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Abstract

We review recent advances in the application of behavioral economics to alcohol use disorders
(AUDs). Specifically, we review individual differences in alcohol demand (i.e., the relative
reinforcing value of alcohol) and delayed reward discounting (i.e., impulsive decision making) in
relation to AUDs. Additionally, we review the efficacy of reinforcement-based clinical
applications. What emerges from the literature is an extensive body of cross-sectional research
implicating alcohol demand and delayed reward discounting with alcohol misuse. However, more
research is needed to examine these domains across the lifespan in order to understand their
longitudinal trajectories. Similarly, clinical research is consistently supportive of reinforcement-
based clinical interventions, but the number of randomized controlled trials to date is relatively
small and there has been limited examination of the putative mechanisms of behavior change.
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Introduction

Behavior economics integrates concepts from psychology and microeconomics to
understand the transactions that individuals make with the world [1*]. In the case of alcohol
use disorders (AUDs) and other forms of addiction, a behavioral economic approach is an
extension of an operant learning perspective, in which alcohol and other drugs
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fundamentally represent powerful positive and negative reinforcers that come to dominate an
individual's behavioral repertoire [2, 3]. This is combined with the insight that complex
reinforcement environments, where diverse alternatives and schedules are available, are
effectively microeconomies, in which the person (or animal) makes cost-benefit decisions
about how financial or behavioral resources are allocated [1*, 4, 5].

Although its provenance is different from other forms of behavioral economics that draw on
cognitive psychology [6] or game theory [7], this approach has a similarly high emphasis on
decision making as a critical determinant of the behavior of an individual, healthy or
unhealthy. More specifically, behavioral economics conceptualizes addictive disorders as
disorders of reoccurring maladaptive decision making based on two types of preferences.
The first form of disordered preferences is that the problem substance is excessively highly
valued as a reinforcer, and the second form is an excessive preference for smaller immediate
rewards compared to larger delayed rewards. In this review, we will concisely review the
application of behavioral economics to understanding the etiology and treatment of AUDs.
The general topics include alcohol demand (i.e., factor 1: the relative reinforcing value of
alcohol), delayed reward discounting (DRD:; i.e., factor 2: impulsive decision making), and
clinical applications. In each section, we will review the state of the contemporary literature
and identify gaps in knowledge that are priorities for future work.

Alcohol Demand

Demand is a fundamental concept in economics, referring to how much is sought or
consumed at a given price. In a behavioral economic context, alcohol demand refers to how
much alcohol is sought or consumed under conditions of prices that take various forms,
including money or behavioral responses [8, 9]. In this context, demand putatively reflects
how valuable alcohol is to the individual as a reinforcer. Historically, demand was typically
measured using operant self-administration paradigms which defined costs as behavioral
responses for alcohol or other drugs (e.g., plunger pulls) [10-12]. More recently, studies in
humans now often assess the level of demand for alcohol with a purchase task in which
subjects are asked to estimate alcohol consumption at varying levels of price per drink [13,
14]. Specifically, examination of an individual's level of consumption across escalating
prices can be used to generate five conceptually related indices of demand [15, 16] (Table 1)
and an overall demand curve which summarizes the relationship (Figure 1). The primary
study methodologies for measuring alcohol demand are: 1) trait-based demand (i.e., typical
demand); 2) state-based demand (i.e., demand in varying conditions); 3) behavioral theories
of choice (i.e., alcohol demand versus other commodities).

Trait-based demand

Trait-based alcohol demand (i.e., estimated typical level of consumption at varying levels of

price) has been consistently associated with greater weekly alcohol consumption [13, 15, 17,
18], including frequency of heavy drinking [13], caffeinated alcoholic beverage consumption
[19], alcohol-related problems [13, 16, 18, 20], and less of a decrease in drinking following a
harm reduction intervention [8]. Notably, a recent study found that in heavy drinking college
students, symptoms of depression and posttraumatic stress disorder were uniquely associated
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with elevated alcohol demand even after taking into account differences in typical drinking
levels [21]. This suggests that the negative reinforcing properties of alcohol may be
particularly salient for those experiencing aversive psychological symptoms. Another
interesting recent study of college drinkers identified alcohol demand to be higher in
smokers even after controlling for alcohol consumption, gender, alcohol problems, and
depressive symptoms [22]. These latest studies suggest that alcohol demand uniquely
contributes to the relationship between elevated alcohol use and co-occurring processes such
as negative affective symptoms and cigarette smoking. Although these studies all utilized
hypothetical rather than actual rewards, a methodological study determined that there was a
close correspondence between value preferences for hypothetical and actual alcohol, and
between estimated consumption and actual consumption, supporting the validity of using
estimated consumption [23]. Furthermore, the hypothetical alcohol purchase task has been
shown to demonstrate good to excellent 2-week test-retest reliability [16]. Although only
one study has been conducted to date, the temporal stability of a cigarette purchase task has
been found to be similarly high [24] and, more broadly, the relationships between individual
differences in tobacco demand and nicotine dependence [e.g., 25, 26] have been very similar
to the preceding findings, suggesting the generality of these relationships.

State-based demand

The preceding studies all used an alcohol purchase task that focused on alcohol demand in a
trait-like way (i.e., how much an individual estimated they would consume on a typical
drinking occasion). However, several studies have applied purchase tasks and related
measures to improve the assessment of acute motivation for alcohol, most commonly
assessed via subjective craving. For example, state alcohol demand has been shown to
dynamically increase in an alcohol cue reactivity paradigm [17, 27]. Similarly, two recent
studies found that, negative affect and stress inductions significantly increased alcohol
demand [28, 29]. These findings are similar to recent studies applying behavioral economics
to understand acute motivation for tobacco [30-32]. These findings suggest that state-based
alcohol demand may complement existing measures of acute motivation, such as craving,
affect, or arousal.

Behavioral theories of choice

The preceding approaches all characterize the reinforcing value of alcohol by scaling it
against a domain-general (nonspecific) unit of cost (i.e., money, effort). In contrast, other
methods can be used to assess the proportionate value of a commaodity in relation to, and
even in combination with, multiple other available reinforcers. This approach, referred to as
behavioral theories of choice [33, 34], captures the extent to which the overall proportion of
reinforcement is dependent on alcohol. For example, a person with a low ratio of
proportionate alcohol-related reinforcement exhibits a profile that suggests drinking is a
reinforcing activity that is generally independent of other forms of reinforcement, whereas a
person with a high ratio of proportionate alcohol-related reinforcement suggests that alcohol
operates synergistically, as a complement, to many reinforcing activities in a person's life. In
young adults, there is evidence that heavy drinkers report less reinforcement from nondrug
activities compared to matched controls [35, 36]. Moreover, alcohol-free reinforcement (i.e.,
enjoyability of alcohol-free activities) is significantly negatively associated with alcohol
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misuse and vice versa [8, 36—38]. Furthermore, proportionate alcohol-related reinforcement
(i.e., ratio of alcohol-related to alcohol-free activity participation and enjoyment) has been
found to predict treatment response [38], and a recent study found that a behavior economic
intervention designed to increase alcohol-free reinforcement significantly reduced drinking
[39], particularly for individuals with low baseline levels of alternative reinforcement.

The overall body of work in this area suggests two robust conclusions. First, human
laboratory and purchase task studies provide strong support for an operant perspective on
alcohol motivation, suggesting that consumption is substantially influenced by response cost
contingencies. Second, individual differences in alcohol demand are significantly associated
with level of alcohol consumption, severity of alcohol problems, and other clinically-
relevant variables. What is less clear at this point, however, is the etiological relevance of
high alcohol demand. That is, does alcohol demand recursively predict the escalation of
alcohol misuse or is it another indicator of misuse, a symptom. Theoretically, it is the
former, but longitudinal studies are necessary to test that hypothesis and none have been
published to date. Furthermore, longitudinal studies are needed to tease out the mediating
and moderating relationships among these behavioral economic variables and other
conventional measures of risk, such as drinking motives or alcohol expectancies [40, 41].
Finally, much of the research studies to date have been conducted on college students and
therefore replicating and extending these results to adult community populations and non-
college young adults is of high priority moving forward.

Delayed reward discounting

Delayed reward discounting refers to an individual's propensity to select smaller immediate
rewards over larger delayed rewards. This is typically assessed using intertemporal choice
tasks comprised of dichotomous choices between smaller-immediate and larger-delayed
rewards (most commonly, differing monetary amounts). Thus, a prototypic DRD task item,
such as $75 today versus $100 in one-week, assesses the extent to which a person is willing
to give up a larger reward to receive a smaller one immediately. Individuals are asked a
series of questions with varying reward amounts and reward delays, from which an index is
derived reflecting their overall capacity to delay gratification (for indices of DRD preference
see Table 1) [42, 43]. Although most studies on DRD use hypothetical reward tasks, several
studies have found close correspondence between DRD assessments for actual and
hypothetical rewards in both healthy [44-46] and addiction samples [47].

A substantial body of research has examined differences in DRD between individuals with
AUDs and healthy comparisons, consistently finding that those with AUDs exhibit
significantly greater impulsive DRD compared to healthy subjects [48-51]. Notably, DRD is
associated with AUD severity as well as drinking quantity and frequency [20, 52-54, 55*].
A recent meta-analysis synthesized the findings of numerous categorical studies (including
17 on alcohol), finding highly-significant, medium magnitude effect size differences
between groups exhibiting addictive behavior and controls (Cohen's &= .50 in clinical
alcohol samples; @'= .26 in subclinical alcohol samples) [56*].
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The cross-sectional nature of the bulk of the studies on impulsive DRD does not allow for
determination of whether impulsive DRD is a risk factor for addictive behavior or if it is
merely a consequence of prolonged substance use [57, 58]. However, a handful of research
studies support that DRD preference at least partially predates the development of addiction.
For example, more impulsive DRD in adolescence has been shown to predict earlier onset of
AUD symptoms in retrospective studies [59, 60] and most recently, has been shown to
prospectively predict severity of alcohol misuse over a six-month period [61]. In a
longitudinal study of adolescents, impulsive DRD was shown to mediate the relationship
between reduced working memory capacity and increased drinking frequency over time
[62].

Additionally, support for the role of DRD in AUD prognosis has been demonstrated in a
series of naturalistic studies using an index of DRD that characterizes a person's relative
allocation of discretionary monetary expenditures to alcoholic beverages (immediate reward)
versus savings (delayed rewards). In the first study, Tucker et al. (2002) found that this
measure of DRD predicts naturalistic resolution among untreated problem drinkers [63]. In a
larger follow-up study, Tucker, Vuchinich, Black, and Rippens (2006) found that this
discretionary spending patterns index added incremental utility to established predictors in
determining drinking outcomes at a two year follow-up [64]. This was further replicated in a
study using an Interactive Voice Response telephone system as a form of ecological
momentary assessment, again with less expenditures on alcohol and more on savings
incrementally predicting natural resolution and moderation outcomes [65, 66].

With regard to research priorities, although longitudinal research has been conducted,
considerably more is necessary to determine whether impulsive DRD reliably predicts the
onset of alcohol and other substance misuse and, if so, how DRD as a risk factor relates to
other risk factors, behavioral economic and otherwise. Similarly, relatively little work has
contextualized DRD over the life course and, given that chronic and early life stress are
associated with addictive behavior [67], DRD could be examined as a potential mechanism
of these relationships [68]. One challenge to incorporating DRD into a range of research and
clinical contexts is that the assessment can be relatively time intensive to administer. As such
the development of brief but accurate methods for assessing DRD will increase its
versatility. Two recent notable studies have utilized unique methods to isolate eight and five
dichotomous choices, respectively [69, 70], offering abbreviated fast methods for assessing
DRD. Future studies will need to validate these novel measures in substance abuse samples
in particular.

Finally, one of the most salient open questions is whether DRD is an endophenotype for
AUDs. Indeed, evidence supports its association with AUDs and its heritability [71-74,
75*]. In addition, a small number of studies have linked impulsive DRD to dopamine-related
polymorphisms [76-80], although the findings are already somewhat inconsistent. Much
work is needed to characterize genetic influences on DRD and, ultimately, whether DRD
mediates the relationship between particular genes and risk for AUDs.
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Clinical Applications

Clinical applications of behavioral economics have typically focused on altering the
reinforcement contingencies in an individual's life to increase the value of sobriety and the
costs of drinking. The longest standing reinforcement-based treatment is the Community
Reinforcement Approach (CRA) [81], which attempts to restructure the environmental
contingencies in a patient's life so that abstinence becomes more reinforcing than drinking.
A typical consequence in individuals with AUDs is that their drinking has reduced the
number of reinforcing opportunities other than alcohol in their life. Therefore, CRA attempts
to restore healthy alternative forms of reinforcement that are mutually exclusive with
drinking for the individual. Regarding the efficacy of CRA, early trials reported very positive
outcomes [81-83] and subsequently positive outcomes have been found in several
populations, including challenging groups, such as homeless adults [84] and young adults
[85]. Based on this, systematic reviews have found the CRA to have robust support for the
treatment of AUDs [86, 87] and fairly consistent support for treating other substance use
disorders (for a systematic review see [88*]). In addition, the CRA approach has also been
adapted for use with family members, termed Community Reinforcement Approach Family
Training (CRAFT). Many individuals with AUDs are not actively motivated to change their
drinking and the CRAFT model provides training to family members to encourage the
individual to seek treatment. Specifically, the CRAFT program offers strategies for changing
the home environmental contingencies to positively reinforce not drinking, to not reinforce
drinking, and to positively encourage the individual to seek treatment. Clinical studies to
date have supported the CRAFT approach for both alcohol [89-91] and other drugs [88™*].
Considered together, existing clinical research is consistently supportive of CRA and
CRAFT, but the number of randomized controlled trials to date is relatively small.

The second major form of reinforcement-based treatment is contingency management (CM).
Unlike CRA, which focuses on larger contingencies in a person's life, CM seeks to reinforce
pro-treatment outcomes directly using incentives [92]. Although only two studies to date
have examined the efficacy of CM in AUDs, both found that CM was associated with
significantly more positive outcomes and the more recent study found that CM can be
implemented successfully by trained community providers [93*, 94]. Furthermore, a meta-
analysis of CM for substance use disorders has found it to be consistently efficacious across
a number of substances [95]. Importantly, new alcohol biomarkers and technologies are
circumventing the problem of depending upon breath alcohol content (BrAC). For example,
ethyl-glucuronide (EtG) is a biomarker of recent alcohol use that has a longer half-life and
can be detected in urine for up to 2 days. A recent study found that EtG plus BrAC
compliance tests substantially increased abstinence in a CM feasibility study [96]. Similarly,
another study incorporated a secure continuous remote alcohol monitoring (SCRAM)
bracelet into a CM feasibility trial [97]. The SCRAM device is a transdermal alcohol
monitor that is used primarily in legal settings for monitoring alcohol use in adjudicated
individuals. It provides around-the-clock monitoring and permitted verification of
contingencies during a 2-week CM trial period, which significantly decreased drinking
during this period [97]. This device has been shown to correlate very closely with breath
alcohol content (.84) [98] and yields good sensitivity at BAC (blood alcohol concentration)
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> .08 g/dl (88%) without false positives [99]. However, limitations still remain including
accurate detection of lower BAC (<.08 g/dl), water accumulation, and signal interference
[99].

There are a number of research priorities for clinical applications of behavioral economics,
both in extending existing findings and taking qualitatively new steps forward. As noted
above, the total number of RCTs for these interventions for AUDs remains relatively small.
In addition, with regard to CRA and CM interventions, relatively little work has been done
to characterize whether the positive intervention effects are actually mediated by the putative
mechanisms of action (e.g., increases in alcohol-free reinforcement). For example, it would
be particularly interesting to see the extent to which a change in the relative reinforcing
value of alcohol mediates the relationship between CRA and CM treatment and positive
drinking outcomes. Equally, no studies (to our knowledge) have examined behavioral
economic variables as moderators of CRA or CM interventions. Level of alcohol demand,
for example, is an obvious candidate for moderating responsiveness to CM. Related to this,
behavioral economic variables may be useful for characterizing alcohol pharmacotherapy
mechanisms, as one study has already demonstrated in the case of naltrexone [100]. In
general, relatively little work has been conducted examining the mechanisms of behavior
change that underlie these treatment strategies. Expanding the contexts for delivering these
treatments is also a high priority and there is promising evidence that CRA and CM can be
provided in computer-based formats. Specifically, a recent trial investigated the addition of a
computer-delivered intervention comprising both components and found the package
significantly improved retention and abstinence [101]. Because the two components were
combined, however, it was unclear whether differential roles were present and what the
underling mechanisms were.

As a final point, beyond existing interventions, behavioral economics may also contribute to
novel treatments. For example, a recent randomized controlled trial combining a brief
motivational intervention (BMI) and a behavioral economic supplement for heavy drinking
young adults found that the supplement significantly improved outcomes compared to the
BMI alone [39]. The additional module was focused on increasing the salience of academic
contingencies (e.g., the relationship between academic performance and future career
prospects), increasing involvement in nondrinking activities, and examining the discrepancy
between drinking behavior and the individual's goals. This was the case for both short- and
long-term outcomes. Furthermore, a recent study found that working memory training
substantially decreased DRD in stimulant addicts [102], suggesting this approach may have
clinical utility. Additionally, other studies have used methods of altering temporal attention
to significantly reduce DRD in healthy [103] and obese adults [104]. Thus, in the future,
impulsive DRD may also be a treatment target in problematic drinkers.

Conclusion

The goal of this review was to provide a concise overview of the research program applying
behavioral economics to understanding AUDs and to draw attention to priorities for further
research. What emerges from the literature is an extensive body of research implicating high
levels of alcohol demand and highly impulsive DRD with AUDs, but the nature of these
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relationships is not definitive at this point. Consistent with the behavioral tradition that these
perspectives and methods emerged from, the picture is most clear in laboratory studies and
descriptive psychopathology studies, when, for example, individuals with AUDs are
contrasted with control participants. Despite the strong descriptive account of alcohol
demand and DRD in AUDs, there are relatively few studies considering these variables
across the lifespan, from genetic influences that contribute to innate differences to
environmental and developmental influences. Situating these behavioral economic variables
in the larger etiological framework of alcohol use disorders may well be the highest broad
priority going forward.
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Figure 1.

Tvgo prototypic demand curves illustrating the individual indices of demand and higher and
lower levels in two hypothetical individuals. Intensity refers to consumption at zero cost,
breakpoint refers to the price that entirely suppresses consumption to zero, and elasticity
refers to the slope of the demand curve, reflecting sensitivity to escalating costs. Omax refers
to maximum expenditure across the demand curve (not shown).
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Table 1

Behavioral economic assessments and associated indices of demand and impulsivity.

Assessment Description/Index Definition

Alcohol Purchase Task Behavioral economic measure of alcohol demand. The assessment characterizes alcohol-related cost-
benefit decision making via estimated consumption at varying levels of price

Intensity Consumption at zero price
Breakpoint First price that reduces consumption to zero
Ommax Maximum expenditure on alcohol across prices
Prnax Price at which the demand curve first becomes elastic; also the price associated with maximum
expenditure
Elasticity Proportionate slope of the overall demand curve
Delayed Reward Discounting Behavior economic measure of impulsivity. The assessment characterizes propensity to select smaller
Task immediate rewards over larger delayed rewards
k Hyperbolic discounting function reflecting the overall rate of discounting of delayed rewards
Area under the curve Model-free assessment of temporal discounting via geometric quantification of the discounting curve
Impulsive choice ratio Simple ratio of impulsive to delayed reward choices

Curr Addict Rep. Author manuscript; available in PMC 2016 October 28.



	Abstract
	Introduction
	Alcohol Demand
	Trait-based demand
	State-based demand
	Behavioral theories of choice
	Summary

	Delayed reward discounting
	Clinical Applications
	Conclusion
	References
	Figure 1
	Table 1

