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ABSTRACT. Objective: Cigarette smokers are more likely to consume
alcohol at higher levels and experience poorer response to treatment for
alcohol problems than are nonsmokers. One previous study in university
students suggests that a potential reason for the high overlap between
alcohol and tobacco use is that concurrent smoking is associated with
overvaluation of alcohol, as reflected in elevated behavioral economic
demand. The present study sought to extend these initial findings in
a community sample with heavier levels of alcohol and tobacco use.
Method: Participants were 111 non–treatment-seeking heavy drinkers
(defined as 18+/14+ drinks per week for men/women) from a larger
study on alcohol pharmacotherapy mechanisms. Forty-nine participants
(44%) reported regular smoking (!5 cigarettes/day). Participants com-
pleted a hypothetical alcohol purchase task assessing alcohol consump-

tion at escalating levels of price. Covariates included demographics,
drinking quantity, alcohol use disorder severity, depression, and delay
discounting. Results: In covariate-adjusted models, smokers reported
significantly higher maximum alcohol expenditures (Omax) and break-
point price (first price suppressing consumption to zero) compared with
nonsmokers. Elevated alcohol demand correlated with drinking quantity
and severity in the entire sample, but not with smoking frequency or
nicotine dependence among smokers only. Conclusions: This study
offers further evidence of increased reinforcing value of alcohol among
smokers in a sample of heavy drinkers from the community. Clinical
implications and potential mechanisms underlying this relationship are
discussed. (J. Stud. Alcohol Drugs, 78, 623–628, 2017)
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ALCOHOL AND TOBACCO USE are highly overlap-
ping in the general population. Individuals who con-

sume alcohol regularly are more likely to smoke cigarettes
than those who do not drink (Falk et al., 2006), and heavier
drinkers tend to be heavier smokers (Shiffman & Balabanis,
1995). Alcohol use disorder (AUD) is also highly comorbid
with nicotine use disorder (Grant et al., 2015), and the preva-
lence of smoking has been reported to be as high as 90%
among the AUD treatment population (Batel et al., 1995).
Finally, smokers with an AUD experience worse alcohol
treatment outcomes than nonsmokers (Friend & Pagano,
2005; Hintz & Mann, 2007; Karam-Hage et al., 2005).

Experimental laboratory research has helped to explain
the overlap between drinking and smoking, with studies
pointing to cross-commodity craving, cue reactivity, elevated
reinforcement, and alcohol priming as candidate mechanisms
(Drobes, 2002; Erblich et al., 2009; Karch et al., 2008; King
& Epstein, 2005; McKee et al., 2006; Peloquin et al., 2014;

Rohsenow et al., 1997; Sayette et al., 2005). Additional
research has emphasized shared genetic liability for alcohol
and nicotine use disorders (for a review, see Tyndale, 2003).
More recently, the concept of behavioral economic demand,
defined as the quantitative relationship between consumption
of a commodity and its cost (Bickel et al., 2014; MacKillop,
2016), has been applied to examine whether elevated value
of alcohol and tobacco contributes to co-use of these sub-
stances. Tobacco use may contribute to greater incentive
value of alcohol rewards among drinkers who also smoke
cigarettes (McKee & Weinberger, 2013). To examine de-
mand, studies often use alcohol purchase tasks (APTs) that
measure self-reported alcohol consumption across a range
of prices that can be plotted via an alcohol demand curve
(Murphy & MacKillop, 2006). Demand curves yield several
indices of reinforcing value, including intensity (consump-
tion at zero cost), breakpoint (price that first suppresses
demand to zero), Omax (maximum expenditure), Pmax (price
corresponding to Omax), and elasticity (the proportionate
slope of the demand curve).

In an initial application of demand to study concurrent
smoking and drinking, Yurasek et al. (2013) assessed 207
university students who were heavy drinkers, one third of
whom also smoked cigarettes, using an APT. After drinking
quantity, alcohol problems, gender, and depressive symptoms
were controlled for, smokers reported significantly greater
maximum alcohol expenditure (Omax), greater maximum
inelastic price (Pmax), and higher breakpoint compared with
nonsmokers. Severity of nicotine dependence was positively
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correlated with elevated intensity, breakpoint, and Omax, and
decreased elasticity. These findings suggest that the reinforc-
ing value of alcohol is higher among smokers even after
adjusting for relevant individual differences.

The present study sought to extend these initial findings
in a community sample with higher rates of smoking and
drinking than those reported by Yurasek et al. (2013). We
also sought to control for the potential influence of other
factors outside of those examined in the previous study,
namely income, education level, and an individual’s degree
of delayed reward discounting (Madden & Bickel, 2009). In
the latter case, liability for addictive behavior is theorized
to be greatest among individuals with high demand and
greater preference for immediate rewards (i.e., steeper delay
discounting; Bickel et al., 2014). Consequently, we tested the
hypothesis that compared with nonsmokers, heavy drinking
smokers would exhibit elevated alcohol demand above and
beyond drinking level and other relevant factors.

Method

Participants

Adult heavy drinkers (N = 111) were drawn from a larger
study examining alcohol pharmacotherapy mechanisms
(Miranda et al., 2016). For inclusion in the parent study,
participants were required to be at least 18 years of age and
report consuming at least 18 or 14 drinks per week for men
and women, respectively. Participants who were currently
seeking treatment for alcohol problems or had recently re-
ceived treatment were excluded. Forty-nine participants were
regular smokers (i.e., !5 cigarettes/day), and 62 were non-
smokers. Ten additional participants were excluded because
they only reported occasional smoking (<5 cigarettes/day).
These “chippers” are considered a distinct cohort compared
with heavier smokers (Shiffman & Paty, 2006).

Measures

Alcohol demand. An APT assessed hypothetical alcohol
consumption (in standard drinks) at 24 ascending prices,
from $0 (free) to $35 per drink (price intervals provided in
Supplemental Table S1). (Three tables and one figure appear
as online-only supplemental material accompanying this
article on the journal’s website.) Participants were instructed
to make choices based on a typical drinking situation, with
no alcohol before completing the APT, no opportunity to
drink elsewhere, and no opportunity to stockpile drinks.
These prices and instructions are generally comparable to
previously validated APT measures (MacKillop et al., 2010;
Murphy & MacKillop, 2006).

Delay discounting. Delay discounting was assessed us-
ing the Monetary Choice Questionnaire (MCQ; Kirby et al.,
1999) comprising 27 dichotomous choices between smaller–

sooner and larger–later monetary rewards (range: $25–$85).
An overall discounting rate (k) was generated across all
items.

Alcohol and smoking variables. Weekly alcohol con-
sumption over the last 90 days was assessed via a Time-
line Followback (Sobell & Sobell, 1992). AUD severity
was determined via the Structured Clinical Interview for
DSM-IV (First et al., 2002). Severity was operationalized
continuously as a symptom count from both the abuse and
dependence modules. Participants rated their motivation to
change drinking at baseline using a readiness ruler (0 = no
thought of changing drinking to 10 = taking action to change
drinking). Nicotine dependence was assessed using the Fag-
erström Test for Nicotine Dependence (FTND; Heatherton
et al., 1991), within which average number of cigarettes
smoked per day was also reported.

Depression. Self-reported depressive symptoms were
assessed using the Beck Depression Inventory (Beck et al.,
1996).

Demographics. A self-report questionnaire assessed sex,
age, race, education, and income.

Procedure

Data were collected during a baseline assessment before
administration of any pharmacotherapy or other manipula-
tions. Smokers were permitted to smoke as usual before the
start of the session but were not permitted to smoke during
the session itself. Participants completed study measures
either using paper-and-pencil forms or via interview. The
Brown University Institutional Review Board approved this
study, and participants provided informed consent.

Data analysis

Consumption and expenditure values on the APT were
plotted by price to generate alcohol demand curves. Ob-
served demand indices included intensity, breakpoint, Omax,
and Pmax (Murphy & MacKillop, 2006). Elasticity of demand
was modeled via the exponentiated version of the Hursh and
Silberberg (2008) equation developed by Koffarnus et al.
(2015). The exponentiated model is advantageous because it
considers all price intervals by allowing for zero consump-
tion values (Koffarnus et al., 2015).

Outlying values (Zs > 3.29) for untransformed vari-
ables were recoded to one unit greater than the next non-
outlier value (Tabachnick & Fidell, 2001). Intensity, Pmax,
elasticity, and MCQ-k were normalized using logarithmic
transformations, and breakpoint and Omax were normal-
ized using square root transformations. Group differences
for demographic variables and alcohol use were evaluated
using independent sample t-tests and chi-square tests. Dif-
ferences in consumption on the APT at each price interval
were first examined using independent samples t-tests.
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Next, at the level of demand indices, hierarchical linear
regression models were used to examine the association
between smoking status and elevated alcohol demand.
Each demand index was included as the dependent vari-
able in separate regression models. Smoking status (1 =
smoker, 0 = nonsmoker) was entered in the first step, and
covariates (sex, age, income, education, drinks/week, AUD
severity, depression, and delay discounting) were added in
the second step. Last, Pearson correlations were used to ex-
amine associations between study variables. Analyses were
conducted in IBM SPSS Statistics for Windows, Version 23
(IBM Corp., Armonk, NY) and GraphPad Prism (Graph-
Pad Software, Inc. La Jolla, CA).

Results

Descriptive statistics

The sample was 42% female and the mean age was 36.18
years (SD = 12.86; range 18–64). Descriptive statistics by
group are in Supplemental Table S2. Compared with non-
smokers (n = 62), smokers (n = 49) reported significantly
lower income and education and significantly more drinks
per week, greater AUD severity score, and greater delay
discounting rate (ps < .05). The groups did not significantly
differ on age, sex, race, motivation to change drinking, or
depression (ps > .14). Smokers reported smoking an aver-
age of 12.94 cigarettes per day (SD = 5.49) and a mean
FTND score of 4.39 (SD = 2.00). The exponentiated model
provided an excellent fit to the individual demand curves
(median R2 = .93).

Continuous associations

Greater number of drinks per week was correlated with
increased intensity (r = .49, p < .01), Omax (r = .28, p < .01),
decreased elasticity (r = -.21, p < .01), and steeper delay
discounting (r = .32, p < .01). Higher AUD severity was as-
sociated with elevated intensity (r = .43, p < .01) and Omax
(r = .28, p < .01), and decreased elasticity (r = -.20, p < .05).
The complete bivariate matrix is in Supplemental Table S3.
In partial correlations controlling for drinks per week, the
associations between AUD severity and intensity (rpart = .35,
p < .001) and Omax (rpart = .20, p < .05) remained statisti-
cally significant. Among smokers, neither FTND scores nor
cigarettes per day were significantly correlated with alcohol
demand or delay discounting. The individual APT indices
were significantly intercorrelated, albeit at differing magni-
tudes (rs =.24–.91, ps < .05). Of note, consistent with other
studies (Acker et al., 2012; MacKillop et al., 2010; Skidmore
et al., 2014), Omax and elasticity were highly correlated (r
= .91), suggesting that these indices are capturing similar
aspects of demand. However, for comprehensiveness, both
variables were retained in the regression analyses.

Elevations in alcohol demand based on smoking status

Smokers exhibited elevated alcohol consumption across
the majority of price intervals (Supplemental Figure S1;
price level comparisons presented in Supplemental Table
S1). Results of the regression analyses are presented in Table
1. Before we controlled for covariates, being a smoker was
significantly associated with higher intensity and Omax, and
lower elasticity. After we added the individual difference
variables, the relationship with intensity was no longer sig-
nificant, but Omax and elasticity remained significant. Smok-
ing status also predicted higher breakpoints in the covariate
model. Smoking status was not associated with Pmax.

Discussion

This study examined demand for alcohol in a community
sample of heavy drinking smokers and nonsmokers. Our
results were generally consistent with the prior study in uni-
versity students (Yurasek et al., 2013). Both studies found
that being a smoker was associated with elevated breakpoint
price and maximum expenditure (Omax) relative to being a
nonsmoker. The present study also found significantly higher
elasticity in smokers, but not the significant differences in
Pmax that were found in the Yurasek et al. (2013) study. Of
note, once chippers were excluded from the previous stud-
ies analyses, the differences in Pmax were also no longer
statistically significant. Interestingly, both studies found that
elevated alcohol demand was not universally elevated and
appears to be specific to certain indices. Smokers tend to be
willing to spend a greater amount of money on alcohol in
total (Omax) and tolerate higher prices (breakpoint). Further-
more, although smokers also exhibit higher levels of inten-
sity, in both cases, these differences were likely explained by
higher drinking level or AUD severity. The lack of difference
in Pmax is also not particularly unexpected, as previous stud-
ies have found this index to be less sensitive compared with
other indices (Kiselica et al., 2016; Skidmore et al., 2014).
Taken together, these two studies suggest that elevated al-
cohol demand among smokers may be more closely linked
to expenditure and the impact of increasing price instead of
solely due to elevated alcohol consumption.

This study makes several unique contributions to the lit-
erature. First, the consistency of the findings across studies
is noteworthy given the differences in sample characteristics
and methodologies. Participants in the present study were
drawn from a community sample and were, on average, 15
years older and considerably heavier drinkers and smokers
than were those the study by Yurasek et al. (2013). The fact
that elevated demand is also observed in individuals with
clinically meaningful levels of AUD severity has potential
implications for treatment for alcohol problems. Screening
for smoking status and level of alcohol demand at the begin-
ning of AUD treatment may help identify individuals who
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may require more specialized interventions (MacKillop &
Murphy, 2007; Murphy et al., 2015). Finally, this study also
extends the literature by considering a number of individual
difference factors that could explain elevated alcohol demand
among smokers, including several variables not examined
previously (i.e., income, education, and delay discounting).
Of note, a number of other factors that were not considered
here may also influence this relationship, including social or
family characteristics or genetic liability.

Although smokers reported significantly higher alcohol
demand compared with nonsmokers, prior research is some-
what ambiguous as to whether concurrent users of alcohol
and tobacco may simply exhibit a general hypersensitivity
to all rewards. On the one hand, nicotine administration
selectively increases the amount that smokers are willing
to work to obtain alcohol and the amount of alcohol con-
sumed (e.g., Barrett et al., 2006), with comparable findings
in animal models (e.g., Lê et al., 2006). However, there is
also evidence that nicotine increases the reinforcing value of
non–alcohol-related stimuli (Attwood et al., 2012; Dawkins
et al., 2006; Perkins et al., 2003). Finally, Chase et al. (2013)
found that smokers did not exhibit a generalized elevation
in demand across rewards (e.g., chocolate) but selectively
exhibit elevations in cigarette demand. Future studies should
examine demand for multiple types of drug and nondrug re-
wards in order to further evaluate generalized versus specific
elevations in alcohol demand among smokers.

A number of limitations of this study should be con-
sidered. The design was cross-sectional and was not able
to address the directionality of the relationship between
smoking and drinking. The APT and MCQ were hypotheti-
cal, although there is empirical support for the validity of
hypothetical behavioral economic measures (Amlung &
MacKillop, 2015; Amlung et al., 2012; Johnson & Bickel,
2002; Madden et al., 2003). Although the data examined
were collected at baseline, the participants were enrolled in
a larger alcohol pharmacotherapy study and therefore may
not be representative of all drinkers and smokers. Only a
subset (44%) of the participants endorsed regular smoking,
which may have constrained statistical power for the correla-
tions between behavioral economic and smoking variables.
Finally, although no prohibition on smoking before the ses-
sion was in place, data on acute nicotine withdrawal were not
collected during the baseline session, so we were unable to
address the possible influence of withdrawal symptoms.

In conclusion, this study provides additional evidence
of elevated reinforcing value of alcohol in a community
sample of heavy drinking smokers. Together with the study
by Yurasek et al. (2013), these findings suggest that drink-
ers who also smoke cigarettes are less sensitive to price and
other contingencies that typically influence alcohol con-
sumption. Future research is needed to further evaluate the
psychological and neurobiological mechanisms underlying
elevated alcohol demand among smokers with the goal of

TABLE 1. Hierarchical regression models predicting indices of alcohol
demand

Variable B SE B ) R2 !R2

Intensity
Step 1 .08**

Smoker status 0.15 0.05 .29**
Step 2 .44*** .36

Smoker status 0.08 0.05 .16†

Sex -0.14 0.04 -.27**
Age -0.01 0.00 -.29**
Income -0.01 0.01 -.06
Education 0.01 0.01 .08
Drinks/week 0.01 0.00 .34***
AUD severity 0.01 0.01 .21*
MCQ ln(k) 0.01 0.02 .05
Depression 0.00 0.00 .08

Breakpoint
Step 1 .02

Smoker status 0.28 0.20 .14
Step 2 .15 .13

Smoker status 0.50 0.22 .25*
Sex -0.10 0.21 -.05
Age -0.01 0.01 -.17
Income 0.05 0.03 .16
Education 0.04 0.05 .08
Drinks/week 0.01 0.01 .09
AUD severity -0.05 0.02 -.21†

MCQ ln(k) 0.16 0.11 .15
Depression -0.02 0.02 -.12

Omax
Step 1 .08**

Smoker status 0.81 0.28 .28**
Step 2 .27** .19

Smoker status 0.73 0.29 .26*
Sex -0.64 0.28 -.22*
Age -0.01 0.01 -.07
Income 0.04 0.04 .09
Education 0.07 0.07 .11
Drinks/week 0.02 0.01 .20†

AUD severity 0.04 0.03 .13
MCQ ln(k) 0.25 0.14 .16†

Depression -0.03 0.02 -.14
Pmax

Step 1 .00
Smoker status 0.00 0.07 .00

Step 2 .05 .05
Smoker status 0.02 0.08 .03
Sex 0.01 0.07 .01
Age 0.00 0.00 .03
Income 0.01 0.01 .08
Education -0.01 0.02 -.04
Drinks/week 0.00 0.00 .03
AUD severity -0.01 0.01 -.15
MCQ ln(k) 0.01 0.04 .02
Depression -0.01 0.01 -.15

Elasticity
Step 1 .04*

Smoker status -0.11 0.06 -.20*
Step 2 .20* .17

Smoker status -0.12 0.06 -.22*
Sex 0.11 0.06 .21*
Age 0.00 0.00 .11
Income -0.01 0.01 -.14
Education -0.02 0.01 -.12
Drinks/week 0.00 0.00 -.15
AUD severity -0.01 0.01 -.09
MCQ ln(k) -0.06 0.03 -.21*
Depression 0.00 0.01 .08

Notes: B = unstandardized regression coefficients; SE B = standard error for
B; ) = standardized regression coefficients; AUD = alcohol use disorder;
MCQ = Monetary Choice Questionnaire; Omax = maximum alcohol expen-
diture; Pmax = price corresponding to Omax. Smoker status: 1 = smoker; 0 =
nonsmoker. Gender: 1 = male; 2 = female.
†p < .08; *p < .05; **p < .01; ***p < .001.
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reducing negative consequences from concurrent misuse of
alcohol and nicotine and to improve treatment outcomes.
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