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ABSTRACT. Objective: Cigarette smokers have higher levels of
alcohol consumption than nonsmokers and poorer response to alcohol
treatment. It is possible that the greater severity of alcohol problems
observed in smokers reflects a greater susceptibility to alcohol-related
reinforcement. The present study used a behavioral economic purchase
task to investigate whether heavy drinking smokers would have greater
demand for alcohol than heavy drinking nonsmokers. Method: Partici-
pants were 207 college students who reported at least one heavy drink-
ing episode in the past month. Of the 207 participants, 33.2% (n = 67)
reported smoking cigarettes at least 1 day in the past month. Participants
completed the hypothetical alcohol purchase task, a simulation task that
asked them to report how many drinks they would purchase at varying

price increments. Results: After the participants’ reported alcohol con-
sumption, gender, alcohol problems, and depression were controlled for,
analyses of covariance revealed that heavy drinking smokers had signifi-
cantly greater reported maximum alcohol expenditures (O, ), greater
maximum inelastic price (P, ), and higher breakpoint values (first price
suppressing consumption to zero). Conclusions: College student heavy
drinkers who also smoke cigarettes exhibit increased demand for alcohol.
Smokers in this high-risk developmental stage may thus be less sensitive
to price and other contingencies that would otherwise serve to modulate
drinking and may require more intensive intervention approaches. (/.
Stud. Alcohol Drugs, 74, 626—634,2013)

OLLEGE STUDENTS DISPROPORTIONATELY

engage in risky health behaviors such as alcohol and
tobacco consumption (Fromme et al., 2008; White et al.,
2006). Approximately 45% of college students engage in
heavy episodic drinking (Dawson et al., 2004; O’Malley and
Johnston, 2002; Wechsler et al., 2002), and 16.6% report
having used tobacco within the past 30 days (American Col-
lege Health Association, 2009). Furthermore, among college
students who are heavy drinkers, approximately 44% are cur-
rent smokers, and more than 98% of college smokers con-
sume alcohol (Weitzman and Chen, 2005). Cigarette smokers
report higher levels of alcohol consumption than nonsmokers
(Anthony and Echeagaray-Wagner, 2000; Chiolero et al.,
2006; Kahler et al., 2008). Similarly, college students are
more likely to consume alcohol when they smoke and drink
to higher levels (Midanik et al., 2007).

Concurrent alcohol and tobacco users also are at in-
creased risk for health-related difficulties such as cancer
and cardiovascular disease (Pelucchi et al., 2008; Schlecht
et al., 1999), specifically cancers of the mouth and throat
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(Franceschi et al., 1990; Negri et al., 1993; Zheng et al.,
1990, 2004), esophagus (Howe et al., 2001), and potentially
the liver (Marrero et al., 2005). In addition, concurrent users
are more prone to experiencing academic difficulties (Barnes
and Welte, 1986; DeBerard et al., 2004) and to using illicit
drugs compared with individuals who use either substance
alone or not at all (Hoffman et al., 2001). In addition to the
physical and social consequences of concurrent use, smokers
demonstrate poorer response to alcohol treatment. Specifi-
cally, smokers are more likely to relapse following success-
ful alcohol treatment compared with individuals who have
stopped or decreased smoking (Friend and Pagano, 2005;
Karam-Hage et al., 2005) and compared with nonsmokers
(Hintz et al., 2007).

It is possible that smokers have a greater general sus-
ceptibility to drug-related reinforcement, as indicated by
animal studies in which nicotine administrations can increase
responding for alcohol (Clark et al., 2001). Alternatively,
because individuals typically smoke and drink simultane-
ously (Dierker et al., 2006), smokers may find alcohol more
reinforcing because of the enhancing quality of combining
the two substances (Piasecki et al., 2011). This is consistent
with evidence that alcohol and nicotine additively increase
dopamine release in the corticomesolimbic dopamine path-
way (Tizabi et al., 2002, 2007). Similarly, ecological momen-
tary assessment studies have found that individuals report
an increase in pleasure from their last drink after smoking a
cigarette (Piasecki et al., 2011). Although the results of these
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studies suggest that smoking is associated with acute in-
creases in alcohol-related reinforcement, research is needed
to determine whether smokers have a more general tendency
to overvalue other drugs of abuse.

Alcohol and other drug purchase tasks have been devel-
oped to generate demand curves that can measure several
aspects of the incentive value or the behavior-maintaining
aspects of drugs and alcohol (Bickel et al., 2000; Hursh
and Silberberg, 2008; Johnson and Bickel, 2006), includ-
ing maximum levels of consumption and expenditure and
the relative price sensitivity of consumption. In laboratory
settings, demand curve analyses have been used to quantify
drug consumption and levels of drug-reinforced responding
as a function of price (e.g., lever presses required to obtain
a drug dose) to measure differences in drug potency or the
impact of environmental manipulations on demand (Higgins
et al., 2004; Johnson and Bickel, 2006). Recently, time and
cost-efficient self-report demand curve measures have been
developed and administered in clinical settings to measure
individual differences in the incentive value of drugs (Jacobs
and Bickel, 1999; MacKillop et al., 2010b; Murphy et al.,
2009; Skidmore and Murphy, 2011).

These studies have used hypothetical choices regarding
alcohol and other drug purchases at varying prices (demand
curves) to generate behavioral economic indices of drug-
related reinforcement. In the case of alcohol purchase tasks
(APTs), participants are asked how many standard drinks
they would purchase and consume across a range of drink-
ing prices (e.g., $0 to $20.00 per drink). (All amounts are
in U.S. dollars.) Participants provide consumption values
and, implicitly, expenditures at each price. Demand indices
are then computed from these consumption and expenditure
values. These indices include demand intensity (i.e., peak
consumption at lowest price), elasticity (i.e., the rate of
consumption reduction as a function of price), P, (i.e.,
maximum inelastic price), O, (i.€., greatest expenditure on
alcohol), and breakpoint (i.e., the first price that completely
suppresses consumption).

Although demand almost always decreases in response to
price increases, there are individual differences in the value
of these parameters, which are thought to reflect strength
of motivation for alcohol. For example, demand curves are
associated with reported levels of heavy or heavy episodic
drinking (Murphy and MacKillop, 2006) and alcohol-related
problems, even after typical weekly consumption level is
controlled for (MacKillop et al., 2010b; Murphy et al.,
2009). Individuals who report symptoms of depression or
posttraumatic stress disorder (Murphy et al., 2013), crav-
ing (MacKillop et al., 2010b), or elevated personality risk
(Acker et al., 2012; Kiselica and Borders, 2013; Skidmore
and Murphy, 2011; Smith et al., 2010) also report elevated
demand, and the influence of demand on alcohol problems
has been found to be mediated by the relative level of stress-
related drinking (Yurasek et al., 2011). Demand parameters

show good test-retest reliability (Murphy et al., 2009) and
associations with actual alcohol consumption in laboratory
settings (Amlung et al., 2012).

Individual differences in alcohol demand curve measures
also have been associated with changes in drinking following
a brief alcohol intervention. College student drinkers with
higher maximum expenditure (i.e., O, ) for alcohol and
lower price sensitivity at baseline reported greater drinking
6 months after an intervention in models that controlled for
baseline drinking (MacKillop and Murphy, 2007). Thus,
elevated demand for alcohol may be indicative of a more
problematic and less malleable drinking pattern, even among
individuals with relatively similar heavy drinking patterns.

Given the robust association between smoking status and
alcohol problem severity (Friend and Pagano, 2005), and
given that smoking increases (acute) reports of pleasure
(Piasecki et al., 2011) and dopamine release (Tizabi et al.,
2002; 2007) associated with drinking, smokers may exhibit
a general trait-level tendency to overvalue alcohol-related
rewards, as reflected in elevated demand. However, this hy-
pothesis has not been directly tested. Therefore, the present
study attempted to extend research into (a) the determinants
of elevated alcohol demand and (b) the associations between
smoking and problematic alcohol use by determining wheth-
er heavy drinking smokers report elevated alcohol demand
compared with heavy drinking nonsmokers after a variety
of covariates (e.g., gender, drinking level, alcohol problems,
depression) were controlled for. It was hypothesized that
undergraduate heavy drinkers who also smoke would report
greater demand for alcohol (as indicated by greater demand
intensity) and O, . Similarly, we hypothesized that smokers
would be less sensitive to increases in price (as indicated by
lower elasticity scores). These three metrics have shown the
most consistent associations with alcohol-related outcomes
(Acker et al., 2012; Murphy et al., 2009).

Method
Participants

Participants were 207 college students (47% male; 68.5%
White, 27.4% African American; Mage = 19.5 years [SD =
5.04]) who reported at least one heavy drinking episode
(five/four or more drinks in one occasion for a man/woman)
in the past month and agreed to participate in one of two
brief alcohol intervention trials (Murphy et al., 2010).
Participants in Study 1 were recruited from the on-campus
health center, and those in Study 2 were recruited through a
required first-year course. All procedures were approved by
the University of Memphis Institutional Review Board. In
the present analysis, baseline data were pooled from all con-
ditions across the two trials. Of the 207 participants, 33.2%
(n = 67) reported having smoked cigarettes at least 1 day in
the past month.
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Measures

Alcohol consumption. The Daily Drinking Questionnaire
(DDQ; Collins et al., 1985) was used to measure alcohol
consumption. On the DDQ, individuals provide an estimate
of the total number of standard drinks they consumed on
each day during a typical week in the past month. The DDQ
has been used frequently with college students and is a reli-
able measure that is highly correlated with self-monitored
drinking reports (Kivlahan et al., 1990). Participants also
reported the number of times in the past month that they had
a heavy drinking episode (four/five drinks in a single occa-
sion for women/men).

Alcohol-related problems. The Young Adult Alcohol
Consequences Questionnaire was used to measure alcohol-
related problems experienced within the past 6 months (Read
et al., 2006). Participants were asked to indicate which of 49
possible alcohol-related consequences (e.g., “I have woken
up in an unexpected place after heavy drinking”) they have
experienced. This measure has demonstrated strong psycho-
metric properties, including internal consistency and predic-
tive validity (Read et al., 2007). Internal consistency was .92
in this sample.

Smoking variables. To assess smoking status and nicotine
dependence, participants completed the Fagerstrom Test for
Nicotine Dependence (FTND; Prokhorov et al., 1996). This
measure consists of seven items, with the first measuring
smoking status (e.g., “On how many days in the past month
did you smoke at least one cigarette?”’) and the rest assessing
nicotine dependence (e.g., “Do you find it difficult to refrain
from smoking in places where it is forbidden?”’). Scores
range from 0 to 8, with higher scores indicating more nico-
tine dependence. Internal consistency for the FTND was .59
in this sample.

Depression. Depressive symptoms were measured using
the Center for Epidemiological Studies Depression Scale
(CES-D; Radloff, 1977). Participants are given 20 statements
(e.g.,“ I had crying spells”) and rate how often in the past
week they have felt that way, ranging from 0 (rarely or none
of the time [less than 1 day]) to 3 (most or all of the time
[5—7 days]). Four of the items are reverse scored (e.g., “I
was happy”). The CES-D has been shown to be reliable for
assessing depressive symptoms across racial, gender, and age
categories (Knight et al., 1997). Internal consistency for the
CES-D in this sample was .84.

Alcohol demand. An APT was used to measure alcohol
demand. On the APT, participants are presented with a hy-
pothetical drinking scenario and are asked how many drinks
they would purchase and consume at 17 ascending prices in
the hypothetical situation (Murphy and MacKillop, 2006).
The APT included the following instructions:

In the questionnaire that follows, we would like you
to pretend to purchase and consume alcohol. Imagine

that you and your friends are at a party on a Thurs-
day night from 9:00 p.m. until 2:00 4.m. to see a band.
Imagine that you do not have any obligations the next
day (i.e., no work or classes). The following questions
ask how many drinks you would purchase at various
prices. The available drinks are standard-size domestic
beers (12 oz.), wine (5 oz.), shots of distilled spirits
(1.5 oz.), or mixed drinks containing one shot of dis-
tilled spirits. Assume that you did not drink alcohol or
use other drugs before you went to the party and that
you will not drink or use other drugs after leaving
the party. Also, assume that the alcohol you are about
to purchase is for your consumption only during the
party (you can't sell or bring drinks home). Please
respond to these questions honestly, as if you were
actually in this situation.

Participants were then asked to report how many drinks
they would consume at each of 17 prices, ranging from $0
(free) to $3.00 increasing by 50-cent increments, $3.00—
$10.00 increasing by $1.00 increments, and $10.00-$20.00
increasing by $5.00 increments. Reported consumption was
plotted as a function of price, and expenditures at each price
were computed by multiplying consumption by price for
each amount.

The resulting demand and expenditure curves yielded five
indices of the incentive value of alcohol used in this study:
demand intensity, breakpoint, O ., P ., and elasticity.
The first four indices were directly observed from the raw
consumption and expenditure data (Murphy et al., 2009);
elasticity is the average slope of the Hursh and Silberberg
(2008) exponential equation: log Q = log Q0 + k (¢*” — 1),
where O = consumption at a given price, Q0 = consumption
intercept, k = a constant denoting the range of consumption
values in log,, units, P = price, and o = the derived demand
parameter reflecting the rate of decline of consumption in
standardized price. Greater elasticity (o) values reflect a
greater proportional decrease in consumption as a function
of price. The APT demand metrics have demonstrated good
test—retest reliability and construct validity (MacKillop et al.,
2010a; Murphy et al., 2009).

Data analysis plan

To minimize the impact of outliers, values greater than
3.29 SD above the mean on a given variable were changed
to one unit greater than the greatest nonoutlier value
(Tabachnick and Fidell, 2001). Additionally, variables that
were skewed or kurtotic were transformed using square
root transformations. Correlational analyses were used to
analyze the associations between smoking status, alcohol
consumption, alcohol-related problems, and alcohol demand.
We also included depression as an individual-difference vari-
able that might contribute to elevated demand and smoking
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(i.e., Murphy et al., 2013). Separate analyses of covariance
(ANCOVAs) were run to examine whether individual differ-
ences in alcohol demand are related to smoking status after
controlling for relevant covariates (typical weekly alcohol
consumption, gender, alcohol problems, and depression).

Results

Descriptive statistics and adequacy of demand curve
model fit

On average, participants reported consuming 16.07 alco-
holic drinks per week (SD = 13.48), experiencing 5.77 (SD =
5.04) heavy episodic drinking episodes in the past 2 weeks,
and having 12.63 (SD = 8.51) alcohol-related problems.
Smokers (n = 67) reported smoking a mean of 7.72 (SD
= 5.87) cigarettes a day and a relatively low FTND mean
score of 1.96 (SD = 1.80). On the APT, mean consumption
at no cost (intensity) was 10.01 drinks (SD = 6.55), the mean
lowest price at which participants reported that they would
stop consuming drinks (breakpoint) was $9.29 (SD = 5.25),
the mean maximum expenditure (O, ) was $18.36 (SD
= 11.40), and the mean price per drink at this expenditure
(P,.x) Was $3.95 (SD = 2.32). The mean rate of consumption
reduction as a function of price (elasticity) was 0.05 (SD =
0.05). See Table 1 for descriptive data as a function of smok-
ing status.

As previously described, elasticity estimates were gener-
ated with an exponential demand curve equation (Hursh and
Silberberg, 2008). This equation provided an excellent fit (R?
= .98) for the aggregated data (i.e., sample mean consump-
tion values) but only an adequate fit to individual participant
data (mean R? = .60). Although R? may not function well as
a measure of curve fit with nonlinear models (Johnson and
Bickel, 2008), the authors used a similar criterion as Reyn-
olds and Schiftbauer (2004) and included elasticity values
for analyses only when the demand equation accounted for
at least 30% of the variance in the participant’s consumption
(47 participants were excluded from the elasticity analyses,
but not from the other analyses, for this reason). There were
no significant demographic differences between participants
with and without valid elasticity values, but participants
without valid values reported lower weekly drinking levels,
#(205) = -2.45, p = .02. Poor curve fits were often the result
of having very few nonzero consumption values on the APT.

Associations between alcohol use, smoking variables, and
alcohol demand

Pearson’s r statistics were used to analyze bivariate as-
sociations between alcohol consumption (drinks per week),
alcohol-related problems, smoking status, nicotine depen-
dence, depression, and the alcohol demand curve metrics
(Table 2). As predicted, the demand metrics were highly

TaBLE 1. Mean scores on alcohol- and smoking-related variables and
demand curve indices for smokers and nonsmokers?

Smoking status

Smoker Nonsmoker
(n=067) (n = 140)
Variable M (SD) M (SD)

No. of drinks per week 18.46 (12.72)* 14.83 (13.33)

Alcohol-related problems? 15.27 (8.67)*** 11.30 (1.30)
Nicotine dependence® 1.96 (1.82) -

No. of cigarettes per day 7.72 (5.87) -
Depression? 14.93 (8.95)** 11.95 (6.79)
Intensity® 10.90 (6.46)* 9.22 (6.18)
Breakpoint 10.58 (5.36)** 8.63 (5.02)
O, 21.75 (11.51)*** 16.63 (11.17)
P’ 4.43 (2.42)* 3.70 (2.17)
Elasticity’ 0.04 (0.04)** 0.06 (0.05)

Because income has been found to be associated with alcohol demand, we
examined the reported disposable income for nonessential items (e.g., cloth-
ing, compact discs, entertainment, alcohol, other drugs) between smokers
and nonsmokers; there were no differences between these two groups (p =
.69). "The Young Adult Alcohol Consequences Questionnaire was used to
measure alcohol-related problems experienced within the past 6 months.
Participants were asked to indicate which of 49 possible alcohol-related
problems they have experienced. In this sample, scores ranged from 0 to
38, with higher scores indicative of more problems experienced. ‘To assess
nicotine dependence, participants completed the Fagerstrom Test for Nico-
tine Dependence. This measure consists of seven items, with scores ranging
from 0 to 8. Higher scores indicating more nicotine dependence. “Depres-
sive symptoms were measured using the Center for Epidemiological Studies
Depression (CES-D) scale. Participants are given 20 statements and rate
how often in the past week they have felt that way, ranging from 0 (rarely
or none of the time [<I day)) to 3 (most or all of the time [5—7 days]). Four
of the items are reverse scored. Higher scores indicate higher depression.
¢Intensity is the peak consumption at lowest price. In this sample, scores
ranged from 0 to 34, with higher scores indicating greater intensity. /Break-
point (i.e., the first price that completely suppresses consumption) ranged
from 0 to 27, with higher scores indicating higher prices. ¢0, . = maximum
alcohol expenditures. Scores ranged from 0 to 60, with higher scores indi-
cating greater expenditure. P, = maximum inelastic price. Scores ranged
from 0.25 to 12, with higher scores indicating greater prices. ‘Elasticity (i.e.,
the rate of consumption reduction as a function of price) ranged from 0 to
0.30, with higher scores indicating greater sensitivity to increases in price.
*p £.05; ¥*p < .01; ***p <.001.

correlated with the drinking variables (alcohol consumption
and alcohol-related problems); intensity, O,,., and elastic-
ity were significantly associated with alcohol consumption.
Similarly, all demand metrics except P, were associated
with alcohol-related problems. Smoking status was sig-
nificantly related to alcohol consumption, alcohol-related
problems, and all five demand indices (Table 2). Nicotine
dependence was associated with greater intensity and O,
values. Depression was not related to alcohol consumption
but was significantly associated with alcohol-related prob-
lems, elasticity, and smoking status.

Differences in demand based on smoking status

ANCOVAs were run to investigate the relationship be-
tween smoking status and alcohol demand while controlling
for gender, typical weekly drinking level, alcohol-related
problems, and depression (Table 3). Analyses indicated that
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TaBLE 2. Pearson correlations among alcohol consumption (drinks per week), smoking status, nicotine dependence, alcohol-related prob-
lems, and alcohol demand (intensity, breakpoint, O, ., P, . and elasticity)
1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
1. Drinks per week 1.00
2. Alcohol-related problems SHrx* 1,00
3. Smoking status .165* 224%* 1.00
4. Nicotine dependence 137 193 -.200 1.00
5. Depression -.061 .194%* A83*x 1.00
6. Intensity 585%*F  348%* 153* .238%* .108 1.00
7. Breakpoint .097 Jd61* A88** . .081 208%*%  1.00
8.0, S16%* 442%* 234%%  235% .061 589%% 653%%  1.00
9. P x -.058 134 .165% .092 -.067 L653%%  531%% 1.00
10. Elasticity -289%*  -446%*  -197* -.194% S357FF 0 -A486¥*  -561%F  -344%*  1.00

Notes: O, = maximum alcohol expenditures; P
*p <.05; ¥*p <.01.

max

smokers had higher scores on O, ., F(1, 193) = 3.76, p =
.05, T'lp2 = .02; higher breakpoint values, F(1, 193) = 4.96,
p = .03, np2 = .03; and greater maximum inelastic price
(P00, F(1,191) = 4.46, p = .04, npz = .02, compared with
nonsmokers. These results suggest that undergraduate heavy
drinkers who also smoke cigarettes have increased demand
for alcohol, in particular greater alcohol expenditures and
less price sensitivity, even after other risk factors are taken
into account (Figure 1). Because research has demonstrated
that smokers who smoke fewer than five cigarettes a day
(i.e., “chippers”; Shiffman and Paty, 2006) show fewer signs
of nicotine dependence compared with heavier smokers
(seven or more cigarettes per day), we replicated the previ-
ous analyses, removing chippers from the smoking group.
These results were similar to the primary smoker versus non-
smokers comparison: Participants who smoke seven or more
cigarettes per day had higher O, (p = .03) and breakpoint
(p = .05) values than nonsmokers, but P, was no longer
significant (p = .27).

Discussion

Previous research has demonstrated that cigarette smok-
ers have higher levels of alcohol consumption and poorer
response to alcohol-focused treatment compared with non-
smokers. Approximately 44% of heavy drinking college

TaBLE 3. Estimated marginal mean scores from ANCOVAs examining al-
cohol demand for smokers and nonsmokers (controlling for gender, alcohol
consumption, alcohol-related problems, and depression)

Smoking status

Demand Non-

curve metric Smoker smoker F (df) npz
Intensity 3.03 2.99 0.116 (192) .001
Breakpoint 3.12 2.83 4.96 (193)* .025
Opnax 4.30 3.96 3.76 (193)* .019
Pax 2.04 1.85 4.46 (191)* .023
Elasticity 0.04 0.06 2.07 (149) .014

Notes: ANCOVA = analysis of covariance; O, = maximum alcohol expen-
ditures; P = maximum inelastic price.

*p <.05.

= maximum inelastic price.

students also are smokers, placing them at risk for numerous
health- and academic-related problems. Given the relation-
ship between smoking status and alcohol-problem severity,
smokers may tend to overvalue alcohol-related rewards.
The goal of this study was to investigate whether cigarette
smoking among heavy drinkers was associated with greater
demand for alcohol on a behavioral economic purchase task.
Consistent with our hypothesis, heavy drinking students
who also reported having smoked at least 1 day in the past
month demonstrated greater alcohol expenditures, breakpoint
values, and maximum inelastic price values. The association
between smoking and elevated demand appears to be unique
and remained significant even after taking into account
weekly drinking, alcohol problems, gender, and depression.
In addition, the pattern of bivariate correlations indicated
that student drinkers who smoke and report nicotine depen-
dence report elevated alcohol demand.

Surprisingly, despite significant bivariate correlations
between demand intensity and smoking, the effect of
smoking on intensity was not significant in the multivari-
ate ANCOVA that included weekly drinking among other
covariates. This finding may be related to the moderate to
large magnitude correlation between intensity and weekly
drinking (» = .58), but it also may suggest that the shared
risk factors that influence smoking status and alcohol
demand are less relevant to episodes of ad libitum drink-
ing captured by the intensity index as compared with the
demand indices related to maximum output/expenditure
or price sensitivity (MacKillop et al., 2008). Although
smokers and nonsmokers did not differ on elasticity in
the multivariate ANCOVA, smoking status was correlated
with elasticity and the three demand indices that yielded
significant ANCOVA results reflecting some element of
price sensitivity (MacKillop et al., 2008). It is possible
that smokers reported greater expenditure and breakpoint
values in part because they are accustomed to making large
expenditures on cigarettes. On average, a pack of cigarettes
costs $5.51 (Rumberger and Hollenbeak, 2010), and more
dependent smokers smoke more cigarettes, resulting in
significant costs (American Psychiatric Association, 2000).
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FiGure 1. Panel A depicts the mean (+1 standard error of the mean; SEM) number of drinks (hypothetical) that student smokers (n = 67) and nonsmokers (n
= 140) would purchase as a function of price plotted in conventional double logarithmic coordinates for proportionality. Panel B depicts the mean (+1 SEM)
expenditure on drinks (hypothetical) at each price by smokers and nonsmokers plotted in conventional double logarithmic coordinates for proportionality.
The individual demand metrics also are provided: demand intensity (i.e., the peak consumption at the lowest price), elasticity (i.e., the rate of consumption
reduction as a function of price), P, (i.e., the maximum inelastic price), O, (i.e., the greatest expenditure on alcohol), and the breakpoint (i.e., the first
price that completely suppresses consumption).
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Therefore, smokers might be less price sensitive overall.
Although in general, intensity, O, ., and elasticity have
shown the most consistent associations with alcohol-related
outcomes and may reflect the most essential elements of
demand (Acker et al., 2012; Murphy et al., 2009), overall
results have been variable, and the current results extend
a few previous studies that indicated that breakpoint and
P .« may at times show significant associations with clini-
cally relevant outcomes (MacKillop and Murphy, 2007). In
general, these results support the continued inclusion of all
five demand metrics in clinically relevant research.

Consistent with previous research (Pape et al., 2009),
smoking status and nicotine dependence were correlated
with alcohol-related problems. Findings from the current
study extend that research by demonstrating that smokers
also report greater demand for alcohol. Although more
research is needed to determine the clinical implications
of elevated demand (MacKillop and Murphy, 2007),
laboratory and theoretical behavioral economic research
suggests that elevated demand reflects stronger and more
persistent motivation to consume the substance (Bickel and
Vuchinich, 2000; Hursh and Silberberg, 2008; Johnson and
Bickel, 2006). The present results extend previous research
indicating that a variety of risk factors for problematic
drinking—including depression and posttraumatic stress
disorder (Murphy et al., 2013), impulsivity (Kiselica and
Borders, 2013; Smith et al., 2010), craving (MacKillop et
al., 2010b), sensation seeking (Skidmore et al., 2009), and
coping-related drinking (Yurasek et al., 2011)—are associ-
ated with elevated demand. This increased alcohol demand
among smokers may contribute to a greater willingness
to allocate excessive resources toward drinking (i.e., time,
money, behavior) or to be less responsive to contingen-
cies that typically reduce drinking (e.g., price or other
elements of response cost; Skidmore and Murphy, 2010),
which could contribute to the occurrence of more alcohol-
related problems (e.g., blackouts, fights, injuries). Thus,
the present results may help to explain the elevated risk for
alcohol problems and the poor treatment response observed
among drinkers who also smoke (Friend and Pagano, 2005;
Karam-Hage et al., 2005).

These findings also are generally consistent with re-
search conducted with nonhuman animals demonstrating
that nicotine administration increases alcohol consump-
tion, which may be the result of cross-tolerance (Collins et
al., 1993) or enhanced reinforcement (Clark et al., 2001).
Similarly, nicotine administration has been found to in-
crease alcohol craving (Kouri et al, 2004) and vice versa
(King and Epstein, 2005), which may contribute to the
increased alcohol reward value found in smokers. In ad-
dition to craving, individuals in an ecological momentary
assessment study reported increased satisfaction in alcohol
consumption after smoking (Piasecki et al., 2011). There-
fore, smokers may find alcohol more reinforcing because

of the enhancing quality of combining the two substances
(Piasecki et al., 2011). This study extends these findings by
examining reinforcing efficacy outside the context of nico-
tine administration.

These findings may imply a more innate or dispositional
characteristic of smokers. Research has demonstrated
an overlap in genetic factors contributing to alcohol and
nicotine dependence as well as vulnerability for depen-
dence (True et al., 1999). Nicotine and alcohol share
neurochemical mechanisms of action in the brain reward
system, including a relationship with the dopamine system
(Preuss et al., 2007). There is evidence that smokers may
have a hypersensitive dopamine system and higher reward
sensitivity, which might make alcohol more reinforcing for
smokers (Hogarth, 2011).

The results of this study must be examined within the
context of its limitations. The directionality of the relation-
ship between our variables cannot be determined because
of the cross-sectional nature of the study. Additionally, data
collected on alcohol consumption, smoking status, alcohol-
related consequences, and expenditures were assessed via
self-report measures. There is considerable empirical sup-
port for the reliability, validity, and accuracy of hypothetical
purchase measures (Amlung et al., 2012; Correia and Little,
2006; Murphy et al., 2009). However, given the increased
use of technology in alcohol and other drug research meth-
odology (Kuntsche and Robert, 2009; Neal et al., 20006), it
would be interesting to investigate relationships between
smoking and behavioral economics indices based on actual
expenditures on alcohol over time (Tucker et al., 20006). It
also might be useful to use a matched-sample design to more
directly isolate the role of smoking status as an influence
on alcohol demand. Finally, this study should be replicated
in a general young-adult sample that includes non—college
students with a range of drinking practices.

Conclusions

Despite these limitations, the findings from this study
provide a conceptual and empirical bridge between the be-
havioral economic alcohol and tobacco literature, suggesting
that smoking cigarettes may contribute to the overvaluation
of alcohol in heavy drinking college students. Those initiat-
ing interventions targeting alcohol consumption also may
want to inquire about smoking status, because smokers are
more likely to relapse to alcohol use after treatment (Friend
and Pagano, 2005; Karam-Hage et al., 2005). Smokers ap-
pear to be less sensitive to price and other contingencies that
would otherwise serve to modulate drinking, and they may
therefore require more intensive intervention approaches
(Murphy et al., 2012). Future research is required to identify
possible mediators of the relationship between smoking and
alcohol demand, including social, affective, and personality
variables.
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