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Abstract
Laboratory and ad libitum smoking studies have indicated that alcohol consumption increases the
frequency and intensity of smoking urges. However, few studies have examined the relation
between smoking urges and alcohol use in natural settings during a quit attempt. The purpose of
this study was to examine the relationships between smoking urge and alcohol use in women who
reported drinking on at least one occasion during the first 7 days of a smoking quit attempt (N =
134). Participants were asked to use a palmtop computer to complete assessments that recorded
smoking urges and recent alcohol use. Multilevel analyses examined the relation between smoking
urge parameters and alcohol use. Smoking urges were higher during assessments where alcohol
had been recently consumed compared to assessments where no alcohol had been consumed.
Interestingly, the first urge rating of the day was higher and urges were more volatile on days
where alcohol would eventually be consumed as compared to days where no alcohol was
consumed. A closer examination of urge parameters on drinking days indicated that smoking urge
trajectory was significantly flatter and urge volatility was significantly higher following alcohol
consumption. However, smoking urge trajectory also flattened later in the day on nondrinking
days. The findings suggest that there may be reciprocal relations between smoking urge and
alcohol use (e.g., higher initial urges and more volatile urges may increase the likelihood of
alcohol use; and, alcohol use may impact within day smoking urge parameters), and these
relations could potentially impact smoking cessation and relapse.
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Introduction
The association between smoking and alcohol use is well documented. Smokers consume
more alcohol than non-smokers, and drinkers are more likely to smoke than are non-drinkers
(e.g., Bien & Burge, 1990; Dawson, 2000; Friedman, Tekawa, Klatsky, Sidney, &
Armstrong, 1991). In controlled laboratory studies, individuals smoke more after consuming
alcohol than placebo (e.g., Griffiths, Bigelow, & Liebson, 1976; Mitchell, de Wit, & Zacny,
1995). Increased smoking after drinking has also been repeatedly demonstrated in studies
using ecological momentary assessment (EMA) to assess smoking in the natural
environment (e.g., Piasecki, McCarthy, Fiore, & Baker, 2008; Shapiro, Jamner, Davydov, &
James, 2002; Shiffman et al., 1994; Shiffman et al., 2002; Shiffman & Paty, 2006).

The correlation between alcohol and tobacco use may be due to a cross-drug priming effect,
where the use of one substance increases craving for the other (Rohsenow et al., 1997). In
laboratory studies, alcohol consumption significantly increases the intensity of smoking
urges in moderate to heavy drinkers relative to ingestion of a placebo (Burton & Tiffany,
1997; King, McNamara, Conrad, & Cao, 2009). Similar relationships are reported in
chippers (Epstein, Sher, Young, & King, 2007; Sayette, Martin, Wertz, Perrott, & Peters,
2005), light smokers (e.g., King & Epstein, 2005), and heavy smokers (e.g., Sayette et al.,
2005). Moreover, the quantity of alcohol consumed is positively correlated with subsequent
smoking urges (Epstein et al., 2007; King & Epstein, 2005), and studies using EMA to
assess behaviors in their natural contexts indicate that alcohol use is associated with more
frequent and greater self-reported urges to smoke (e.g., Delfino, Jamner, & Whalen, 2001;
Piasecki et al., 2008).

The association between alcohol use and smoking urge is especially important during a
smoking cessation attempt. Smokers required to abstain from smoking who then receive
alcohol have higher urges to smoke than those who receive placebo (Epstein et al., 2007;
Kirchner & Sayette, 2007). Other research demonstrates that the odds of relapse are higher
on days when alcohol is consumed as compared to non-drinking days (e.g., Kahler, Spillane,
& Metrik, 2010; Shiffman, 1982; Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996). One
hypothesis is that drinking during a smoking quit attempt could activate brain reward
pathways common to both drugs or cue urges to smoke due to previously repeated pairings
of alcohol and tobacco use (e.g., Little, 2000; Rose et al., 2004; Zacny, 1990). Preliminary
support for this hypothesis comes from a recent study demonstrating that smoking urges
mediate the relation between postcessation alcohol use and smoking relapse at the one year
follow-up (Hendricks, Delucchi, Humfleet, & Hall, 2012).

Other studies suggest that stressors may induce alcohol consumption (e.g., Brady & Sonne,
1999; Frone, 2008; Pelham & Lang, 1999; Sayette, 1999). Quitting smoking often induces a
considerable amount of stress and negative affect in addition to urges to smoke. Thus,
during a smoking cessation attempt, individuals may use alcohol in an attempt to cope with
cessation induced stress, negative affect, and urges to smoke, consistent with the tension
reduction hypothesis (Conger, 1956; Sayette, 1999). Such an effect could serve to create a
“vicious” cycle in which greater smoking urges lead to alcohol consumption, that in turn,
leads to greater urges to smoke and higher likelihood of relapse. However, to date few data
exist to address this hypothesis and no studies have yet used EMA to assess the relation
between smoking urges and alcohol use early in the quitting process, when smoking relapse
is most likely (e.g., Brandon, Tiffany, Obremski, & Baker, 1990; Garvey, Bliss, Hitchcock,
Heinold, & Rosner, 1992). Better understanding the association of alcohol use with urges to
smoke in smokers’ natural settings could help to inform future efforts to reduce smoking
relapse.
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Study Purpose
Prior research has indicated that women may have greater difficulty quitting smoking than
men (e.g., Scharf & Shiffman, 2004; Wetter et al., 1999), and therefore, may benefit from
different interventions than men. The current study examined the relation between urge to
smoke and alcohol consumption using EMA among women trying to quit smoking. Data
were collected in a randomized clinical trial that aimed to evaluate the efficacy of an
individually tailored palmtop computer delivered treatment that specifically focused on the
reduction of smoking relapse in women (Wetter et al., 2011).

The current study compared: 1) urge ratings recorded during assessments when alcohol was
recently consumed with those recorded during assessments when no alcohol was consumed,
2) smoking urge intercept, trajectory, and volatility recorded on drinking days with those
recorded on non-drinking days, and 3) within day urge trajectory and volatility recorded
prior to alcohol consumption with those recorded following alcohol consumption. We
hypothesized that:

1. Urge to smoke and alcohol use would be positively related. Specifically, smoking
urges would be higher during assessments where alcohol was recently consumed as
compared to assessments where no alcohol was consumed.

2. Participants would attempt to reduce smoking urges through the consumption of
alcohol. Thus, smoking urge parameters (e.g., intercept, slope, and volatility) would
be higher on drinking than on non-drinking days.

3. Alcohol would have a priming effect on smoking urges. Thus, within day smoking
urge parameters (i.e., urge slope and volatility) would significantly increase
following the consumption of alcohol.

Method
Participants

Participants were 302 female smokers recruited from the Seattle metropolitan area between
1999 and 2002. All participants were enrolled in a smoking cessation study that utilized an
individually tailored, palmtop computer delivered treatment (Wetter et al., 2011). Women
were eligible to participate if they were between 18 and 70 years of age, smoked at least 10
cigarettes per day, had an expired breath carbon monoxide level ≥ 10 parts per million
(ppm), and could speak, read, and write in English. Participants were excluded if they
reported: 1) current use of tobacco products other than cigarettes, 2) current use of
bupropion, 3) contraindication for nicotine patch use, or 4) current psychiatric disorders (i.e.,
substance use disorder, anxiety disorder, major depression, eating disorder) as assessed with
a shortened version of the Primary Care Evaluation of Mental Disorders (PRIME-MD;
Spitzer, Kroenke, Williams, & and the Patient Health Questionnaire Primary Care Study,
1999). Further details of the design and participant flow through the parent study are
available elsewhere (Cofta-Woerpel et al., 2011; Wetter et al., 2011). Participants who
reported consuming alcohol on at least one occasion during the first 7 days of a quit attempt
(n = 134) were included in the current study.

Procedure
Women were recruited through media advertisements (print and radio) and were screened
over the phone. Eligible participants attended an orientation session, at which time they set a
quit date. All participants received a palm-top personal computer (PPC; Casio model E-10),
were instructed on how to use the PPC, and were instructed to carry the PPC with them at all
times. The PPC’s were used to conduct daily EMA assessments.
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The benefits of EMA over traditional retrospectively recalled assessments has been
described in detail (e.g., Shiffman, 2009; Shiffman et al., 1997). Briefly, EMA allows
ecologically valid data collection about behaviors, thoughts, and feelings and involves
repeated administration of assessments in near real time, in participants’ natural
environments. Moments are sampled on either an event or random schedule and event and
time-based assessments are combined and compared, within and across participants. EMA is
commonly used to describe smoking topology and the predictors of smoking urges, lapse,
and relapse (e.g., Cofta-Woerpel et al., 2011; Javitz, Lerman, & Swan, 2012; Piasecki,
Jorenby, Smith, Fiore, & Baker, 2002, 2003), often disconfirming conventional wisdom
about the relationships between these variables (Shiffman, 2009). In the current study,
participants were asked to complete four computer-initiated, random assessments cued by
the PPC each day during the participant’s normal waking hours. In addition, participants
were asked to complete a “temptation” assessment each time they experienced an urge to
smoke. Participants completed EMAs for 7 consecutive days beginning on their quit day.
Information from these assessments was used to tailor a subsequent PPC delivered treatment
(see Wetter et al., 2011 for details about the PPC treament). Project staff were available to
answer any questions related to the use of the PPC.

Participants were compensated based on the percentage of random assessments completed
(50%-69%: a $10 gift certificate, 70%-89%: a $25 gift certificate, ≥90%: a $50 gift
certificate). Participants were not compensated for completing urge assessments. The
average amount of time required to complete each assessment ranged from two to four
minutes.

All participants received smoking cessation treatment based on the Smoking Cessation
Clinical Practice Guideline recommendations (Fiore et al., 1996). Treatment included five
one-hour group counseling sessions and six weeks of 21-mg nicotine patch. The first
counseling session occurred 3 days prior to the quit date and the last occurred on day 7 post-
quit.

Baseline Survey Measures
Standard self-report data were collected at baseline, including participants’ demographic
characteristics (age, marital status, education, income, and race/ethnicity), smoking
characteristics, and level of nicotine dependence (assessed via the Fagerström Test for
Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 1991).

Ecological Momentary Assessment Measures
Participants completed both computer-initiated random assessments and participant-initiated
urge assessments for 7 consecutive days beginning on their quit date. All EMA assessments
were date and time stamped, in order to examine the effects of Day of Assessment (i.e., day
1 through day 7) and Time of Assessment on smoking urge. An additional predictor, Daily
Drinking Status (i.e., drinking day vs. non-drinking day) was created using information from
the “alcohol consumption” item. Drinking days refer to days in which participants indicated
that they consumed alcohol at one or more assessments and non-drinking days refer to days
in which participants indicated that they did not consume any alcohol. During each random
and urge event EMA assessment, participants rated their current urge to smoke (“How
strong is your urge to smoke”) on a five point scale that ranged from “no urge” to “severe
urge.” Each participant also indicated “yes” or “no” to the following item: “I am currently or
have recently been drinking alcohol.”
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Follow-up Measures
At each in person counseling session (i.e., days 3, 5, and 7), participants self-reported their
smoking status and provided a breath sample for biochemical confirmation. Persons who
self-reported not smoking and had CO levels of < 10 ppm were considered abstinent.

Data Analysis Plan
Taking into account the dependent nature of nested longitudinal EMA data (i.e., assessment
ratings nested within days nested within participants; see Raudenbush & Bryk, 2002), the
PROC MIXED procedure in SAS (Littell, Milliken, Stroup, Wolfinger, & Schabenberger,
2006) was used to conduct linear multilevel modeling (LMM) analyses. LMM efficiently
handles unbalanced designs and missing data without excluding participants or imputing
values (Gibbons et al., 1993; Gibbons, Hedeker, Waternaux, & Davis, 1988). LMMs were
used to:1) estimate the effects of Alcohol Consumption (i.e., alcohol consumption at the
time of assessment vs. non alcohol consumption at the time of assessment) and Day of
Assessment (i.e., assessment day 1 through day 7) on individual EMA urge ratings recorded
across the 7-day assessment period; and, 2) estimate the effects of Daily Drinking Status
(i.e., drinking day vs. non-drinking day) and Order of Assessment (i.e., first through last
assessment of the day) on individual EMA urge ratings recorded within a single day.

Preliminary analyses of an intercept-only model (i.e., a model with no predictors) found that
an unstructured covariance matrix fit the correlation structure in the dataset best. A standard
approach to model building was followed in which the main effect of predictors and their
interaction terms were entered into the model, in a stepwise fashion, to predict smoking urge
ratings. Under the assumption that the effects of the predictors on urge were the same for all
participants, all predictors were initially entered as fixed-effect predictors. However, the
nested data structure might reveal that the effects of predictors on urge vary across
participants. Therefore, to allow the relationship between the predictors and urge to be
different for each participant, random effects for predictors were entered into the models
(see Hedeker, Mermelstein, Berbaum, & Campbell, 2009 for a discussion of modeling
random effects in EMA smoking data). A log likelihood ratio test evaluated if adding these
random effects significantly improved the model goodness-of-fit over models in which
predictor effects were fixed.

In addition, an urge volatility index was calculated for each participant using the successive
change approach recommended by Trull and colleagues (see Jahng, Wood, & Trull, 2008).
The successive change approach quantifies volatility by taking into account observations’
variability and temporal dependency over time by calculating the squared difference
between successive observations. However, to accommodate the fact that in EMA research,
observations are often unevenly spaced over time, an adjustment was made in which the
squared difference between two successive observations was divided by the temporal
difference between those two observations (see Jahng et al., 2008). A daily volatility index
was then computed by averaging all the adjusted squared successive differences within a
day. Furthermore, to compare urge volatility reported by smokers before they drank with
that reported by smokers after they drank, drinking days were divided into pre-drinking and
post-drinking periods and separate urge volatility indices were calculated for each period.
LMMs were used to examine the effect of alcohol consumption on urge volatility before and
after drinking on days that participants consumed alcohol.

Finally, a two-rate piecewise model (Raudenbush & Bryk, 2002), a special case of LMM,
was used to compare urge trajectories before and after drinking on days that participants
consumed alcohol. That is, using the time of the first alcoholic drink of a day as the
transition point, a day was split into pre-drinking and post-drinking periods. Urge
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trajectories were estimated for pre-drinking and post-drinking periods and then compared to
determine if alcohol use had an impact on these urge parameters.

Results
Participant characteristics are shown in Table 1. During the first week post-cessation, 134
participants reported having at least one alcoholic drink and were included in the analytic
sample. Participants completed 5,625 random and temptation assessments on a cumulative
926 days of monitoring. Most participants (92%) completed assessments on each day of
EMA monitoring period, while 8% of participants completed assessments on 6 out of 7 days
and one participant completed assessments on 5 out of 7 days. The majority of completed
assessments (n = 2,973; 53%) were initiated by participants in response to smoking urges
(i.e., temptation assessments), and the remaining assessments (n = 2,652; 47%) were
randomly initiated by the PPC. On average, participants completed 20.03 (SD = 4.49)
random assessments and 22.17 (SD = 11.72) temptation assessments during the 7-day
monitoring period.

The overall compliance rate for random assessments was 79.2% (range: 27 – 100%).
Approximately 34% of the participants completed less than 75% of their scheduled random
assessments. No significant association was found between the number of completed
random assessments and the number of completed temptation assessments initiated by
participants.

Out of the 5,625 completed assessments, 433 (7.7%) were completed by participants after
they had recently consumed alcohol. Participants indicated that they consumed alcohol on
268 (29%) of the 926 days of monitoring. Assessments in which participants reported recent
alcohol use were generally later in the day than assessments in which alcohol was not
recently consumed, F (1, 5478) = 331.12, p < .0001. Participants completed more
assessments on days (mean = 7.07, standard error [SE] = .21) when alcohol was consumed
than days when alcohol was not consumed (mean = 5.65, SE = .17; t = 8.31, p < .0001).
More specifically, participants initiated significantly more temptation assessments on
drinking (mean = 3.98; SE = .18) than on non-drinking days (mean = 2.89; SE = .15; t =
7.37, p < .0001); and completed more random assessments on drinking days (mean = 3.08;
SE =.08) than on non-drinking days (mean = 2.76; SE = .08; t = 4.17, p < .01).

Urge Ratings at Drinking and Non-drinking Assessments across the 7-day EMA Period
To examine the hypothesis that urges would be higher during assessments where alcohol
was recently consumed as compared to assessments where no alcohol was consumed, three-
level LMMs were constructed (i.e., assessment ratings nested within Day of Assessment
nested within persons) with Alcohol Consumption and Day of Assessment as predictors of
smoking urge. We compared models that assumed the effect of predictors on urge to be
constant across participants (i.e., fixed effects) with those that assumed the effect of
predictors on urge to be varied (i.e., random effects). Adding random effects for both
Alcohol Consumption and Day of Assessment significantly improved model fit as compared
to models that included: 1) only the random effect for Alcohol Consumption (Δχ2 = 23.9, p
< .01), 2) only the random effect for Day of Assessment (Δχ2 = 29.3, p < .01), and 3) both
Alcohol Consumption and Day of Assessment treated as fixed effects (Δχ2 = 53.4, p < .01).
Using the best-fitting model, we found a significant Alcohol Consumption × Day of
Assessment interaction effect on urge ratings, F (1, 5476) = 5.81, p = .02. As indicated in
Figure 1, smoking urge ratings where participants reported recent alcohol consumption were
significantly higher than those recorded when participants reported no alcohol consumption,
t (5476) = 2.68, p < .001. Furthermore, smoking urges recorded when participants reported
recent alcohol consumption remained relatively constant (rate of change = −.04), whereas
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smoking urges recorded at assessments where no alcohol was consumed dropped across the
7 day monitoring period (rate of change = −.12). These rates of change were significantly
different from one another, t (5476) = 2.41, p = .02. Results remained significant after
controlling for relevant covariates (i.e., lapse status, time of assessment, and number of
assessments completed per day).

Urge Intercepts and Trajectories on Drinking Versus Non-drinking Days
To examine the hypothesis that smoking urge parameters (e.g., intercept, slope, and
volatility) would be higher on drinking than on non-drinking days, we regressed within-day
urge trajectories on Daily Drinking Status and Order of Assessment. The model with
random effects for Order of Assessment significantly improved the model’s fit over the
model in which all predictors were treated as fixed effects (Δχ2 = 36.0, p < .01). The log
likelihood test indicated that adding random effects for Daily Drinking Status effect did not
significantly improve model fit (Δχ2 = 3.8, ns), and therefore, the random slope parameter
for Daily Drinking Status was not added into the final model.

Using the best-fitting model, we found a significant Daily Drinking Status main effect (F (1,
5483) = 28.84, p < .0001), such that participants reported higher urges to smoke on drinking
days than non-drinking days. In addition, the main effect for Order of Assessment was
significant (F (1, 5483) = 51.05, p < .0001). This finding indicated that smoking urge ratings
were higher later in the day than earlier in the day. The interaction between Daily Drinking
Status and Order of Assessment was not significant (F (1, 5482) = 2.76, p = .091). Figure 2
shows that participants reported significantly higher urge ratings on drinking days (simple
intercept = 1.46) than on non-drinking days (simple intercept = 1.28; t (5483) = 5.37, p < .
0001). Adding participant lapse status and number of non-drinking assessments completed
per day as covariates did not significantly alter the results.

Urge Volatility on Drinking Versus Non-Drinking Days
To examine urge volatility, we calculated a mean daily urge volatility index for each
participant for each day using Jahng’s equation (Jahng et al., 2008). The use of a daily mean
urge volatility index resulted in a two-level data structure where daily urge volatility indices
were nested within participants. Therefore, we used 2-level LMMs to examine the effects of
alcohol consumption on urge volatility. After regressing the daily urge volatility index on
Daily Drinking Status, we found that adding a random slope effect for Daily Drinking Status
did not significantly improve model fit (Δχ2 = 3.78, ns), and therefore, a random effect
parameter was not added to the model. The final model indicated a significant main effect of
Daily Drinking Status, F (1, 771) = 11.60, p < .001. Thus, participants’ urge volatility index
was significantly higher on drinking days (volatility index estimate = 1.99) than on non-
drinking days (volatility index estimate = 1.58, t [771] = 3.33, p < .001). This effect
remained significant after controlling for relevant covariates (i.e., lapse status and number of
non-drinking assessments completed per day).

Urge Trajectory and Volatility before and after First Alcoholic Drink
To examine the hypothesis that within day smoking urge parameters (i.e., urge slope and
volatility) would significantly increase following the consumption of alcohol, we used the
time of first alcoholic drink as the transition point to divide drinking days into separate pre-
drinking and post-drinking periods. Two-rate piecewise models were employed to estimate
separate trajectories for each period. Because participants took their first alcoholic drink at
different times and time correlated positively with smoking urge, the trajectories were
estimated while controlling for the time of the first alcohol drink. The results showed that on
days that participants consumed alcohol, urge trajectory significantly increased prior to their
first drink, t (1715) = 5.98, p < .0001 (see Figure 3). After their first drink, the post-drinking
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trajectory flattened significantly from that of the pre-drinking period, t (1715) = −2.40, p < .
05. This finding was counter to our hypothesis that drinking would increase smoking urge
trajectory. We repeated the final model analyses after adding participant lapse status and
number of drinking and non-drinking assessments completed per day as covariates. Adding
these covariates did not significantly alter the results.

LMM was also used to compare urge volatility before and after a participant consumed
alcohol. Only days in which participants consumed alcohol and completed two or more
assessments before and after alcohol consumption were included in this analysis (i.e., urge
volatility cannot be calculated with only one assessment). This resulted in 117 days of data
collected from 80 participants (original N = 134). Earlier analyses showed that smoking
urges were higher later in the day as compared to urges recorded earlier in the day. To
control for the possibility that smoking urges also became increasingly volatile as a day
progressed, daily trajectories of smoking urge volatility were computed for each participant
and included in the analysis as a covariate. Controlling for the trajectories of urge volatility
and the time of first alcohol drink, results revealed that on any given drinking day, urge
volatility measured during the post-drink period (β = 1.48) was significantly higher than that
measured in the pre-drink period (β = 0.88), F (1, 140) = 4.93, p < .05. Analyses were
repeated after controlling for lapse status and number of drinking assessments completed per
day. Including these covariates did not significantly modify these results.

Post Hoc Analyses
Finally, we examined the trajectory and volatility of smoking urges on days where alcohol
was not consumed. Using the mean time of first drink on drinking days as a standard cut-
point, we split non-drinking days into two periods. We then used a two-rate piecewise model
to estimate separate trajectories for the pre cut-point and post cut-point periods. Results
indicated that smoking urge increased prior to the cut-point on non drinking days (t = 5.47, p
< .0001), and significantly flattened during the post cut-point period (t = −3.15, p < .01).
Thus, results mirrored the analysis that compared urge trajectory before and after the first
drink on drinking days (i.e., smoking urge trajectory was significantly flatter during the post
cut-point period as compared to the pre cut-point period). Follow-up analyses indicated that
the pre drinking trajectory (drinking days) was not different from the pre cut-point trajectory
(non-drinking days), F (1, 3086) = 1.36, p =.24, and the post drinking trajectory was not
different from the post cut-point trajectory (non drinking days), F (1, 1694) = 0.53, p = .47
(see Figure 3).

Discussion
The current study examined the relation between alcohol use and urge to smoke during the
first week of smoking cessation among women participating in treatment. There were four
key findings. First, overall smoking urge ratings were higher during assessments where
alcohol was recently consumed than when no alcohol had been consumed. Second, the
reduction in smoking urge ratings across the first postcessation week was greater for
nondrinking assessments than drinking assessments. Third, smoking urge parameters (i.e.,
intercept, volatility) were higher on drinking days than non-drinking days. Findings indicate
that smoking urges were of greater intensity and showed greater volatility on drinking days
than non-drinking days even before the individual began to drink, suggesting that alcohol
consumption could have been a response to adverse smoking urge trajectories rather than
vice versa. Finally, although within day smoking urge trajectory did not increase following
alcohol consumption, urge volatility did increase following alcohol consumption. The
findings of this study expand upon previous work showing relationships between smoking
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urges and alcohol use, and have important implications for understanding the association
between alcohol use and smoking urges.

The first key finding was that across the first 7 days of a quit attempt, smoking urge was
higher at assessments where alcohol had recently been consumed than at assessments where
alcohol had not been consumed. In addition, urge to smoke, as reported during assessments
where no alcohol was consumed, attenuated across the first week post-cessation. This
finding is consistent with previous research showing that smoking urges spike soon after the
onset of abstinence and then attenuate across the first week post-cessation (e.g., Piasecki et
al., 2000). However, smoking urges recorded after consuming alcohol remained relatively
high across the entire 7 day EMA period. Thus, one way that alcohol use may increase the
likelihood of relapse is by engendering urges later in the cessation process that are similar in
severity to those experienced immediately after quitting

Regardless of daily drinking status, overall urge to smoke increased as the day progressed
(see Figure 2). This finding is consistent with previous work that has examined within day
smoking urge following smoking cessation (Teneggi et al., 2002). However, urge to smoke
started higher (as measured by the intercept), and urge volatility was significantly greater on
days where alcohol would eventually be consumed than days where no alcohol was
consumed. The difference in the rate of increase in urge ratings within drinking versus
nondrinking days (i.e., slope) approached significance, suggesting that urge severity may
increase at a greater rate on drinking days as compared to non-drinking days. In other words,
stronger, more volatile, and increasingly severe urges to smoke may be harbingers for
alcohol consumption in women during the early phase of a smoking quit attempt. Although
few studies have examined the prospective relation between smoking urges and subsequent
alcohol use, Cooney and colleagues (2007) demonstrated that alcohol dependent individuals
undergoing concurrent alcohol and smoking cessation treatments were more likely to have
an alcohol relapse during periods of high smoking urges as compared to periods of low
urges to smoke. In addition, Palfai, Monti, Ostafin, and Hutchison (2000) found that acute
tobacco deprivation was related to increased urges to consume alcohol in a sample of
“hazardous drinkers.” Those findings, coupled with the results of this study, suggest that
abstinent smokers may consume alcohol in an attempt to cope with greater smoking urge
severity that occurs prior to drinking onset. Similarly, smokers may attempt to dampen urge
volatility or an increase in urge magnitude across the course of a day by drinking. To the
best of our knowledge, the current study is the first to find that smoking urges may actually
increase the likelihood of alcohol consumption during a smoking cessation attempt. These
findings are relatively unique and may provide support for the cross-drug coping hypothesis
(see Monti, Rohsenow, Colby, & Abrams, 1995). More research is needed to examine
whether smoking urges actually drive alcohol use during a smoking cessation attempt.

Although the trajectory of smoking urges continued to rise slightly following the
consumption of the first alcoholic beverage, the trajectory actually flattened out post drink.
Post-hoc analyses which split nondrinking days into two parts (i.e., pre cut-point and post
cut-point) revealed that smoking urge trajectory also flattened during the post cut-point
period on nondrinking days. Since the post cut-point and post drinking trajectories were both
flatter than the pre cut-point and pre drinking trajectories, it is likely that some variable other
than alcohol caused the post drink/post cut-point smoking urge trajectories to flatten. At
least at a superficial level, the observed flattening of the urge slope following drinking
appears contrary to our hypothesis and previous studies that suggest that the consumption of
alcohol tends to increase the urge to smoke (e.g., King & Epstein, 2005; Kirchner & Sayette,
2007; Ray et al., 2007). Urge severity did continue to increase post drinking, but the
trajectory of the increase was less than what it was prior to drinking, and in fact, post hoc
analyses showed similar effects of time of day on urge trajectory on nondrinking days. Thus,
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it may be the case that alcohol consumption exerts little effect on smoking urge trajectory, or
that the time of day exerts a stronger effect than does alcohol use. Although some previous
work has indicated that alcohol use may increase the urge to smoke, most of these studies
have been conducted in laboratory settings with smokers who were not attempting to quit
smoking (e.g., Burton & Tiffany, 1997; King et al., 2009; Sayette et al., 2005). However,
one recent study showed that greater postcessation drinking was related to increased positive
reinforcement smoking urges (using a recall measure), which resulted in lower smoking
abstinence at the one year follow-up (Hendricks et al., 2012). Teasing apart the effect of
alcohol use on smoking urge trajectories in the real world during a quit attempt will require
careful, focused investigations in the future.

Finally, alcohol use may have had an effect on subsequent urge volatility. Specifically, self-
reported urges became more volatile following alcohol consumption. However, this
volatility analysis was limited by the fact that approximately 40% of the participants were
excluded due to the limited number of assessments that were completed before and after
drinking occurred. In addition, other analyses indicated that smoking urges tended to
increase as the day progressed. Thus, the post-alcohol increase in urge volatility may simply
be an artifact of higher urges later in the day, although we attempted to control for this
possibility by including the slope of within day urge volatility as a covariate in an analysis
that compared urge volatility before and after drinking. The results were unchanged - urge
volatility significantly increased following alcohol consumption. Unfortunately, additional
post-hoc analyses aimed at determining if urge volatility similarly increased on nondrinking
days were not possible because only 22% of the nondrinking day volatility data were
available.

The current study has a number of limitations. First, although previous research has
indicated that women may be at greater risk for smoking relapse than men (e.g., Scharf &
Shiffman, 2004; Wetter et al., 1999), little work has been done to identify mechanisms
linking gender and smoking relapse. The findings of this study may suggest that women
undergoing a smoking cessation attempt may use alcohol as a way to cope with heightened
smoking urges, and it is possible that this may increase their likelihood of smoking relapse.
Considering previous research that suggests that the causes of substance relapse among men
and women may differ (Walitzer & Dearing, 2006), results of this study may not be
generalizable to men. Second, our ability to examine the relation between smoking urge and
alcohol use was limited to the first week post-cessation because EMAs were only collected
during this period. Although it is extremely important to gain a clearer understanding of the
early post-cessation period (i.e., half of all smoking relapses occur during the first week
post-cessation; see Garvey et al., 1992), the relation between alcohol use and smoking urges
in the moderate and longer term post-cessation should be a focus of future EMA studies. A
third limitation concerns the compliance rate with assessments. Specifically, participants
completed more temptation assessments on drinking days as compared to non drinking days.
This finding may be due to the fact that participants reported higher urges on drinking days
as compared to non drinking days. Controlling for number of assessments completed on
each day of monitoring did not significantly impact results. Our ability to identify pre/post
drinking differences in the trajectory and volatility of smoking urges was limited by the fact
that alcohol consumption generally occurred later in the day, which reduced the number of
post drinking assessments available for analysis. In addition, our finding that urge volatility
increased following alcohol use was also limited because we were unable to determine
whether similar increases in urge volatility occurred on nondrinking days. This limitation
may be difficult to address without a very intensive monitoring protocol given that people
tend to drink alcohol later in the day. Despite the limitations of this study, findings provide
insights into the complex relation between alcohol and smoking motivation and may inform
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the development and design of future studies that seek to understand the reciprocal
relationships between these factors during smoking quit attempts.

Previous research has indicated that urge to smoke (e.g., Allen, Bade, Hatsukami, & Center,
2008; Hendricks et al., 2012; Piasecki et al., 2002, 2003) and alcohol use (e.g., Hendricks et
al., 2012; Kahler et al., 2010; Shiffman et al., 1996) predict smoking relapse in men and
women. Furthermore, smoking urge intercepts and volatility during the first postcessation
week have both been related to relapse (Cofta-Woerpel et al., 2011; Javitz, Lerman, &
Swan, in press; Piasecki et al., 2003) and these parameters might reflect mechanisms that
account for at least part of the association of alcohol use and relapse to smoking. To the best
of our knowledge, this is the first study to find that smoking urge parameters (i.e., intercept,
volatility) differ on drinking versus non-drinking days in meaningful ways. The current
findings add to previous research by highlighting several potential mechanisms through
which alcohol use may increase the likelihood of smoking relapse (i.e., through increasing
smoking urges, decreasing the post-quit attenuation of smoking urges that tends to occur
naturally over time, and increasing urge volatility post drinking). If replicable, the current
findings suggest that alcohol consumption should continue to be discouraged (see Fiore et
al., 2008) during periods of heightened smoking urge as drinking may increase the volatility
of urge swings, and potentially increase the likelihood of relapse.

Perhaps more importantly, and a more novel finding, is that in addition to being a precipitant
of smoking urges, alcohol use may be a consequence of elevated, volatile, and escalating
urges to smoke. Thus, individuals undergoing a smoking quit attempt may consume alcohol
in an effort to cope with those urges to smoke. If true, the recommendation to avoid alcohol
during a cessation attempt would not address the fact that alcohol use may be a consequence
rather than a cause of increased urge to smoke. Thus, identifying the determinants of why
smoking urge parameters are more adverse on drinking days even prior to drinking, or
identifying algorithms signaling these adverse patterns could potentially facilitate new or
more intensive intervention efforts aimed at reducing urges, subsequent alcohol use, and
potential increases in relapse likelihood.
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Figure 1.
Smoking urge ratings at assessments when alcohol was consumed were significantly higher
than ratings at assessments when alcohol was not consumed.
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Figure 2.
Smoking urge intercept was higher on drinking days (simple intercept = 1.46) than on non-
drinking days (simple intercept = 1.28). However, smoking urge trajectories were not
different on drinking (simple slope = .062) and non-drinking days (simple slope = .039).
Smoking urge was measured on a five point scale that ranged from “no urge” to “severe
urge.” Order of assessment refers to the first through last assessment of a day.
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Figure 3.
Smoking urge trajectory before alcohol consumption (slope =.09) was significantly different
from that after alcohol consumption (slope = .02) on drinking days. Smoking urge trajectory
before the “cut-point” (slope =.05) was significantly different from that after the “cut-point”
(slope = -.05) on non-drinking drinking days. The dotted line indicates the time of first
alcoholic drink/cut-point. Smoking urge was measured on a five point scale that ranged from
“no urge” to “severe urge.” In this figure, the order of assessment is centered on the time of
first alcoholic drink, with negative values indicating to pre-drinking/cut-point assessments
and positive values indicating post-drinking/cut-point assessments.
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Table 1

Demographic characteristics of participants

Measure Participants (n = 134)

Age in years, mean (standard deviation) 41.24 (10.26)

Gender: Female, n (%) 134 (100%)

Ethnicity/race *, n (%)

  Caucasian 100 (81%)

  Other 23 (17%)

Education, n (%)

  ≤High school 16 (12%)

  Some college 72 (54%)

  ≥College graduate 46 (34%)

Marital status **, n (%)

  Single 39 (29%)

  Married/living with partner 51 (38%)

  Divorced/separated/widowed 41 (31%)

Depression history **, n (%) 38 (28%)

Smoking variables

  Typical smoking rate, mean (SD) 20.15 (7.32)

  FTND score, mean (SD) 4.90 (1.93)

FTND = Fagerström Test for Nicotine Dependence

*
1 participant did not report this information

**
3 participants did not report this information
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