use (e.g., Fernan-
dez et al., 2010), and that acting with awareness is one of the facets
more frequently related to substance (including tobacco) use by meta-
analysis (Karyadi et al., 2014). Therefore, the current study sought to
better understand the role of awareness, defined as paying attention to
present moment experience, in the treatment of smoking cessation,
related to craving, smoking, and affect.
A few studies have evaluated mindfulness, craving, smoking and

affect in the context of smoking cessation treatment using either the
Mindful Attention Awareness Scale (MAAS; Brown & Ryan, 2003)
or the Five Facet Mindfulness Questionnaire (FFMQ; Baer et al.,
2006), thereby providing some evidence on the possible role of
awareness. For example, in several smoking cessation studies (MBI
and non-MBI), higher MAAS scores were indirectly related to better
outcomes (in particular, lower lapse rates in early abstinence) by
reducing negative affect (Heppner et al., 2016) or stress (Cambron et
al., 2020; Spears et al., 2019). Likewise, higher ratings of positive
emotions (happy, relaxed) and lower ratings of negative emotions
(bored, sad, angry) mediated the association between MAAS scores
and early abstinence (Spears et al., 2019). For the FFMQ, higher act-
ing with awareness was associated with lower affective symptoms
more generally in a large meta-analysis (Carpenter et al., 2019). In
the few studies which have examined the FFMQ subscales (i.e., fac-
ets) and smoking, acting with awareness was associated with lower
smoking behavior (Roberts & Danoff-Burg, 2010), although only
nonjudgment has been found to predict long-term smoking cessation
(Spears et al., 2015). Together, these data suggest a potential role for
awareness in impacting smoking behavior, possibly by modifying
negative and positive affective states and craving. For example,
awareness may help individuals to recognize affective states and
cravings to smoke when they arise, enabling them to work mindfully
with these experiences rather than to react by smoking.

However, these studies measuring awareness, as well as most stud-
ies on mindfulness more generally, have utilized retrospective self-
report measures of trait mindfulness (e.g., MAAS, FFMQ), and
focused on between-subjects effects. To fully understand mechanisms
of behavior change for smoking, it is critical to also examine how
awareness relates to smoking, affect and craving in real time and
within-subjects. One way to measure momentary experience is using
ecological momentary assessment or experience sampling (ES), the
repeated sampling of one’s current experience and behaviors in real
time (Shiffman et al., 2008; Trull & Ebner-Priemer, 2014). Advan-
tages of ES include reduced recall bias versus retrospective reports,
and the ability to test both between- and within-person processes
(Bolger & Laurenceau, 2013).

Several recent studies have used ES to measure different aspects of
mindfulness in the moment, although few studies have used ES to
measure awareness (Goldberg et al., 2020; Landmann et al., 2020;
Moore et al., 2016; Rupp et al., 2020). A recent ES study tested three
facets of mindfulness (from the FFMQ) as predictors of positive and
negative affect, finding that present moment experience and nonjudg-
mental acceptance, but not acting with awareness, predicted positive
and negative affect (Blanke et al., 2018). An earlier study found that
a composite state mindfulness variable adapted from the MAAS for
ES predicted both positive and negative affect (Brown & Ryan,
2003). Only one smoking-related study has used ES to measure
mindfulness (Ruscio, Muench, Brede, & Waters, 2016). This pilot
study compared the effects of a brief-MBI versus sham meditation on
smoking, craving and affect. Mindfulness was measured using the
MAAS and the 13-item Toronto Mindfulness Scale (TMS; Lau et al.,
2006), which has two subscales: curiosity and decentering (Ruscio,
Muench, Brede, MacIntyre, et al., 2016). The TMS was additionally
delivered by ES. They found that brief-MBI versus control was asso-
ciated with increases over time on the TMS as measured by ES but
not on the TMS or MAAS measured in the laboratory. Relationships
between ES measures of mindfulness with smoking, craving and
affect were not tested.

To better understand how awareness is related to craving, posi-
tive and negative affect, and smoking, as measured by ES, the cur-
rent study used available data from a clinical trial evaluating a
smartphone app for mindfulness training for smoking cessation—
Craving to Quit (Garrison et al., 2018; Garrison et al., 2015).
Craving to Quit included ES of key variables and was compared to
an app delivering only ES. The primary outcomes have already
been reported (Garrison et al., 2018), including that mindfulness
as measured using the FFMQ increased comparably between
groups. Therefore, for the current analyses, groups were collapsed,
and no intervention effects were tested. Using ES data, we tested
the hypotheses that higher awareness would be associated with
higher positive affect and lower negative affect, craving, and
smoking, both within- and between-subjects. Additionally, we
tested the hypothesis that higher positive affect and lower negative
affect and craving would be related to lower smoking.

Method

Participants

Participants were part of a parent randomized clinical trial
(NCT02134509) evaluating Craving to Quit, a smartphone app
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for mindfulness training for smoking cessation. In the parent
trial, Craving to Quit, which included ES, was compared to an
app delivering ES only (Garrison et al., 2015, 2018). All study
procedures were approved by the Yale Institutional Review
Board, and all participants provided online informed consent.
Eligibility criteria included: (a) age 18 to 65; (b) smoking $ 5
cigarettes per day; (c) smoking for $ 9 months of the past year;
(d) own a smartphone; and (e) motivated to quit smoking,
defined as scoring $ 8/10 on the Contemplation Ladder (Biener
& Abrams, 1991) and $ 4/5 on the Action Item of Readiness to
Change (Rollnick et al., 1992). Recruitment used Google ads
(46%), word of mouth/other (23%), Facebook posts (14%),
smokefree.gov (11%), Twitter (2%), Reddit ads (2%), and clini-
caltrials.gov (1%).
The sample analyzed in the parent trial included 325 participants

(Garrison et al., 2018). However, for this study focused on ES, we
only included participants who completed at least 33% or 7 days of
ES surveys (Figure S1), as this type of threshold is standard in ES
studies, and most substance use ES studies include at least a week
of ES data (see Jones et al., 2019). Participants in the current study
(N = 228) reported significantly lower baseline cigarettes per day
(CPD) as compared to participants in the primary sample (t = 3.60,
p , .001); therefore, all analyses control for baseline cigarettes per
day. The samples did not differ significantly on any other demo-
graphic variable presented in Table 1 (ps. .09).

Procedure

Participants in the parent trial were randomized to receive either
the Craving to Quit app with ES; or a comparator app delivering
ES only; for 22 days; and set a quit smoking day at 21 days. Crav-
ing to Quit included training modules (5–15 minutes/day) teaching
mindfulness skills; three standard meditation practices: body scan,
loving kindness and breath awareness; an informal practice to
work mindfully with cravings, RAIN: Recognize, Accept, Investi-
gate, and Note what cravings feel like as they arise and pass away;
and other features. The app included ES to measure smoking,
craving, and other factors (see below), with ES items adapted from
the Day Reconstruction Method—a method that assesses how peo-
ple use their time and how they experience the settings and activ-
ities of their lives (Kahneman et al., 2004)—and from prior ES
studies (Berkman et al., 2011). Participants set daily start/end
times, each day was divided into six intervals, and participants
were notified by the app to complete an ES survey once randomly
within each interval. Although participants were notified to com-
plete an ES survey six times per day, they were only sent a re-
minder text message if their response rate dropped below three ES
surveys per day. The comparator was a smartphone app with the
same look and feel as Craving to Quit, but delivering only ES,
with all other study procedures matched to the active group. Both
groups completed online surveys at baseline, end of treatment,
three and six months via Yale Qualtrics Survey Software (opti-
mized for mobile), measuring smoking, craving, mindfulness and
other factors. Participants were compensated up to $116 for the
study, which included $.50 per ES survey, up to six per day for 22
days.

Measures

At baseline, smoking was measured as cigarettes per day, crav-
ing was measured using the Craving Experiences Questionnaire
(May et al., 2014), and mindfulness was measured using the
FFMQ. The following ES items were utilized for the current anal-
yses, each collected using a visual analog scale with text anchors,
scaled from �1 to 1 for analysis.

Awareness

Awareness was measured as: When you started this check-in,
how aware were you of what you were doing? (Not at all to Very
much). In order to evaluate the construct validity of this single
item measure of awareness, we tested its association with the act-
ing with awareness subscale of the baseline FFMQ. The acting
with awareness subscale of the FFMQ is closely related to our ES
measure of awareness conceptually and includes items such as “I
rush through activities without being really attentive to them” and
“I find it difficult to stay focused on what’s happening in the pres-
ent moment.” Aggregate scores on the ES measure of awareness
had a significant, small-medium size correlation with the acting
with awareness subscale (r = .25, p , .001). This correlation is
consistent with small-medium size associations between trait and
state constructs in other ES studies (e.g., Sala et al., 2019).

Table 1
Demographic Information, Smoking Characteristics, and Key
Variables

Demographics
Mean (SD)
or n (%)

Female gender 172 (75.4%)
Age 41.48 (12.48)
Race/ethnicity

White 184 (80.7%)
African-American 22 (9.6%)
Hispanic/Latino 8 (3.5%)
Asian 3 (1.3%)
Native American 3 (1.3%)
Multiracial 5 (2.2%)
Unknown 3 (1.3%)

Income
,$25,000 64 (28.1%)
$25�50,000 58 (25.4%)
$50�75,000 45 (19.7%)
$75�100,000 20 (8.8%)
.$100,000 41 (18%)

Education
Less than high school 5 (2.2%)
High school 27 (11.8%)
Partial college 104 (45.6%)
College or more 92 (40.4%)

Smoking characteristic
Age of smoking onset 17 (5.2)
Number of quit attempts 13.6 (74.3)
Number of additional smokers in home .68 (.94)
Cigarettes/day at baseline 15.13 (7.16)

ES variables (across surveys)
Awareness .49 (.28)
Craving �.07 (.66)
Positive affect .03 (.43)
Negative affect �.27 (.42)

Note. n = 228. ES = experience sampling.
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Craving

Craving was measured as: When you started this check in, how
much were you craving a cigarette? (Not at all to Very much). Ag-
gregate scores on the ES measure of craving had a significant,
small size correlation with the baseline CEQ (r = .15, p = .015).

Affect

Affect was measured by asking participants to rate how much
they were feeling eight emotions from Not at all to Extremely, by
responding to the question: When you started this check-in, how
much were you feeling these emotions? Positive affect included:
relaxed, joyful, content, and excited. Negative affect included:
anxious, tired, sad, and irritable. Internal consistency was good
(positive affect a = .79, negative affect a = .71).

Smoking Behavior

Participants reported how many cigarettes they had smoked by
updating a cigarette tracker. They were asked: The tracker says
you have smoked # cigarettes today. Adjust your tracker below if
needed. Each day, the cigarette tracker would start at zero and be
updated by the participant at each ES survey. The tracker would
reset to zero each day at midnight. For the analysis, smoking was
calculated as the number of reported cigarettes at a given ES sur-
vey minus the number of reported cigarettes at the previous ES
survey. Average ES smoking had a significant, medium-large size
correlation with CPD at both baseline (r = .49, p , .001) and 6
months follow-up (r = .61, p , .001).

Statistical Analyses

SPSS Version 21.0 was used to analyze data using multilevel
linear modeling (MLM), which is robust to missing data. In the
current data, ES surveys (Level 1) were nested within individuals
(Level 2). Intraclass correlation coefficients (ICCs) were computed
for each ES item to measure the degree of dependence in the data,
or strength of the nesting effect. Subtracting the ICC from 1 pro-
vides the proportion of variance due to within-person differences.
Therefore, lower ICCs suggest higher variance due to within-per-
son variance.
We employed an autoregressive (AR1) autocorrelation given

the dependence within the nested data. Models were run using
full-information maximum likelihood estimation. We conducted
random intercept and fixed predictor models for all MLM analyses
in order to permit model convergence. All models controlled for
intervention condition (Craving to Quit vs. ES only), time from
start of treatment, and baseline cigarettes per day.
Because the smoking variable was skewed, a generalized linear

mixed model (GLMM) was used based on a negative binomial dis-
tribution with log link for the analyses with smoking as the out-
come variable (Atkins & Gallop, 2007). A one-survey lag was
used to test for temporal precedence, with smoking at time t being
predicted by affect, mindfulness and craving at time (t�1, control-
ling for smoking at time t�1. We lagged the analyses because,
whereas participants rated their current awareness, affect and crav-
ing at each ES survey, for smoking, they updated a daily cigarette
tracker, and therefore, reported smoking was considered to occur
between the current and previous ES survey. Only one-survey lags
were included; that is, if data were missing, those surveys were

not included, rather than including twoþ survey lags. Addition-
ally, lags across days were included.

We disaggregated all time varying predictors (TVPs) into the
participant’s average level across all ES surveys (TVPmean; the
between-person component) and deviations from the mean at each
survey (TVPdev; the within-person component; TVPdev = TVPraw –

TVPmean). Therefore, between-person variables reflect the degree to
which an individual’s average level of a variable across ES surveys
differs from the total sample, and within-person variables reflect the
degree to which an individual’s momentary value of a variable dif-
fers from that individuals’ average level across ES surveys. We
computed effect sizes by transforming the t statistic into a Cohen’s
d effect size (Wilson, n.d.).

Results

Descriptive Statistics and Preliminary Analyses

Demographics and target variables are described in Table 1.
Over the 22-day treatment, participants completed on average
48% of ES surveys. They completed on average 63.4 ES surveys
(active = 64.2, comparator = 62.2), on 17.3 days of treatment
(active = 17.4, comparator = 17.2; week 1 = 6.6, week 2 = 5.6,
week 3 = 5.05). Participants reported smoking an average of 1.32
cigarettes between ES surveys (SD = 2.40, Range = .00–40.00).
Awareness was not significantly associated with treatment group
(b = .00, SE = .00, 95% CI = [�.00, .00], p = .58), and increased
over time in both treatment groups (b = .01, SE = .01, 95% CI =
[.00, .02], p = .02). ICCs (i.e., the proportion of between person
variability) were: .44 for negative affect, .38 for awareness, .35 for
positive affect, and .29 for craving. Intercorrelations among pre-
dictor variables are reported in Table 2.

Awareness and Craving

Within-person, higher awareness was significantly associated
with lower craving (p = .02), indicating that higher awareness on a
given ES survey, relative to an individual’s average awareness
across ES surveys, was related to lower craving. Between-person,
higher awareness was significantly associated with lower craving
(p , .001), indicating that individuals who reported higher aware-
ness were more likely to report lower craving across ES surveys
(see Table 3).

Awareness and Affect

Within-person, higher awareness was significantly associated
with higher positive affect and lower negative affect (ps , .001).
That is, higher awareness on a given ES survey, relative to an indi-
vidual’s average awareness across ES surveys, was related to higher
positive affect and lower negative affect. Between-person, higher
awareness was associated with higher positive affect and lower neg-
ative affect (ps , .001). These findings indicate that individuals
who reported being more aware of their current experience were
more likely to report higher positive affect and lower negative
affect across ES surveys (see Table 3).
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Smoking Behavior

Table 4 displays results from lagged models testing how varia-
bles at time t�1 were associated with smoking (number of ciga-
rettes smoked) at time t. For awareness, within-person, awareness
at time t�1 was not significantly associated with smoking at time t
(p = .66). Between-person, higher awareness was significantly asso-
ciated with lower smoking (p , .001), indicating that individuals
who reported higher awareness also reported lower smoking across
ES surveys. For craving, both within- and between-person, higher
craving was significantly associated with higher smoking (ps ,
.001). For affect, within-person, positive (p = .99) and negative (p =
.90) affect at time t�1 were not significantly associated with smok-
ing at time t. Between-person, higher positive affect was signifi-
cantly associated with lower smoking (p , .001), and higher
negative affect was significantly associated with higher smoking
(p, .001; see Table 4).

Sensitivity Analyses

All models were computed with all available data from all par-
ticipants in the sample used in primary analyses for the parent
trial (n = 325), and this yielded the same pattern of results with
regard to significance and directionality as the current analyses
(n = 228). Additionally, no differences were found between the
included and excluded samples on ES average awareness, crav-
ing, negative or positive affect; baseline acting with awareness
(from the FFMQ) or craving (from the CEQ); or change in CPD
from baseline to 6 months (ps . .13). Sensitivity analyses were
also conducted excluding participants who smoked a large num-
ber of cigarettes per day at baseline ($30 CPD, n = 4) and results
were the same with regard to significance and directionality as
the current analyses. For further posthoc exploratory analyses,
see online supplemental materials.

Discussion

This study is the first to use ES to test how awareness is associ-
ated with craving, affect and smoking, in the moment, in the daily
lives of individuals who smoke. Findings indicate that higher
awareness was associated with lower craving, higher positive
affect and lower negative affect, within- and between-person, with
sizable effects. Lower craving was associated with lower rates of
smoking within- and between-person, with small-medium size
effects. Finally, higher awareness and positive affect, and lower
negative affect and craving, were each associated with lower
smoking, between-person, with small-size effects. Findings high-
light that awareness is associated with several key psychological
factors linked to behavior change in smoking cessation, including
positive and negative affect and craving.

This is the first study, to our knowledge, to demonstrate that
higher awareness was related to lower craving to smoke in the
moment. This finding is noteworthy because craving is a main
symptom that smokers seek to alleviate during treatment (Fergu-
son & Shiffman, 2009). This finding is consistent with an earlier
study using ES in which a brief-MBI was associated with reduced
momentary craving (Ruscio, Muench, Brede, & Waters, 2016). It
is possible that higher awareness of present moment experience
may help smokers to bring attention to cravings that arise, and to
maintain awareness on their experiences (emotions, sensations,
etc.) rather than “getting caught up in” cravings (Brewer et al.,
2013; Elwafi et al., 2013).

Next, findings indicate that craving was positively associated
with smoking in the moment. This finding is consistent with a sys-
tematic review reporting craving as a strong proximal predictor of
smoking behavior in ES data (Serre et al., 2015), and with studies
showing that craving is a key contributor to smoking relapse (e.g.,
Allen et al., 2008).

Table 2
Bivariate Correlations Among Predictor Variables

Predictor variable Awareness Craving Positive affect Negative affect

Awareness — �.18** .31** �.32**
Craving — — �.32** .40**
Positive affect — — — �.49*

* p , .05. ** p , .01.

Table 3
Awareness as a Predictor of Craving and Affect

Relationship tested b SE 95% CI d p

Awareness as a predictor of craving
Between-person �.19 .18 [�.35, �.03] �.31 .02
Within-person �.11 .01 [�.14, �.09] �.15 ,.001

Awareness as a predictor of positive affect
Between-person .25 .06 [.14, .37] .59 ,.001
Within-person .16 .01 [.14, .17] .36 ,.001

Awareness as a predictor of negative affect
Between-person �.33 .06 [�.45, �.21] �.71 ,.001
Within-person �.13 .01 [�.14, �.12] �.32 ,.001

Note. Covariates included treatment group, time, and baseline cigarettes per day.
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Higher awareness was also associated with higher positive
affect and lower negative affect. This is the first ES study, to our
knowledge, to show that higher awareness is related to affective
states among individuals trying to quit smoking, and is consistent
with other ES studies reporting that facets of mindfulness are asso-
ciated with affect in the moment (Brown & Ryan, 2003; Killings-
worth & Gilbert, 2010). Although an earlier study did not find that
acting with awareness predicted affect (Blanke et al., 2018), that
study was not in smokers. It is possible that awareness increased
positive affect among smokers by bringing attention to pleasurable
experiences to enhance natural reward processing (Garland et al.,
2014). Similar to craving, higher awareness may help smokers to
bring attention to negative affective states that arise and maintain
awareness on their experiences (emotions, sensations, etc.), learn-
ing that negative affect will eventually subside (Segal et al., 2002).
Positive and negative affect did not predict smoking within-per-

son, yet individuals who reported higher positive affect and lower
negative affect throughout the study smoked less. This finding is
consistent with prior ES studies indicating little or no association
when testing positive and negative affect as immediate antecedents
of smoking, whether in smoking cessation treatment or ad libitum
smoking (Shiffman et al., 2002; Shiftman et al., 2004). However,
in the current study, there was an association between affect and
smoking across the study, consistent with the interpretation that
mood might influence smoking over longer timeframes. For exam-
ple, over time, individuals might increase smoking in an attempt to
regulate both positive (e.g., responding to a lack of stimulation;
Shiffman, 1993) and negative affect (Baker et al., 2004).
The finding that negative affect did not predict smoking may be

surprising given that participants were mostly female (75% of N =
228), and female smokers are more likely to smoke following neg-
ative mood (Weinberger & McKee, 2012). However, participants
were also mostly female in an earlier study in which smoking was
not predicted by negative affect (82% of N = 28; Shiftman et al.,
2004). One possibility is that we did not capture this relationship
because our ES for negative affect did not include feeling stressed,
which has been found to predict ad lib smoking (Shapiro et al.,
2002). It is also possible that associations between positive and
negative affect and smoking were not captured because we did not
sample these variables postquit, given that affect (in particular,

negative affect) has been strongly associated with smoking lapses
in prior ES studies (Minami et al., 2014; Shiffman et al., 2007;
Shiffman et al., 2020), but not with ad lib smoking (Shiffman
et al., 2002; Shiftman et al., 2004). Further direct testing on the
relationship between both negative and positive affect and smok-
ing is needed given the considerable literature on the impact of
affective states on appetitive risk behaviors including smoking
(Akbari et al., 2020; Ferrer et al., 2020). Future studies should also
test whether sex/gender moderates the relationship between affec-
tive states and smoking in the moment.

Similarly, although awareness did not predict smoking within-
person, individuals who reported higher awareness throughout the
study smoked less. This finding suggests that while higher aware-
ness may not be related to reduced smoking in the moment, over
time, higher awareness might promote lower levels of smoking, an
effect that might be more meaningful to smoking cessation in the
longer term. For example, behavioral treatments have been associ-
ated with sleeper effects, or the emergence or growth in effects
from end of treatment to follow-up (Bell et al., 2013). Future ES
studies might test for such effects by measuring awareness and
smoking/lapses beyond treatment.

Findings indicated that treatment group was not significantly
associated with awareness. This is consistent with the primary
report that Craving to Quit and ES-only comparably increased
mindfulness (FFMQ) and reduced smoking and craving across
treatment (Garrison et al., 2018). These findings suggest reactivity
to ES methods, which is a concern for studies of substance use in
which participants are motivated to change their behavior and thus
may be particularly vulnerable to ES reactivity (Shiffman, 2009).
Furthermore, rating one’s awareness multiple times per day might
increase awareness and mindfulness, even without mindfulness
training.

There were several limitations to the current study. First, as previ-
ously acknowledged (Garrison et al., 2018), the sample was largely
female, white, and college educated, and more work is critically
needed to understand these mechanisms in a representative popula-
tion, in particular because factors such as sex/gender and SES are
associated with smoking behavior. Individuals in this study were also
motivated to quit smoking, and enrolled in a smoking cessation inter-
vention, therefore findings may not generalize to smokers who do

Table 4
Summary of Lagged Models Testing Predictors of Smoking

Predictor b SE 95% CI d p

Awareness
Between-person �.29 .05 [�.39, �.18] �.10 ,.001
Within-person .02 .04 [�.05, .08] �.01 .66

Craving
Between-person .90 .04 [.82, .98] .41 ,.001
Within-person .13 .02 [.08, .17] .11 ,.001

Positive affect
Between-person �.54 .06 [�.65, �.43] �.18 ,.001
Within-person .00 .04 [�.07, .08] .00 .99

Negative affect
Between-person .21 .05 [.10, .31] .08 ,.001
Within-person .01 .04 [�.08, .09] .00 .90

Note. Covariates included smoking at t�1, treatment group, time, and baseline cigarettes per day.
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not report being motivated to quit. The included sample also com-
pleted a minimum number of ES surveys (33%) and differed from
the excluded sample by lower baseline CPD, possibly indicating that
the included sample was more willing to engage in treatment. Next,
compliance with ES was just under 50% for the maximum 6 ES sur-
veys per day and could be improved. However, participants com-
pleted on average 3 ES surveys per day, for 63.4 ES surveys across
the 22-day treatment, resulting in a rich ES dataset with which to test
hypothesized relationships. Sensitivity analyses were also conducted
with the full sample, and the same pattern of results was obtained.
Our analytical strategy was also robust to missing data. Nevertheless,
the extent and pattern of missing data remain a limitation of the arti-
cle, as we cannot demonstrate that the assumption that data are miss-
ing at random was met. Another limitation was that we were unable
to utilize a psychometrically supported ES measure of awareness as
no such measure was available. It is possible that participants may
not have understood the ES item, “How aware were you of what you
were doing?” However, beginning support for this ES measure was
provided by the small-medium correlation with the acting with
awareness subscale of the FFMQ. Finally, this study tested whether
associations between awareness, affect and craving predicted smok-
ing. It is possible that relationships between these factors are bidirec-
tional, in line with the argument that successful self-regulation can
also increase well-being and mindfulness (Masicampo & Baumeister,
2007). Despite these limitations, this study provides an ecological
representation of associations between awareness, craving, affect and
smoking behavior in the daily lives of smokers who were trying to
quit smoking. Strengths of this study include the use of ES and the
analytic approach, which allowed testing of both within- and
between-person associations between these factors.
In conclusion, findings from this study indicate that higher

awareness was associated with higher positive affect and lower
negative affect and craving, in the moment, among individuals in
treatment for smoking cessation. Therefore, future research should
examine whether training individuals in awareness, such as in
MBIs, might be a mechanism for increasing awareness to modify
other key psychological variables related to smoking behavior
change –affect and craving. Higher awareness may help to allevi-
ate craving and improve affect among individuals trying to quit
smoking, despite not being associated with an immediate reduction
in smoking. Further testing of the clinical significance of these
findings is warranted. Future studies might also test additional fac-
ets of mindfulness to obtain a more complete understanding of the
mechanisms of MBIs. Finally, given the significance of these fac-
tors to other health behaviors, future studies could test if these
findings generalize to other addictive substances and behaviors
that impact health and well-being.
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