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Abstract

Background—Elevated depression and stress have been linked to greater levels of alcohol
problems among young adults even after taking into account drinking level. The current study
attempts to elucidate variables that might mediate the relation between symptoms of depression
and stress and alcohol problems, including alcohol demand, future time orientation, and craving.

Methods—~Participants were 393 undergraduates (60.8% female, 78.9% White/Caucasian) who
reported at least 2 binge drinking episodes (4/5+ drinks for women/men, respectively) in the
previous month. Participants completed self-report measures of stress and depression, alcohol
demand, future time orientation, craving, and alcohol problems.

Results—In separate mediation models that accounted for gender, race, and weekly alcohol
consumption, future orientation and craving significantly mediated the relation between depressive
symptoms and alcohol problems. Alcohol demand, future orientation, and craving significantly
mediated the relation between stress symptoms and alcohol problems.

Conclusions—Heavy drinking young adults who experience stress or depression are likely to
experience alcohol problems and this is due in part to elevations in craving and alcohol demand,
and less sensitivity to future outcomes. Interventions targeting alcohol misuse in young adults with
elevated levels of depression and stress should attempt to increase future orientation and decrease
craving and alcohol reward value.
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Introduction

A significant percentage of college students experience symptoms of depression (33%) and
stress (38%) (Beiter et al., 2015). Further, about 44% of college students report one or more
binge-drinking episodes (4/5 standard drinks on one occasion for women/men) in the
previous two weeks (Core Institute, 2012). Among college students, symptoms of stress,
depression, and stress-related disorders have been linked to higher levels of alcohol-related
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problems (Martens et al., 2008; McCreary & Sadava, 2000; Pedrelli et al., 2016), in a
manner that is at least partially independent of alcohol consumption level (Dennhardt &
Murphy, 2011). Indeed, depressive and stress symptoms have shown inconsistent
associations with alcohol consumption level and robust associations with alcohol problems
(Merrill & Read, 2010; Park & Grant, 2005; Tripp et al., 2015). Moreover, young adults with
depressive or stress symptoms are less likely to respond to standard brief alcohol
interventions (Geisner et al., 2007; Merrill et al., 2014; Murphy et al., 2012).

Despite strong support for the general association between depressive and stress symptoms
and alcohol-related problems, relatively little research has examined specific mechanisms
that account for these relations. Identifying these mechanisms could lead to intervention
approaches that more specifically target those mechanisms. There is some evidence that
protective behavioral (harm reduction) strategies (Martens et al., 2008) and drinking to cope
(Gonzalez et al., 2011; Kenney et al., 2015) are mechanisms that influence the relation
between depressive symptoms and alcohol problems above and beyond consumption level. It
is possible that dysregulated drinking patterns, characterized by elevated alcohol reward
value, reduced valuation of the future, and heightened alcohol craving, may also account for
the association between depressive and stress symptoms and alcohol-related problems.

Theoretical Mechanisms: Alcohol Demand, Future Orientation, and Craving

Alcohol Demand—Behavioral economic theory views addiction as a reinforcer pathology
characterized by elevated drug/alcohol reward value and reduced valuation of the future that
results in patterns of excessive alcohol and drug use that persist despite the presence of
adverse health and social consequences (Bickel et al., 2014). Behavioral economic
researchers use demand curve analyses to quantify the relative valuation of reinforcers such
as alcohol and other drugs (Bujarski et al., 2012; Hursh & Silberberg, 2008; Murphy &
MacKillop, 2006). Alcohol demand has shown consistent associations with risky patterns of
drinking (Murphy & MacKillop, 2006; MacKillop & Murphy, 2007), alcohol-related
consequences (Skidmore et al., 2014), Alcohol Use Disorder (AUD) severity (MacKillop et
al., 2010), and poor response to brief alcohol interventions (MacKillop & Murphy, 2007).
Recent research has also made significant connections between depressive and stress
symptoms and alcohol demand. Murphy and colleagues (2013) found that symptoms of
depression and posttraumatic stress disorder (PTSD) contributed to elevated demand for
alcohol above and beyond drinking level in a sample of heavy drinking college students.
Specifically, symptoms of depression predicted elevated demand intensity (i.e. higher
consumption when price is low or zero) and lower elasticity (i.e., less sensitivity to price). It
is possible that the symptom relief alcohol provides for individuals with depressive or stress
symptoms may lead them to drink more if the drinks are free and to be less affected by
increases in drink prices. This pattern of dysregulated drinking may contribute to alcohol
problems such as drinking more than originally planned and spending excessive amounts of
time and money related to drinking. Indeed, Tripp and colleagues (2015) found that demand
intensity and elasticity mediated the relation between PTSD symptoms and alcohol-related
problems in a sample of college students.
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Delay Discounting and Future Orientation—Delay discounting (DD), a behavioral
economic index of future orientation and impulsivity, quantifies how rapidly a reward loses
value as it is temporally delayed. DD has shown consistent significant associations with
alcohol misuse (Amlung et al., 2016b), including alcohol consumption (Murphy &
MacK:illop, 2012) and AUD symptoms (MacK:illop et al., 2010), as well as with other
addictive behaviors (Amlung et al., 2016a; MacKillop et al., 2011) in non-college student
populations. However, associations between DD and alcohol misuse in college student
populations have been less consistent (Dennhardt & Murphy, 2011; Gonzalez et al., 2011,
MacKillop et al., 2007a; Murphy et al., 2012).

Symptoms of depression or stress may lead individuals to focus more on present outcomes
and to devalue the future. In a sample of adults with major depressive disorder (MDD), rate
of discounting was associated with severity of hopelessness, and patients with MDD showed
preference toward more immediate financial rewards (Pulcu et al., 2014). Further, Fields and
colleagues (2015) suggested that individuals with elevated stress will tend to shift their
mindset to the more immediate present, with the intention of risky behaviors such as alcohol
or drug use to alleviate stress. Unfortunately, these findings do not appear consistent as some
studies have failed to find associations between DD and depression (Dennhardt & Murphy,
2011; Gonzalez et al., 2011).

Consideration of Future Consequences (CFC; Strathman et al., 1994) also measures the
degree to which an individual’s behavior is influenced by immediate versus distal outcomes,
but relies on the subjective appraisal of the participant to ascertain this rather than
hypothetical monetary choices and is empirically distinct from DD (Daugherty & Brase,
2010). Greater CFC has been associated with less alcohol and tobacco use (Strathman et al.,
1994; Daugherty & Brase, 2010), more frequent exercise (Ouellette et al., 2005), and
personality traits related to self-control (Strathman et al., 1994). Students who experience
elevated depression or stress may overvalue immediate rewards such as alcohol because they
provide relief from anxiety and anhedonia. The relative devaluation of future rewards may
lead these students to neglect school, work, or other activities that have long-term outcomes
in favor of a night out drinking, and to be less concerned with avoiding even next-day
consequences such as hangovers. The present study will extend this research by including
both DD and CFC as measures of time orientation, and will test the hypothesis that
individuals experiencing symptoms of depression or stress will report lower future time
orientation (greater delay discounting/lower CFC), which will in turn contribute to alcohol
problems.

Craving—Craving has been defined as a strong subjective urge to use a substance
(Kozlowski & Wilkinson, 1987) and has shown significant associations with level and
severity of alcohol use (Rosenberg & Mazzola, 2007), typical weekly consumption, and
alcohol-related problems in young adult samples (Tripp et al., 2015). Craving has also
shown significant associations with delay discounting and alcohol demand (MacKillop et al.,
2010). Alcohol cues result in parallel increases in craving and demand (MacKillop et al.,
2007b), suggesting that craving and alcohol demand may reflect different facets of alcohol
incentive salience, which is believed to be a core feature of addiction (Koob & Volkow,
2016). Further, Baker and colleagues (1987) suggested that aversive internal states or
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stimuli, such as depression or stress, also have the potential to elicit craving. A substantial
amount of research has made strong connections between symptoms of depression, stress,
and craving (Cooney et al., 1997). Most relevant to the current study, Tripp and colleagues
(2015) found in a sample of non-treatment seeking college students that craving significantly
mediated the relation between symptoms of PTSD and alcohol-related problems. That is,
students with elevated symptoms of PTSD may experience greater alcohol craving, which in
turn may lead to a manner of drinking that increases alcohol-related problems. Similarly,
students experiencing elevated levels of depression or stress may have found alcohol to be
previously helpful in managing their symptoms, thereby creating a pattern wherein their
depressive and stress symptoms continue to elicit alcohol craving. This pattern may lead to
alcohol-related problems, such as drinking on days or nights when they had planned not to
in order to reduce craving and negative affect. Taken together, it seems that craving plays a
substantial role in the initiation and maintenance of problematic use, especially in
individuals with affective disorders.

Present Study: Alcohol Demand, Future Orientation, & Craving as Mediators

The present study attempted to identify alcohol incentive salience and time orientation
variables that might mediate the relation between symptoms of depression, stress, and
alcohol-related problems. We hypothesized that 1) depressive and stress symptoms would
show significant positive associations with alcohol demand, craving, delay discounting, and
alcohol-related problems, and negative associations with CFC; 2) alcohol craving, demand,
and delay discounting would show significant positive associations with alcohol-related
problems, and CFC would show significant negative associations with alcohol-related
problems; and 3) symptoms of depression and stress would be associated with alcohol
problems, and that this association would be partially mediated by alcohol demand, future
orientation, and craving. Utilizing ten separate mediation models accounting for gender,
race, and alcohol consumption, we were able to parse the variance contributed separately by
depression and stress to alcohol-related problems, and the unique variance each of the five
mediators contributed to these two established relations. Identifying mechanisms that
account for the relation between depression or stress and alcohol-related problems could
lead to improved interventions for college students with comorbid psychiatric and alcohol
use disorders (e.g., Geisner et al., 2015; Merrill et al., 2014; Murphy et al., 2012).

Materials and Methods

Participants

The present study was a secondary analysis from a larger project that evaluated brief alcohol
interventions. Participants were 393 undergraduate college students recruited from two large
public universities in the southeastern United States (60.8% women; average age = 18.77,
SD=1.07, range = 18-25). Students were eligible to participate if they were at least 18
years old, had reported 2 or more binge drinking episodes in the past month (4/5 or more
standard drinks for women/men, respectively, on one occasion), and were either a freshman
or sophomore. Most participants were freshmen (n= 244, 62.1%), and were not involved in
a fraternity or sorority (7= 267, 67.9%). The sample was 78.9% White, 10.9% Black, 1.8%
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Asian, 1.8% American Indian, and .5% Hawaiian/Pacific Islander. Additionally, 5.9% of the
sample identified their ethnicity as Hispanic.

Data were collected as part of the baseline assessment session of a larger alcohol
intervention study with nontreatment-seeking college student heavy drinkers. All data were
collected prior to any exposure to the study’s intervention elements. Participants were
recruited from undergraduate courses and from campus-wide research participation
solicitation emails. Study personnel screened students over the phone for eligibility, and
then, if eligible, described the study in more detail and scheduled the baseline assessment
and brief intervention session. Participants were compensated with extra course credit (for
those in psychology courses) or cash payments ($25) for completing the two-hour
assessment and brief intervention session. Participants completed self-report measures
online on computers in the lab. The university’s Institutional Review Board approved all
procedures.

Depression and Stress Symptoms—The Depression, Anxiety, and Stress Scale
(DASS-21; Antony, et al., 1998) is a 21-item measure that includes subscales assessing past
week depression, anxiety, and stress. Because the anxiety subscale focuses primarily on
physical symptoms and panic, we elected to focus on the depressive and stress symptom
subscales given that these constructs have been associated with the mediators of interest in
previous research (Fields et al., 2015; Pulcu et al., 2014;). Examples of items include: “I
couldn’t seem to experience any positive feeling at all” (depressive) and “I found it difficult
to relax” (stress). Participants are asked to rate how much each item applied to them from 0
(Did not apply to me at all) to 3 (Applied to me very much, or most of the time). Subscale
items are separated, summed, and multiplied by 2 to generate subscale total scores. This
measure distinguishes well between depression, anxiety (physical arousal), and stress
(psychological tension), and has been shown to have good internal consistency and
concurrent validity (Antony et al., 1998). Internal consistency (Cronbach’s alpha) in the
current sample was .89 for the depression subscale and .83 for the stress subscale.

Future Orientation—Two measures were used to assess the extent to which participants
valued the future. A 60-item delay discounting (DD) task, based on the Monetary Choice
Questionnaire (MCQ; Kirby et al., 1999), was administered. Participants were presented
with 60 choices between two hypothetical amounts of money. Each item varies in amounts
presented, and participants must choose between a smaller, immediate amount and a larger
delayed amount (i.e. $50 today vs. $100 in 1 month). Each item contributes to the estimate
of the participant’s discounting rate (k). Higher kvalues indicate steeper discounting, or
greater preference for smaller immediate rewards. Delay discounting tasks such as the MCQ
provide valid and reliable estimates of discounting rates (MacKillop et al., 2010a).

The Consideration of Future Consequences Scale (Strathman et al., 1994) is a 9-item
measure assessing both the extent to which individuals consider future consequences or
outcomes and how these potential outcomes influence their decision-making. Examples of
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items include: “I only act to satisfy immediate concerns, figuring the future will take care of
itself” and “I think it is more important to perform a behavior with important distant
consequences than a behavior with less-important immediate consequences.” Participants
are asked how characteristic each item is for them from 1 (Extremely uncharacteristic) to 5
(Extremely characteristic). Certain items require recoding. All items are summed to generate
a total score where higher scores indicate more future orientation. The CFC scale has
demonstrated good test-retest reliability (Strathman et al., 1994), as well as construct and
convergent validity (Murphy et al., 2012). The 9-item measure in the current sample showed
acceptable internal consistency (a =.71).

Alcohol consumption—The Daily Drinking Questionnaire (DDQ); Collins et al., 1985)
asks participants to estimate the total number of standard drinks they consume each day
during a typical week in the past month. This number is then summed to produce an estimate
of drinks per week. This measure is highly correlated with other measures of alcohol
consumption and has been widely used in the college drinking literature (Geisner et al.,
2015; MacKillop & Murphy, 2007; Martens et al., 2008).

Alcohol-related consequences—The YAACQ, Young Adult Alcohol Consequences
Questionnaire, is a 49-item Yes/No self-report measure of alcohol-related consequences
experienced over the past 6 months, and has good predictive validity and test-retest
reliability (Read et al., 2006). Internal consistency in the current sample was a. = .89 for the
total score.

Alcohol craving—Craving was measured using the Penn Alcohol Craving Scale (PACS;
Flannery et al., 1999), a 5-item, self-report measure assessing past-week frequency of
alcohol craving, intensity of alcohol craving, duration of alcohol craving, and ability to resist
alcohol. Examples of items include: “During the past week how often have you thought
about drinking or about how good a drink would make you feel?” and “During the past week
how difficult would it have been to resist taking a drink if you had known alcohol was in
your house?” The measure uses a 0-6 Likert-type scale for each item. Higher scores indicate
higher levels of past-week craving, and the items may be summed to create a total past-week
craving score. Flannery and colleagues (1999) found excellent construct validity. Cronbach’s
alpha in the current sample was .85.

Alcohol Demand—The Alcohol Purchase Task (APT; Murphy & MacKillop, 2006) was
used to assess alcohol demand. The task instructs participants to imagine that they are with
friends at a party from 9 p.m. until 1 a.m. They are also told that they will not consume
alcohol before or after the party, and that the available drinks at the party are standard size
domestic beers (12 0z.), wine (5 0z.), shots of hard liquor (1.5 0z.), and mixed drinks
containing one shot of hard liquor. Participants are then asked how many drinks they would
consume at each of the following 17 prices: $0 (free), $0.25, $0.50, $1.00, $1.50, $2.00,
$2.50, $3.00, $4.00, $5.00, $6.00, $7.00, $8.00, $9.00, $10.00, $15.00, and $20.00. Demand
intensity is the reported number of drinks consumed when price = $0 (free). Demand
elasticity is a derived index of demand that represents the degree of sensitivity of
consumption to increases in drink price.
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Parent Income—Parent income was assessed by asking a single item: “What is your best
estimate of your parents’ or legal guardians’ yearly income?” Response items ranged from 1
“Less than $25,000/year” to 6 “Greater than $150,000/year” with $25,000-$50,000
increments in between. A seventh response item recoded to zero (0) indicated “I don’t
receive any financial support from my parents.”

Data Analysis

Prior to running any analyses, elasticity and delay discounting were derived using GraphPad
Prism v. 5.04 for Windows (GraphPad Software, San Diego, CA, www.graphpad.com). The
macro for deriving elasticity is available online through the Institute for Behavioral
Resources website (www.ibrinc.org). A modified, exponentiated version of Hursh and
Silberberg’s (2008) exponential equation:

logQ=logQq+k (e *?°“~1) (q)

was used to generate demand elasticity values, where Q = quantity consumed, Qp=
consumption at $0.00 (derived demand intensity), A = range of alcohol consumption in
logarithmic units, C = varying cost of each reinforcer, and a = elasticity (sensitivity to
change in price). The equation when both sides are raised to the power of 10:

Q=Qp * 10~(70)=1] @)

allows unaltered zeros to be included in the curve fit (Koffarnus et al., 2015). For the
purpose of the current study, observed demand intensity was used as opposed to demand
intensity derived (Qp) from the exponentiated equation. Based on procedures described in
Koffarnus et al (2015), the constant & value for all analyses was set at 1.726, which was
determined by subtracting the logq-transformed average consumption at the highest price
($20) from the logyg-transformed average consumption at the lowest price ($0). This allows
the parameters of @y and a to vary freely. Larger a values indicate greater elasticity (i.e.
greater price sensitivity and lower alcohol reward value).

To ensure quality of the data, each participant’s data on the APT were examined for missing
data and inconsistencies (i.e., when drinks purchased at a given price were greater than the
preceding price, beginning with the second lowest price point). Participant data with more
than one inconsistency as described were eliminated from elasticity calculations (N=9).
Delay discounting rate was calculated from the Delay Discounting Task using Kirby and
colleagues’ (1999) approach. Participants were assigned a & value, or hyperbolic temporal
discounting function, which was estimated based on each participant’s responses across the
task. The assigned k value reflects the highest relative consistency among discounting
values, with larger & values reflecting greater discounting (lower future orientation).

Next, outliers in all variables were corrected using methods described by Tabachnick and
Fidell (2012). Values exceeding 3.29 standard deviations above or below the mean were
recoded to be one unit greater or lower than the greatest non-outlier value, respectively.
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Distributions were checked for skewness and kurtosis, and transformed using square root or
log transformations as appropriate. The following variables were transformed: depressive
symptoms, stress symptoms, typical drinks per week, demand intensity, demand elasticity,
and delay discounting (&).

To examine hypotheses one and two, bivariate Pearson correlations were computed between
the depression and stress subscales of the DASS, typical weekly drinking, demand variables
(intensity & elasticity), CFC Scale total score, delay discounting estimates (&), Penn
Alcohol-Craving Scale total score, YAACQ total score, and reported parent income. To
examine hypothesis three, ten single mediation analyses were conducted using PROCESS
Macro (Hayes, 2013) for SPSS to examine whether demand intensity and elasticity, delay
discounting and consideration of future consequences, and craving mediated the relation
between stress, depressive symptoms, and alcohol-related problems. To test the indirect
association of depressive symptoms and stress on alcohol-related consequences through the
path of craving, demand indices, and future orientation, a nonparametric bootstrapping
method of 5,000 samples using a confidence interval of 95% was used. This approach makes
no assumptions about the sampling distribution (Hayes, 2013). An indirect association is
considered to be significant if the confidence interval does not include O (zero). Consistent
with the recommendation of Hayes (2009), we investigated possible indirect, mediating
effects on the relation between stress and depressive symptoms and alcohol problems even in
the absence of significant bivariate relations. Each of the mediation models included
covariates of gender, race, and typical drinks per week (Dennhardt & Murphy, 2011). Parent
income was included as a covariate in a model if it showed significant associations with an
identified mediator variable (i.e., intensity, delay discounting).

Descriptive information on all variables in the study are presented in Table 1. As described
above, demand elasticity (sensitivity to change in price) estimates were derived using a
modified exponentiated exponential demand curve equation (Hursh & Silberberg, 2008;
Koffarnus et al., 2015). This equation provided a good fit (/2= .98) to both the aggregated
data (i.e. sample mean consumption), and to individual participant data (mean /2= .90).
However, there is no accepted criterion for demand-curve fit adequacy, and A2 may not
function well as a measure of curve fit with nonlinear models (Johnson & Bickel, 2008).

Bivariate Pearson Correlations among Variables

Table 1 presents descriptive characteristics and correlations among study variables.
Depressive and stress symptoms were highly correlated with each other, as well as with
craving and alcohol-related problems, and were significantly negatively correlated with the
CFC scale. Typical weekly consumption was not correlated with depressive or stress
symptoms, though it did show significant associations in the expected direction with demand
intensity and elasticity, craving, and alcohol-related problems. Finally, alcohol-related
problems were significantly associated with depressive and stress symptoms, typical drinks
per week, demand intensity and elasticity, CFC, and craving in the expected directions.
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Demand, Future Orientation, and Craving as Mediators of the Relation between Depressive
Symptoms and Alcohol-Related Problems

Demand intensity, elasticity, delay discounting, CFC, and craving were tested separately as
mediators of the relation between depressive symptoms and alcohol-related problems using
the PROCESS macro including the covariates noted above. As shown in Table 2, CFC and
craving were significant single mediators. Approximately, 8.3% and 23.3% of the effect of
depression on alcohol problems occurred indirectly through CFC and craving, respectively.
The ratios of the indirect effects of CFC and craving to the direct effects were both less than
1, indicating that more of the total effect in the models was determined by the direct effect of
depression on alcohol problems.

Demand, Future Orientation, and Craving as Mediators of the Relation between Stress
Symptoms and Alcohol-Related Problems

Demand intensity, elasticity, delay discounting, CFC, and craving were tested separately as
mediators of the relation between stress symptoms and alcohol-related problems in models
including the covariates noted above. Demand intensity, CFC, and craving were significant
single mediators (Table 2). Approximately, 4.1%, 5.7%, and 20.1% of the effect of stress on
alcohol problems occurred indirectly through demand intensity, CFC, and craving,
respectively. The ratios of the indirect effects of demand intensity, CFC, and craving to the
direct effects were all less than 1, indicating that more of the total effect in the models was
determined by the direct effect of stress on alcohol problems.

Discussion

The goal of the present study was to examine behavioral economic variables and craving as
potential mediators of the established relation between symptoms of depression, stress, and
alcohol-related problems (Pedrelli et al., 2016). The overall pattern of results provides partial
support for our hypotheses. Depressive and stress symptoms showed significant positive
associations with craving and alcohol-related problems, and significant negative associations
with CFC. Demand intensity (consumption when price = 0), demand elasticity (sensitivity to
price), CFC, and craving also showed significant associations with alcohol-related problems
in the expected directions. Of note, depression, stress, craving, and demand intensity each
accounted for almost as much variance in alcohol problems as typical consumption level,
further indicating their importance as assessment and treatment targets given the overall goal
of reducing harm related to drinking. CFC and craving significantly mediated the relation
between depressive symptoms and alcohol-related problems, and demand intensity, CFC,
and craving significantly mediated the relation between stress symptoms and alcohol-related
problems. Thus, heavy drinkers who are stressed or depressed may tend to drink in a manner
that maximizes the immediate reinforcement associated with drinking despite the possibility
of deleterious long-term outcomes (e.g., drinking the evening before a college class, in the
absence of trusted companions, or in a situation that requires driving). These individuals
may also crave alcohol more, which may lead them to drink when they had originally
planned not to or to drink more than they had planned. Further, students who are stressed
may also value alcohol more highly, which may impair their ability to regulate drinking as a
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function of (financial and behavioral) price. This might include excessive drinking when
drinks are free/inexpensive such as at parties or college bars with low-price drinks.

Contrary to our hypotheses, demand elasticity (sensitivity to price) was not a significant
mediator. This is inconsistent with previous research indicating that demand elasticity
mediated the association between post-traumatic stress symptoms and alcohol problems
(Tripp et al., 2015). This inconsistency may be related to sample characteristics. Tripp and
colleagues’ (2015) sample had a wider age range with a higher average age (18-38 years,
M=21.7) compared to the current study (18-25 years, M=18.77), perhaps leading to more
experience with purchasing drinks, and more financial constraints such as housing/car
payments. Thus, variability in drink price elasticity may be a more meaningful individual
difference factor among the slightly older young adults included in the Tripp sample relative
to the first and second year students included in the present sample. Consistent with previous
research, however, elasticity was associated with delay discounting, craving, and alcohol
problems in the expected direction (MacKillop et al., 2010), suggesting that it was a
clinically relevant index of alcohol reward value in our sample.

Taken together, the current study provides further evidence that the relation between
symptoms of depression or stress and alcohol-related problems is at least partially
independent of alcohol consumption level (Dennhardt & Murphy, 2011; Martens et al.,
2008; Tripp et al., 2015). Further, the current study, along with previous research showing
strong associations between depressive and stress symptoms and alcohol-related problems
but not with alcohol consumption, suggests that stress and depression may influence the
manner of drinking more so than the quantity and frequency of drinking (Park & Grant,
2005). Martens and colleagues (2008) previously found that young adults with depressive
symptoms were less likely to use protective behavioral strategies, and that this resulted in
increased alcohol problems even after controlling for drinking level. The current results
extend this line of research by identifying demand intensity, consideration of future
consequences, and craving as additional mechanisms, with craving as the most robust
mechanism.

The current results are also consistent with previous research showing that depressive and
stress symptoms increase demand (Murphy et al., 2013; Tripp et al., 2015) and that demand
is an indicator of risky alcohol use (MacKillop et al., 2010; MacKillop & Murphy, 2007;
Murphy et al., 2013; Murphy & MacKillop, 2006; Skidmore et al., 2014). Interestingly,
consistent with the results of Tripp et al., demand intensity was not related to depressive and
stress symptoms in bivariate correlations, but was significantly related in the mediation
models that controlled for typical weekly drinking and gender. It is likely that using alcohol
to cope with or alleviate symptoms effectively increases the reward value of alcohol, leading
to a stronger motivation to drink across situations and to continue to drink despite
intoxication. This pattern of dysregulated drinking that may be less sensitive to
contingencies may lead to alcohol-related problems in a manner that is partially independent
of overall weekly drinking quantity.

In addition to elevated demand, low future orientation is the other primary risk factor in
behavioral economic models of addiction (Bickel et al., 2014; Vuchinich and Heather, 2003).
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Although delay discounting is the most commonly used behavioral economic measure of
future orientation and has shown robust relations with a variety of substance misuse indices
(Bickel et al., 1999; Stein et al., 2016), its relation with other behavioral economic and
alcohol-related variables in young adult alcohol misuse has been rather inconsistent
(Dennhardt & Murphy, 2011; Gonzalez et al., 2011; MacKillop et al., 2007a; Murphy et al.,
2012). Further, the current study found no significant associations between delay
discounting and alcohol consumption or problems. Given that many college students have
limited experiences with earning and saving money, it is possible that decisions about
hypothetical monetary rewards are less representative of their actual valuation of delayed
outcomes more generally.

To our knowledge, this is the first study that has examined consideration of future
consequences (CFC) in the context of depressive and stress symptoms and alcohol-related
problems in a sample of heavy drinking college students. As expected, individuals with
elevated levels of depression or stress may be considering future consequences less, which
may lead to a greater number of alcohol-related problems. Though CFC has been
conceptualized as a relatively stable trait characteristic (Strathman et al., 1994), Murphy and
colleagues (2012) found that a brief alcohol intervention paired with a behavioral economic
supplement (Substance-Free Activity Session, or SFAS) increased future orientation and was
especially helpful for students with depressive symptoms. Further, Episodic Future Thinking
(EFT) tasks have been shown to reduce delay discounting and demand (Stein et al., 2016),
and may also be beneficial for heavy drinking college students experiencing stress or
depression. Therefore, despite its traditionally stable nature, time orientation may actually be
relatively malleable in young adults and amenable to brief intervention approaches. The
current study also contributes to the arguably small alcohol literature demonstrating the use
and advantages of CFC.

Craving was the strongest mediator between depressive and stress symptoms and alcohol-
related problems. The larger indirect effect may be due in part to the fact that some aspects
of craving may be reflected in the alcohol-related problems included in the YAACQ (e.g.,
drinking when planned not to, drinking more than originally planned, difficulty limiting how
much; Read et al., 2006). Although few studies have examined the role of craving in the
relation between symptoms of depression or stress and alcohol-related problems (Tripp et
al., 2015), a number of studies have shown that aversive internal states, such as depression or
stress, have the potential to elicit craving (Baker et al., 1987; Cooney et al., 1997). Although
this does not necessarily lead to increases in alcohol consumption, it may lead to
dysregulated patterns of drinking that increase risk for alcohol-related problems. As noted
below, these results suggest that heavy drinkers who experience symptoms of stress or
depression may benefit from intervention elements that, in addition to targeting motivation
to reduce drinking, include behavioral or pharmacological elements that reduce craving
(Longabaugh & Morgenstern, 1999; O’Malley et al., 2002).

Limitations and Future Directions

Because this study was cross-sectional it is impossible to determine the direction of the
relations, and in fact our behavioral economic model assumes the observed relations are
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bidirectional. Elevated demand and devaluation of future outcomes are likely predisposing
risk factors for alcohol misuse that are influenced by biological and environmental factors,
and regular heavy drinking will exacerbate these risk factors leading to increasing alcohol
valuation, craving, and myopia over time (Bickel et al., 2014; Vuchinich & Heather, 2003).
More intensive prospective research, for example using Ecological Momentary Assessment,
to tease apart and systematically evaluate the sequence is justified. Additionally,
retrospective, self-report measures were used and do not capture real-time variability in
depressive and stress symptoms, demand, future orientation, craving, and alcohol use and
related problems. Future research may also benefit from a more nuanced assessment of
craving that considers the facets of relief, reward, and obsessive craving, as proposed by
Verheul and colleagues (1999). Further, the time periods assessed across the different
constructs are not consistent with each other (i.e., alcohol consumption and problems were
assessed over the past month, depression and stress symptoms over the past week).

We also note that multiple testing of single mediators increases the likelihood of a Type |
error. However, given the novel nature of the study, we elected to evaluate each mediator
separately in order to evaluate their unique contributions to alcohol problems.. Finally, the
sample was limited to heavy drinking college students from two large public universities
(one urban and the other rural) and may not generalize to other heavy drinking populations
or non-college student peer samples. However, this was consistent with our goal of
understanding these phenomena in general, non-clinical samples of high-risk young adults
given that previous research suggests that subclinical symptoms are associated with more
problematic patterns of drinking that are less responsive to interventions (Dennhardt &
Murphy, 2011; Merrill et al., 2014).

Future research should examine these relations over time using more fine-grained
measurement approaches and other high risk populations. For example, it would be
interesting to see if reductions in stress or depressive symptoms lead to reductions in
demand and craving and increases in future orientation. Further, it is possible that
individuals experiencing elevated levels of depression or stress are evaluating or interpreting
their drinking-related behaviors and problems more negatively than someone who is not
experiencing this same level of symptoms (Kenney et al., 2017). As such, this bias may
affect how these individuals interpret the items on the alcohol-problems measure and how
they report on their own drinking-related behavior and problems. Future research should
tease out this potential reporting bias as it relates to symptoms of depression and stress and
alcohol-related behaviors and problems. Alternatively, it is also possible that alcohol-related
problems may be contributing to elevated levels of depression or stress. Future research
should include experimental manipulations that directly target the mechanisms of interest
and evaluate the impact on alcohol problems (MacKillop et al., 2010).

Summary and Clinical Implications

The results of this study replicate previous research suggesting that symptoms of depression
and stress are significant predictors of alcohol-related problems among young adults
(Pedrelli et al., 2016), and extend this research by identifying craving, alcohol demand, and
future orientation as mediators of the relations between depression, stress, and alcohol
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problems. The primary clinical implication is that heavy drinking college students with
depressive or stress symptoms may have greater alcohol reward value, less future
orientation, and higher levels of craving, which may increase risk for experiencing alcohol-
related problems such as impaired control while drinking, blackout drinking, and negative
social or occupational consequences due to alcohol use. Brief alcohol interventions have
been widely disseminated across college campuses (Mun et al., 2015), and the current results
suggest that heavy drinkers with symptoms of depression or stress should be prioritized for
these services. In addition to assessing alcohol use, problems, and depressive and stress
symptoms, comprehensive assessments should measure alcohol demand, future orientation,
and craving. This suggestion aligns well with the recommendations by Kwako and
colleagues (2015) that substance abuse assessments target three neuro-clinical domains:
executive function (i.e., response inhibition, planning, valuation of the future), incentive
salience (i.e., motivation, conditioned reinforcement, reward), and negative emotionality
(i.e., depressive and stress symptoms). Further, interventions targeting alcohol use and
problems in heavy drinking college students may be improved by specifically including
components from cue exposure (Rohsenow et al., 1995), Cognitive Behavior Therapy (CBT;
Longabaugh & Morgenstern, 1999), or naltrexone pharmacotherapy that reduce craving
(O’Malley et al., 2002), and behavioral economic intervention elements such as Episodic
Future Thinking (EFT; Stein et al., 2016) and substance-free activity enhancement (Murphy
et al., 2012) that increase future orientation and decrease alcohol reward value.
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