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a b s t r a c t
Purpose: The current study sought to expand our understanding of relapse mechanisms by identifying
the independent and interactive effects of real-time risk factors on temptations and the ability to resist
temptations in smokers during a quit attempt.
Procedures: This study was a secondary analysis of data from 109 adult, treatment-seeking daily smokers.
Ecological momentary assessment data was collected 4 times a day for 21 days following a quit attempt
and was used to assess affect, urge, impulsiveness, recent cigarette exposure, and alcohol use as predictors
of temptations to smoke and smoking up to 8 h later. All smokers received nicotine replacement therapy
and smoking cessation counseling.
Findings: In multinomial hierarchical linear models, there were signiﬁcant main (agitation odds
ratio (OR) = 1.22, 95% CI = 1.02–1.48; urge OR = 1.60, 95% CI = 1.35–1.92; nicotine dependence measured by WISDM OR = 1.04, 95% CI = 1.01–1.08) and interactive effects (agitation × urge OR = 1.12, 95%
CI = 1.01–1.27; urge × cigarette exposure OR = 1.38, 95% CI = 1.10–1.76; positive affect × impulsiveness
OR = 2.44, 95% CI = 1.02–5.86) on the odds of temptations occurring, relative to abstinence without
temptation. In contrast, prior smoking (OR = 3.46, 95% CI = 2.58–4.63), higher distress (OR = 1.30, 95%
CI = 1.06–1.60), and recent alcohol use (OR = 3.71, 95% CI = 1.40–9.89) predicted smoking versus resisting
temptation, and momentary impulsiveness was related to smoking for individuals with higher baseline
impulsiveness (OR = 1.12, 95% CI = 1.04–1.22).
Conclusions: The risk factors and combinations of factors associated with temptations and smoking lapses
differ, suggesting a need for separate models of temptation and lapse.
© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Tobacco use remains the leading cause of preventable death
in the United States (Centers for Disease Control and Prevention,
2008; U.S. Department of Health and Human Services, 2004).
Although many smokers attempt to quit annually, roughly 95% of
smokers who quit for 24 h return to smoking within 3 months
(Centers for Disease Control and Prevention, 2011; Fiore et al.,
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2008). Understanding relapse processes is critical to identifying
intervention targets and improving cessation rates.
In particular, research is needed to understand the proximal,
phasic inﬂuences on smoking. Differences in the determinants of
motivational lapses (i.e., temptations to smoke) and behavioral
lapses (i.e., a return to smoking after quitting) may inform treatment delivery. Identifying risk factors for motivational lapses may
suggest targets to strengthen a smoker’s conﬁdence or commitment to quitting. Likewise, identifying factors that differentiate
episodes when smokers resist a temptation and those when they
yield to temptation and smoke may help identify early warning
signs of cessation failure.
Several studies have attempted to identify antecedents of temptations and smoking using ecological momentary assessment
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(EMA; Stone and Shiffman, 1994) data collected several times daily
from smokers attempting to quit (Shiffman, 2009; Shiffman et al.,
1996, 2007). Research suggests negative affect and urge differentiate temptations and smoking (Shiffman et al., 1996), however
extant studies are limited to comparisons of smokers’ ﬁrst lapse
and ﬁrst temptation event. Each smoking opportunity after quitting is a critical choice point to smoke or abstain, and smokers
may have multiple periods of abstinence, temptation, and smoking while quitting (Baker et al., 2011; Prochaska and DiClemente,
1983). Studying the antecedents to multiple temptation and smoking events after quitting, while controlling for smoking status, may
build on past research and identify factors that inﬂuence smoking
behavior more generally.
Additionally, much of the research to date has examined risk
factors in independent, not combined models. A recent study
by Lam et al. (2014) was among the ﬁrst to investigate ways
relapse risk factors interact. Their results suggested smoking urge
signiﬁcantly interacted with negative affect and being around
smokers to inﬂuence lapse risk. Speciﬁcally, states of negative
affect and exposure to others smoking were more strongly associated with lapses in times of low vs. high urge. While these
ﬁndings suggest the importance of examining multiple predictor models and interactive effects, all risk factors and outcomes
were examined concurrently, so the direction of the effect is
unclear (i.e., it is possible low urge is due to a recent lapse instead
of the cause of smoking). Studying ways risk factors combine
to inﬂuence smoking risk before smoking occurs may improve
our understanding of lapse mechanisms and suggest just-in-time
interventions.
The current project ﬁlls gaps in the literature using time-lagged
hierarchical linear modeling to identify risk factors of later temptations and smoking. Additionally, this project is one of the ﬁrst
to examine how well-known relapse risk factors (i.e., affect, urge,
and environmental context) interact to predict later temptations
or lapses during a quit attempt. According to the relapse model
put forth by Marlatt and Gordon (1985), relapse is preceded by a
high-risk situation which can include speciﬁc emotional and physiological states (i.e., affect, urge) and environmental cues. Available
research further supports the role of these risk factors as predictors of smoking behavior. Speciﬁcally, smoking to alleviate negative
affect (i.e., withdrawal) may maintain smoking over time (Baker
et al., 2004), and momentary negative affect predicts temptations
and lapses (Minami et al., 2014; Shiffman et al., 1996). At present,
it is unknown how positive affect relates to the occurrence of temptations and success resisting them. However, there is evidence
that positive affect is inversely related to urge intensity (Doran
et al., 2008) and smoking lapse (Strong et al., 2009), independent of
negative affect, suggesting a protective role against smoking after
quitting. Furthermore, craving or urge to smoke is a central process motivating smoking behavior (Baker et al., 1987; Robinson and
Berridge, 1993; Tiffany, 1990) and urge intensity predicts temptations and lapses after quitting (Shiffman et al., 1996). Additionally,
aspects of the environment, such as being around other smokers
and drinking alcohol, are known predictors of temptations and
smoking (Kahler et al., 2009; Shiffman et al., 1996; Zhou et al.,
2009).
Prior studies have modeled these risk factors independently,
however this may provide limited information about lapse processes because these factors may combine in unique ways to
inﬂuence risk. For example, craving is theorized to be central
to relapse risk, yet it only explains 6% of the variance in smoking behavior across laboratory studies (Tiffany et al., 2009), and
smokers often relapse despite using pharmacotherapies designed
to attenuate craving intensity (Fiore et al., 2008). These results
highlight that urge alone only partially explains smoking behavior, suggesting that it may be important to consider how other
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momentary factors, such as mood or context, interact with urge
to better explain the inﬂuence on smoking behavior.
The primary aim of the current project is to identify ways affect,
urge, and environmental context interact to inﬂuence the occurrence of later temptations and smoking after a target quit smoking
day. We contrasted episodes of strong temptation to episodes of
untempted abstinence to identify factors inﬂuencing temptation
risk. We also contrasted episodes of smoking to episodes of strong
temptations without smoking to identify factors related speciﬁcally to the inability to resist smoking. Based on prior research,
we expected negative affect, urge, access to cigarettes, and recent
alcohol use would be positively related to temptation and smoking risk, while we expected positive affect would be protective
against risk (e.g., Kahler et al., 2009; Lam et al., 2014; Shiffman
et al., 1996; Strong et al., 2009). We hypothesized a priori two-way
interactions between negative affect, urge, and context. Specifically, we expected high momentary negative affect and urge
would synergistically increase risk for later temptations (vs. abstinence) or smoking (vs. temptations) by increasing the incentive
value of smoking. We expected heightened urge or negative affect
would lead to smoking more often in the presence (vs. absence) of
cigarettes or when smokers were disinhibited from recent alcohol
use (vs. no alcohol use).
A secondary aim was to examine the inﬂuence of impulsiveness on temptations and smoking after quitting. Impulsiveness has
been conceptualized as a stable trait differing between individuals, although recent research indicates facets of impulsiveness
vary within individuals and are inﬂuenced by mood state (Weafer
et al., 2013), nicotine deprivation (Field et al., 2006; Mitchell, 2004),
and stress exposure (Schepis et al., 2011). Therefore, impulsiveness may be a dynamic, state-dependent construct. To investigate
the relation between state and trait impulsiveness, we explored
an EMA measure of behavioral impulsiveness as a predictor of
temptations and smoking and examined trait impulsiveness as a
moderator of this effect. We expected a stronger relation between
momentary impulsiveness and smoking for individuals with high
(vs. low) baseline impulsiveness. We also explored secondary twoway interactions between behavioral impulsiveness and affect,
urge, and context. We expected impulsiveness would undermine
the protective effect of positive affect and would exacerbate risk
in combination with negative affect, urge, access to cigarettes, or
recent alcohol consumption.
2. Method
2.1. Participants
This project analyzed EMA data collected for 21 days post-quit from 109
treatment-seeking smokers engaged in a quit-attempt. All participants received
nicotine lozenge treatment (2 mg or 4 mg for 12-weeks based on their time to ﬁrst
cigarette in the morning) and counseling (four 15-min sessions). Eligibility criteria for participation included: at least 18 years old; English literate; heavy smoking
(≥10 cigarettes per day for ≥6 months with expired carbon monoxide ≥8 parts per
million); motivation to quit smoking (≥6 on a 10-point scale); no lozenge contraindications (e.g., heart disease, pregnancy or breastfeeding); no bipolar or psychosis
history; not living with study participants; and no current use of other tobacco,
cessation treatments, marijuana, or illegal drugs.
2.2. Procedure
Participants were screened for eligibility by phone and attended an orientation to complete consent procedures, baseline assessments, and learn to use the
EMA device (Palm Z22 Palmtop Computers, Palm Inc., Santa Clara, CA). Participants
attended 5 weekly visits from 1 week pre-quit to 3 weeks post-quit and received
feedback about EMA adherence.
2.3. Baseline assessments
Pre-quit baseline measures assessed nicotine dependence [Wisconsin Inventory
of Smoking Dependence Motives (WISDM-68; Piper et al., 2004) and Fagerström
Test for Nicotine Dependence (FTND; Heatherton et al., 1991)], smoking history,
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and demographics. Other self-report questionnaires assessed positive and negative affect [Positive and Negative Affect Schedule (PANAS; Crawford and Henry,
2004; Watson et al., 1988), withdrawal symptom severity (Wisconsin Smoking
Withdrawal Scale (WSWS; Welsch et al., 1999), and trait impulsiveness (Barratt
Impulsiveness Scale (BIS-11; Patton et al., 1995)].
2.4. Ecological momentary assessments
Participants were prompted four times daily to complete 5-min EMA reports.
Alarms were set to occur at least 30 min apart at random times within four equal
intervals in the waking day. The prompt signaled participants to answer several selfreport items and complete a brief momentary impulsiveness assessment, described
below. We chose to use random EMA assessment only rather than ask participants
to prompt reports of events following temptations or smoking because, unlike prior
studies that examined only the ﬁrst lapse post-quit (e.g., Shiffman et al., 1996), we
wanted to assess smoking and temptations occurring over several weeks post-quit
and aimed to reduce participant burden and possible assessment reactivity over
time (McCarthy et al., 2015).
Participants were encouraged to respond to the prompt within 30 min. “Late”
versus “on-time” (i.e., within 30 min following the prompt) reports were more
likely to show elevated urge or positive affect and recent alcohol consumption,
stress, strong temptation, and smoking opportunity. All completed reports were
analyzed to avoid systematic bias by excluding late reports. In total, 85% of prompted
reports were completed, although completion rates varied by subject (M = 79.6%,
SD = 16.6%).
2.4.1. Momentary affect. Items derived from the PANAS and WSWS were used in
EMA reports to assess affect and withdrawal symptoms. Smokers rated each item
from 1 (very slightly or not at all/disagree) to 5 (extremely/agree) based on their
experience in the 15 min prior to the prompt. Conﬁrmatory factor analysis suggested
a best-ﬁtting model with two correlated negative affect factors: distress comprised
of sad mood items “sad or depressed”, “distressed”, and “upset”; and agitation comprised of tense arousal items “impatient”, “tense or anxious” and “restless”; and one
correlated positive affect factor with items “I have felt enthusiastic” and “I have felt
interested”. Thus, negative affect was examined as two separate factors based on
these empirical and conceptual distinctions.
2.4.2. Momentary urge. Urge to smoke was assessed by two questions “I have trouble getting cigarettes off my mind” and “I have been bothered by the desire to smoke
a cigarette”. Smokers rated each item from 1 (disagree) to 5 (agree) based on their
experience in the 15 min prior to the prompt. Scores on these items were averaged
as an index of momentary urge. These were the best performing items in previous
research with similar EMA assessments of urge (McCarthy et al., 2008).

enhance motivation. Percent commission error was used to operationalize momentary impulsiveness. Percent commission error has shown good test–retest reliability
as a measure of impulsive action (Weafer et al., 2013) and has shown positive relations to smoking status (Schepis et al., 2011) and smoking latency (Bold et al., 2013)
in prior research.
To reduce the inﬂuence from inaccurate responses due to inattention, reports
were excluded if omission errors were greater than 5% (this affected 15.6% of
reports). Overall valid completion rate for CPT tasks was nearly 70% once controlling
for inattention and missing responses, but there was considerable heterogeneity in
response rate by subject, with the average rate only 43.6% (SD = 21.4%). Response
rates were lower on the CPT-II task than the overall self-report assessments on the
EMA, likely due to the fact that device programming required participants to open
a separate screen to initiate the CPT-II task after completing the self-report and this
extra step may have been burdensome. Analyses with this measure of behavioral
impulsiveness were included as secondary aims given the novel administration and
low response rates in this sample.
2.5. Data analysis
A series of multilevel models were tested using Hierarchical Linear Modeling
(HLM) version 7.01 software to evaluate the independent and interactive effects of
smoking risk factors (t0 ) on outcome up to 8 h later (t1 ). Level-1 data comprised
individual report-level predictors nested within individuals at level 2. Continuous predictors were centered around group means to model within-person effects.
Reports were included if the time between reports (t0 –t1 ) was at least 30 min and no
greater than 8 h, to assess proximal time-lagged effects. The ﬁnal sample analyzed
4179 reports from 109 participants (see Table 1 for demographic characteristics).
Models had a multinomial outcome distribution with logit link function where
Temptation was the reference group to allow efﬁcient, simultaneous comparisons of
Abstinent vs. Temptation and Smoking vs. Temptation reports. Results are presented in
terms of increased risk indicating the odds of experiencing a strong temptation (vs.
abstinent) or smoking (vs. temptation) as a function of within-person levels of affect,
urge, context, and impulsiveness at the previous report. We also evaluated negative
affect and urge as predictors in smoking vs. abstinent, untempted comparisons to
replicate past ﬁndings (Shiffman et al., 1996).

Table 1
Demographic characteristics of the ﬁnal sample (N = 109).
Variable

Value

n (%)

Gender (N = 109)
Ethnicity (N = 107)

Female
Hispanic

52 (47.7%)
5 (4.6%)

Race (N = 107)

White
African-American
Asian, Paciﬁc Islander
American Indian
Other

72 (67.3%)
25 (23.4%)
6 (5.6%)
1 (0.9%)
3 (2.8%)

2.4.4. Recent alcohol use. Recent alcohol use was coded 1 = yes and 0 = no based on
participants’ response to a multi-choice question, “Have you had anything to drink
in the past two hours?” where they could select “alcohol” among other responses.
Consuming alcohol was endorsed 20% of days (2.2% of reports) with an average of
3.5 (SD = 3.8) drinks per drinking day.

Marital status (N = 109)

Married
Never married
Divorced
Cohabitating
Separated
Widowed

41 (37.7%)
31 (28.4%)
13 (11.9%)
10 (9.2%)
8 (7.3%)
6 (5.5%)

2.4.5. Recent smoking. At each report, participants recorded if they smoked in the
past 2 h (yes/no), and the number of cigarettes smoked since the last report. Any
smoking in the past 2 h or since the last report was coded as smoking between
reports.

Education (N = 109)

<High school graduate
High school graduate
Some college
College degree

1 (0.9%)
27 (24.8%)
47 (43.1%)
34 (31.2%)

Employment status (N = 109)

Employed for wages
Self-employed
Unemployed <1 year
Unemployed >1 year
Homemaker
Student
Retired
Disabled

59 (54.1%)
15 (13.8%)
13 (11.9%)
8 (7.3%)
3 (2.8%)
11 (10.1%)
5 (4.6%)
9 (8.3%)

Household income (N = 107)

<$25,000
$25,000–49,999
$50,000–74,999
>$75,000

35 (32.7%)
19 (17.8%)
22 (20.6%)
31 (28.9%)

2.4.3. Cigarette exposure. Recent cigarette exposure was assessed by asking
whether or not smokers had an easy opportunity to smoke or had been with someone who was smoking in the last 15 min. Recent cigarette exposure was coded as
1 = yes or 0 = no if subjects responded “yes” to either question.

2.4.6. Recent temptation. At each report, participants responded to an item “did you
experience a strong temptation to smoke in the past 30 minutes” (yes/no).
2.4.7. Smoking outcome. Reports were coded into mutually-exclusive smoking
states based on EMA responses: Abstinent reports (i.e., no smoking since the previous
report and no strong temptation in the past 30 min, 46.1% of reports), Temptation
reports (i.e., strong temptation occurred in the past 30 min and no smoking since
the previous report, 30.8% of reports), and Smoking reports (i.e., smoking occurred
since the previous report, 23.1% of reports).
2.4.8. Momentary impulsiveness. A novel, brief measure of behavioral impulsiveness was administered via EMA using MiniCog software (Cambridge, MA). This was
an adapted version of the Conners’ Continuous Performance Test: CPT-II (Conners,
1985, 2004) which measures the ability to inhibit motor responses. Participants
were instructed to initiate a 60–66-trial version of the CPT-II task after completing
the self-report items. This task involved pressing a key every time a letter appeared
on the screen, except when the letter was an “X”. A single letter appeared on the
screen for 250 ms, with a variable inter-trial interval of 1, 2, or 4 s. Participants could
earn $.02 for each correct trial (up to $1.20) and receive performance feedback to

Variable

M (SD)

Age (N = 109)
Cigarettes smoked per day (N = 109)
Previous quit attempts (N = 109)
Baseline FTND Score (N = 109)

45.0 (12.0)
18.6 (6.7)
4.3 (9.5)
5.3 (2.0)
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Coeﬃcients by me since quit day: recent smoking
Week 1

Week 2

Week 3

1
0.8
0.6

Coeﬃcient

All models controlled for smoking status at t0 , time between reports, and time
since quit day. To verify linearity over smoking state and time, we examined predictor × smoking status, predictor × time between reports, and predictor × time since
quit day interactions. Then predictors were entered in separate multinominal models to examine main effects. A best-ﬁtting multiple predictor model was created
using a backward elimination approach that retained variables in the overall model
equation if they were signiﬁcantly related to either outcome (temptation vs. abstinent or smoking vs. temptation). A priori two-way interactions were examined
between level-1 predictors in separate models to facilitate model convergence.
Lastly, we explored the inﬂuence of momentary impulsiveness and examined
whether baseline trait impulsiveness moderated relations between momentary
impulsiveness and outcome. All models were initially set with a random intercept and random effects to allow regression coefﬁcients to vary across individuals.
Predictors were ﬁxed if this permitted model convergence or improved model
deviance, measured by a reduction in the −2 log likelihood value (Cohen et al., 2003;
Raudenbush and Bryk, 2002). Models were run using full-information maximum
likelihood estimation.
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0.4
0.2
0
-0.2
-0.4
-0.6

3. Results

Coeﬃcients by me since quit day: no recent smoking

3.1. Model evaluation

Week 1

Table 2
Descriptive statistics for key study variables by outcome.
Momentary predictor

Abstinent

Temptation

Smoking

Agitationa
Distressa
Positive affecta
Urgea
Impulsivenessb
Cigarette exposurec
Alcohol usec

1.84 (0.97)
1.64 (0.88)
3.20 (1.13)
2.09 (1.12)
0.08 (0.18)
54.90%
1.10%

2.42 (1.06)
1.94 (0.95)
3.06 (0.96)
3.82 (1.05)
0.08 (0.18)
66.90%
2.40%

2.35 (1.12)
2.15 (1.10)
3.10 (1.04)
3.16 (1.31)
0.08 (0.17)
66.30%
3.90%

Values represent the mean (standard deviation) or frequency of momentary predictors by outcome.
a
Measured on a scale from 1 (very slightly or not at all/disagree) to 5
(extremely/agree).
b
Measured by square root percent commission errors on the CPT-II.
c
Measured yes/no. Values indicate percentage ‘yes’ response.

Week 3

0.8
0.6

Coeﬃcient

All predictors were normally distributed except momentary
impulsiveness, measured by percent commission error (skewness = 2.27, SE = 0.04; kurtosis = 10.18, SE = 0.08). The distribution of
momentary impulsiveness was improved with a square-root transformation (skewness = 1.82, SE = 0.04; kurtosis = 1.88, SE = 0.09).
The assumption of linearity in the logit held for all continuously
scaled predictors, so no other transformations were necessary.
Descriptive statistics for key predictors are shown in Table 2.
Two subjects did not provide sufﬁcient data to be included
in HLM models, resulting in n = 107 units and df = 106 at level2. These subjects did not differ signiﬁcantly on demographic,
smoking history, or other baseline characteristics of interest (i.e.,
mood, impulsiveness). A total of 16 subjects reported continuous
abstinence post-quit, thus they did not contribute to smoking vs.
temptation outcomes but were included to evaluate temptation vs.
abstinent outcomes.
Interactions between predictors and smoking status or time
between reports were non-signiﬁcant. However, time since quit
day signiﬁcantly interacted with several predictors. The effects
of agitation, distress, and urge on outcome were non-linear over
time. These effects were examined separately in reports without recent smoking (n = 3161) and those where recent smoking
occurred (n = 1018) (see Fig. 1. The effects generally appeared to
be strongest in the ﬁrst week post-quit, except urge and distress had slightly stronger relations to temptation vs. abstinent in
week 2 in reports where recent smoking occurred. To account for
this non-linear effect over time, a binary time covariate (0 = week
one post-quit, 1 = weeks two to three post-quit) was included in
all models which estimated the effects separately across these
phases.

Week 2

1

0.4
0.2
0
-0.2
-0.4
-0.6

Fig. 1. Time since quit day × predictor (agitation, distress, urge) interactions separated by recent smoking status. Each line represents the regression coefﬁcient for
the predictor at each time point: week 1, week 2, week 3. (䊏) Agitation; () distress;
(䊉) urge. Solid line = temptation vs. abstinent; dashed line = smoked vs. temptation.

Tables 3 and 4 show the results from single and multiple predictor models, respectively. The multiple predictor model was
pruned for non-signiﬁcant variables and contained a random intercept; random coefﬁcients for agitation, urge, and alcohol use; and
ﬁxed coefﬁcients for other predictors. This model ﬁt signiﬁcantly
better than one with these coefﬁcients ﬁxed (2 = 61.83, df = 6,
p < .001), and setting other predictors to random did not signiﬁcantly improve model ﬁt.

3.2. Temptation vs. abstinent
Models estimated the odds of experiencing a temptation vs.
being abstinent and untempted (Tables 3 and 4 top panel). Results
indicated greater odds of temptation in the ﬁrst week after
the quit-day. Distress was positively associated with temptations while positive affect protected against temptations in single
predictor, but not multiple predictor, analyses. Results from the
multiple predictor model indicated momentary agitation and urge
were positively related to later temptation risk. Baseline nicotine
dependence was the only signiﬁcant level-2 predictor, indicating
smokers with higher nicotine dependence were more likely to
experience temptations post-quit. The same pattern of results was
seen whether using the total WISDM-68 or FTND score to operationalize dependence. The same pattern of results was seen when
controlling for temptation at t0 or reported nicotine lozenge use
between t0 and t1 . Lozenge use between t0 and t1 was signiﬁcantly
positively related to experiencing a temptation (vs. abstinent) at t1
(B = 0.38, SE = 0.15, t(3033) = 2.50, p = .01).
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Table 3
Single focal predictor main effects for all predictors (t0 ) on smoking outcome (t1 ).
Fixed effect

Coefﬁcient

SE

OR

95% CI

T-ratio

Approx. df

p-value

Temptation vs. abstinent
Agitationa
Distress
Positive affecta
Urgea
Impulsivenessb
Cigarette exposure
Alcohola

0.37
0.26
−0.22
0.54
−0.18
0.12
−0.52

0.08
0.07
0.08
0.08
0.36
0.14
0.48

1.44
1.30
0.80
1.72
0.84
1.13
0.59

[1.22–1.72]
[1.12–1.50]
[0.67–0.96]
[1.44–2.06]
[0.41–1.68]
[0.85–1.51]
[0.22–1.55]

4.19
3.51
−2.50
6.19
−0.50
0.86
−1.08

106
3848
106
106
2652
3848
106

<.001
<.001
.014
<.001
.617
.392
.283

Smoking vs. temptation
Agitationa
Distress
Positive affecta
Urgea
Impulsivenessb
Cigarette exposure
Alcohola

−0.18
0.08
0.06
−0.16
0.11
0.04
1.36

0.10
0.08
0.10
0.09
0.42
0.16
0.46

0.83
1.08
1.06
0.85
1.12
1.04
3.92

[0.68–1.00]
[0.92–1.26]
[0.87–1.30]
[0.70–1.03]
[0.48–2.58]
[0.76–1.42]
[1.57–9.79]

−1.90
1.02
0.64
−1.66
0.26
0.27
2.96

106
3848
106
106
2652
3848
106

.059
.306
.518
.098
.789
.786
.004

Coefﬁcients represent relations between the predictor and log odds of experiencing a temptation or smoking controlling for recent smoking, time between reports, and time
since quit day. SE = standard error; OR = odds ratio; 95% CI = conﬁdence interval.
a
Random coefﬁcient. All other predictors were treated as ﬁxed to facilitate model parsimony and convergence.
b
Momentary impulsiveness data available for N = 2930 reports.

Table 4
Trimmed multiple predictor HLM model of the effects of predictors (t0 ) on smoking outcome (t1 ).
Fixed effect
Temptation vs. abstinent
Intercepta
Baseline nicotine dependencea,b
Recent smoking (prior to t0 , 1 = yes, 0 = no)
Time between reports (t0 to t1 )
Time since quit day (0 = week 1; 1 = week 2–3)
Agitationa
Distress
Urgea
Alcohola
Smoking vs. temptation
Intercepta
Baseline nicotine dependencea,b
Recent smoking (prior to t0 , 1 = yes, 0 = no)
Time between reports (t0 to t1 )
Time since quit day (0 = week 1; 1 = week 2–3)
Agitationa
Distress
Urgea
Alcohola

Coefﬁcient

SE

OR

95% CI

−0.06
0.04
−0.19
0.02
−0.77
0.20
−0.05
0.48
−0.46

0.24
0.02
0.16
0.02
0.12
0.09
0.10
0.08
0.52

0.94
1.04
0.82
1.02
0.46
1.22
0.95
1.60
0.62

[0.58–1.54]
[1.01–1.08]
[0.60–1.12]
[0.96–1.08]
[0.36–0.58]
[1.02–1.48]
[0.78–1.14]
[1.35–1.92]
[0.22–1.74]

−0.94
−0.004
1.24
0.14
0.56
−0.28
0.26
−0.14
1.31

0.23
0.02
0.14
0.03
0.13
0.10
0.10
0.10
0.49

0.39
1.00
3.46
1.15
1.75
0.75
1.30
0.87
3.71

[0.24–0.62]
[0.96–1.03]
[2.58–4.63]
[1.08–1.23]
[1.35–2.28]
[0.60–0.92]
[1.06–1.60]
[0.72–1.06]
[1.40–9.89]

T-ratio

Approx. df

p-value

−0.22
2.54
−1.22
0.79
−6.59
2.18
−0.52
5.42
−0.90

105
105
3206
3206
3206
106
3206
106
106

.820
.013
.223
.428
<.001
.031
.600
<.001
.367

−4.04
−0.21
8.37
4.18
4.22
−2.70
2.58
−1.40
2.66

105
105
3206
3206
3206
106
3206
106
106

<.001
.834
<.001
<.001
<.001
.008
.010
.164
.009

Multiple predictor HLM model including level 1 and level 2 covariates. Non-signiﬁcant variables were pruned from the model. SE = standard error; OR = odds ratio; 95%
CI = conﬁdence interval.
a
Random coefﬁcient. All other predictors were treated as ﬁxed to facilitate model parsimony and convergence.
b
Baseline nicotine dependence measured by the total score on the WISDM-68. Similar results are obtained using the FTND total score (temptation vs. abstinent: coefﬁcient = 0.22, SE = 0.09, OR = 1.24, 95% CI [1.02–1.50], t(105) = 2.28, p = .02; smoking vs. temptation: coefﬁcient = 0.02, SE = 0.09, OR = 1.02, 95% CI [0.85–1.22], t(105) = 0.24,
p = .80).

Interactions between level-1 predictors were examined and two
primary ﬁndings were noted. Urge and agitation had a signiﬁcant
synergistic relationship (B = 0.12, SE = 0.06, t(3844) = 1.98, p = .047).
Urge was more strongly related to later temptation in agitated
states compared to times when agitation was low (Fig. 2a). Additionally, cigarette exposure signiﬁcantly moderated the relation
between urge and experiencing temptations (B = 0.32, SE = 0.12,
t(3844) = 2.72, p = .006) (Fig. 2b). Speciﬁcally, smokers were much
more likely to report a strong temptation following times of heightened urge if cigarettes were available (OR = 19.09) than if cigarettes
were not available (OR = 4.76). In secondary analyses, the interaction between impulsiveness and positive affect was signiﬁcant
(B = 0.89, SE = 0.44, t(2648) = 2.00, p = .046). Positive affect was more
protective against temptations in states of low momentary impulsiveness compared to high momentary impulsiveness (Fig. 2c).

3.3. Smoking vs. temptation
Multinomial models also estimated the odds of smoking vs.
experiencing a temptation without smoking (Tables 3 and 4 bottom panel). The odds of smoking were greater 2–3 weeks post-quit
compared to the ﬁrst week after the target quit-day. Additionally, smoking (vs. temptation) was more likely when smoking
had occurred at the previous report and when more time lapsed
between predictor and outcome reports (t0 –t1 ). Consistent with
our hypotheses, higher distress and recent alcohol consumption
predicted greater odds of smoking at the next report. Contrary to
expectations, higher agitation predicted lower odds of smoking, or
increased odds of resisting a temptation without smoking. In models comparing smoking vs. abstinent, untempted events, smoking
was predicted by urge (B = 0.33, SE = 0.08, t(106) = 3.97, p < .001) and
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b. Urge x Cigaree Exposure
Predicng Temptaon
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5

35

4
2.94

3
2

1.56

1.04
1

0.56

0
Urge Low

Urge Mid

Urge High

Log Odds Temptaon vs. Absnent

c. Posive Aﬀect (PA) x State
Impulsiveness Predicng Temptaon
0.4
0.30
0.21
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Fig. 2. (a)–(c) Level-1 interactions predicting log odds of temptation vs. abstinence. Interaction effects of urge × agitation, urge × cigarette exposure, and positive
affect × impulsiveness on the log odds of experiencing a temptation. To plot these effects for the continuously scaled constructs, log odds were calculated from low (1
SD below mean), mid (mean), and high (1 SD above mean) range values. Impulsiveness values reﬂect square-root percent commission errors on a momentary behavioral
disinhibition task. Log odds can be exponentiated to derive odds ratios of experiencing a temptation (ex ). (a) Solid line = high agitation; dashed line = low agitation. (b) Solid
line = easy access to cigarettes; dashed line = no cigarettes available. (c) Solid line = high impulsiveness; dashed line = low impulsiveness.

State (EMA) x Trait (BIS) Impulsiveness
Predicng Smoking
Log Odds Smoking Vs. Temptaon

distress (B = 0.22, SE = 0.10, t(3206) = 2.15, p = .031), but not agitation (B = −0.08, SE = 0.10, t(106) = −0.82, p = .411).
The pattern of results was the same when removing n = 11
participants who continued smoking post-lapse and did not
provide additional temptation or abstinent reports. The pattern
of results was unchanged when controlling for nicotine lozenge
use between t0 and t1 . Lozenge use was signiﬁcantly protective against smoking (vs. experiencing a temptation) (B = −1.10,
SE = 0.16, t(3033) = −6.65, p < .001).
No interactions between level-1 predictors were signiﬁcant. Secondary analyses examining the inﬂuence of momentary
impulsiveness indicated a non-signiﬁcant interaction between
impulsiveness and context. Speciﬁcally, momentary impulsiveness
was marginally more likely to lead to smoking if alcohol was
recently consumed than if alcohol was not consumed (B = 5.42,
SE = 2.83, t(2648) = 1.91, p = .056).
Although there was not a signiﬁcant main effect for momentary impulsiveness on smoking risk, baseline impulsiveness was
a signiﬁcant moderator of this relationship (B = 0.12, SE = 0.04,
t(2018) = 2.78, p = .005). Within-person momentary impulsiveness
was more strongly related to smoking for individuals with higher
(vs. lower) self-reported trait impulsiveness measured by the BIS
(Fig. 3).

0.3
0.25

0.25
0.22

0.2
0.15

0.17
0.13

0.1
0.05
0
Low

Mid

High

State Impulsiveness
Fig. 3. Cross-level interaction between state and trait impulsiveness predicting log
odds of smoking vs. temptation. Interaction between state impulsiveness (measured
by momentary behavioral disinhibition) × trait impulsiveness (measured by the Barratt Impulsiveness Scale, BIS-11). To plot these effects, log odds were calculated from
low (1 SD below mean), mid (mean), and high (1 SD above mean) range values for the
momentary behavioral disinhibition task. Log odds can be exponentiated to derive
odds ratio of smoking (ex ). Solid line = high trait impulsiveness measured by BIS;
dashed line = low trait impulsiveness measured by BIS.

4. Discussion
The current project used time-lagged multinomial hierarchical linear modeling to evaluate the independent and interactive
effects of relapse risk factors on experiencing strong temptations
and smoking up to 8 h later in smokers trying to quit. The results

suggest the determinants of temptations and smoking differ, and
that both are inﬂuenced by combinations of risk factors above and
beyond their main effects. Studying more complex relationships
between risk factors may provide new information about relapse
mechanisms.
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Several risk factors were signiﬁcantly related to experiencing a
strong temptation (vs. being abstinent and untempted) including
greater nicotine dependence and higher within-person agitation
and urge at the previous report. Although it is not surprising
that urge ratings predicted later temptation, these measures were
assessed in distinct ways and this relation was signiﬁcant even
when controlling for experiencing a strong temptation at the previous report. Additionally, the modest odds ratio suggests there may
be conceptual distinctions between urge and temptation (as supported by previous work, e.g., Shiffman et al., 1996). Additionally,
distress and positive affect were univariate predictors of temptation, but were non-signiﬁcant in the multiple predictor model.
There were notable interactions between urge, affect, and context.
Speciﬁcally, urge and agitation had synergistic effects on temptation risk, and although there was not a main effect of cigarette
exposure, urge was more strongly related to later temptations
when cigarettes were available. Secondary analyses suggested an
interaction between impulsiveness and affect, such that states of
high impulsiveness reduced the protective effect of positive affect
on temptation risk.
In models predicting smoking (vs. resisting a temptation without smoking), higher momentary distress predicted signiﬁcantly
greater smoking risk while higher agitation unexpectedly predicted
resisting temptations without smoking. These effects emerged as
signiﬁcant in the multivariate model, but not the single predictor models. Agitation and distress appear to tap different smoking
motivation processes and their independent inﬂuence may be more
pronounced once other variance is accounted for. Additionally,
recent alcohol use signiﬁcantly predicted smoking versus resisting
a temptation. Secondary analyses revealed that impulsiveness was
more strongly related to later smoking when alcohol was recently
consumed, and those with high baseline self-reported impulsiveness were at greater risk.
Interestingly, the effect of several of these predictors was
strongest for the ﬁrst week post-quit compared to the following
two weeks. Additionally, smokers were less likely to experience
temptations and more likely to smoke over time. Taken together,
our results suggest smokers reach a steady state around the ﬁrst
week of quitting which coincides with research showing rapid
returns to smoking after quitting (Baker et al., 2007). In the current
study, smokers were 3.5 times more likely to smoke than resist temptations if they recently smoked (vs. abstained). These ﬁndings may
reﬂect the abstinence violation effect (Marlatt and Gordon, 1985),
suggesting smokers gave up on the quitting process after initial
failure. Thus, there may be a critical post-quit window where it is
important to achieve initial success resisting temptations or receive
support to rebound from initial failure.
All results are in the context of standard care with counseling and nicotine lozenge. Smokers experienced strong temptation
and smoking episodes despite this treatment, suggesting our
approaches may need to be strengthened. Counseling smokers to
cope with different facets of negative affect or to avoid high-risk
situations such as cigarette and alcohol exposure may be critical
to cessation success. Also, smokers with greater nicotine dependence or trait impulsiveness may be particularly at risk and require
additional interventions to quit.
There are limitations to the current study which should be considered. First, the results are subject to reporting bias due to missing
responses to EMA prompts. Additionally, the optimal time-frame
to capture the mechanisms driving temptations and smoking is
unknown. We attempted to control for lag between predictor and
outcome by limiting the time between reports, yet longer time
between reports remained a signiﬁcant predictor of smoking. More
frequent EMA assessment or use of complementary methods (i.e.,
laboratory studies) may be needed to identify the most proximal lapse mechanisms. We were unable to examine differences

between lapse events for those who lapsed once and recovered
abstinence compared to those who lapsed multiple times, given the
infrequent occurrence of single lapses in our sample (n = 17). Future
work may beneﬁt from identifying differences in the characteristics
of single versus chronic lapses. In addition, there is limited information on the psychometric properties of brief momentary measures.
There may be particular challenges to assessing in vivo disinhibition including reduced attention or compliance with the task, so
replication and evaluation of construct validity using complementary measures of impulsiveness will be important in future work.
Furthermore, we had limited power to detect interactions between
report- and person-level variables. The inﬂuence of other baseline
and personality variables should be examined in future studies.
The current study provides new information about key risk factors for temptations and smoking behavior after quitting. These risk
factors were detectable in advance of temptations and smoking,
suggesting potential targets for near- or real-time interventions.
Additionally, this study is among the ﬁrst to document ways realtime measures of affect, urge, and context combined to modify
short-term risk for temptations and smoking. Examining complex models of smoking risk may be a critical step in improving
our understanding of lapse processes and informing intervention
development.
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