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Abstract

Background and aims—Although increases in subjective alcohol craving have been observed 

following moderate doses of alcohol (e.g., priming effects), the effects of alcohol consumption on 

behavioral economic demand for alcohol are largely unstudied. This study examined the effects of 

alcohol intoxication on alcohol demand and craving.

Design—A between-subjects design in which participants were randomly assigned to either an 

alcohol (n = 31), placebo (n = 29) or control (n = 25) condition.

Setting—A laboratory setting at the University of Missouri, USA.

Participants—Eighty-five young adult moderate drinkers were recruited from the University of 

Missouri and surrounding community.

Measurements—Change in demand for alcohol across time was measured using three single 

items: alcohol consumption at no cost (i.e., intensity), maximum price paid for a single drink (i.e., 

breakpoint), and total amount spent on alcohol (i.e., Omax). Alcohol demand at baseline was also 

assessed using an alcohol purchase task (APT). Craving was assessed using a single visual analog 

scale item.

Findings—In the alcohol group compared with the combined non-alcohol groups, intensity, 

breakpoint, and craving increased from baseline to the ascending limb and decreased thereafter (ps 

< 0.05; Omax p = 0.06). Change in craving following alcohol consumption was significantly 

associated with change in each of the demand indices (ps < 0.0001). Finally, the demand single 

items were associated with corresponding indices from the APT (ps < 0.01).

Conclusions—Alcohol demand increases following intoxication, in terms of both the maximum 

amount people are willing to pay for one drink and the number of drinks people would consume if 

drinks were free. Behavioral economic measures of alcohol value can complement subjective 

craving as measures of moment-to-moment fluctuations in drinking motivation following 

intoxication.
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Introduction

Alcohol intoxication is widely known to increase the likelihood of a number of negative 

consequences, including excessive consumption. The notion that the consumption of alcohol 

can lead to a loss of control over continued use has a long history [1, 2], and difficulty 

controlling drinking once use is initiated is part of the diagnostic criteria for alcohol use 

disorder in the DSM-5 [3]. While the behavioral effects of alcohol—such as impaired 

inhibitory control [4]—are thought to contribute to continued drinking following 

intoxication, a growing body of research has also implicated cognitive and motivational 

factors [5]. Excessive drinking while intoxicated, therefore, may be partially explained by 

dynamic increases in motivation for alcohol.

One approach to measuring moment-to-moment fluctuations in alcohol motivation involves 

the assessment of subjective craving [6, 7]. Laboratory [8-11] and naturalistic studies [12] 

have demonstrated that moderate doses of alcohol can elicit greater craving and alcohol-

seeking behaviors, often referred to alcohol priming [13]. However, not all studies have 

reported significant increases in alcohol motivation following consumption [14-16]. These 

inconsistencies have largely been attributed to methodological differences across studies, 

particularly in the timing and number of assessments and the variability in methods used to 

measure subjective craving [7] .

Another approach to assessing alcohol motivation that has been shown to be related to 

subjective craving is behavioral economic demand, which refers to the quantitative 

relationship between consumption of a commodity and its cost [17]. Behavioral economics 

posits that excessive drinking stems from overvaluation of alcohol relative to other rewards, 

as indicated by increased demand [17, 18]. In the laboratory, demand is typically measured 

via self-report alcohol purchase tasks (APTs) that assess alcohol consumption at a range of 

prices [19]. Price-level consumption data is typically consolidated into one or more demand 

indices prior to data analysis. Common demand indices include intensity (i.e., consumption 

when drinks are free), breakpoint (i.e., price at which consumption is suppressed to zero), 

Omax (i.e., maximum expenditure on alcohol), Pmax (i.e., price associated with Omax), and 

elasticity (i.e., proportionate change in consumption with change in price, also referred to as 

price sensitivity) [19, 20]. These indices have been shown to be related to drinking quantity/

frequency, severity of dependence, and poor treatment outcomes [19, 21, 22]. Laboratory 

research has found that behavioral economic indices of alcohol value are increased 

following exposure to alcohol-related cues [23, 24] and negative mood inductions [25, 26]. 

Both of these manipulations commonly elicit increases in craving [27, 28].

Despite its potential as a measure of dynamic changes in alcohol motivation, the effects of 

alcohol consumption on behavioral economic demand have been largely unstudied. To our 

knowledge, only one prior study has reported acute alcohol effects on demand [29]. 

Following an intravenous alcohol administration (target BrAC = 0.06 g%), participants 
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reported greater breakpoint and Pmax price on an APT, but intensity and Omax were not 

affected by alcohol. This study was designed to examine the combined effects of naltrexone 

and polymorphisms of the μ-opioid receptor gene in Asian Americans and was not optimally 

designed to isolate acute alcohol effects. Nevertheless, this study provided preliminary 

evidence that demand may be dynamically altered following alcohol administration.

The absence of studies in this area may be due to the lack of assessments that are well-suited 

for examining dynamic changes in demand following alcohol consumption. With a few 

exceptions [23, 25, 30], APT assessments are typically framed in the context of a 

hypothetical drinking situation instead of the present moment. In addition, purchase tasks 

often assess consumption at twenty or more prices which may not be optimal in an alcohol 

administration context. One way to simplify these measures is to forgo price-level 

assessment and assess demand indices directly. For intensity, this involves essentially the 

same question as the free price item on an APT (e.g., the number of drinks consumed if they 

were free). Breakpoint and Omax are not explicitly assessed on APTs but are instead 

typically calculated based on responses across several prices. Nonetheless, these indices can 

be assessed by asking participants the highest price they would pay for a single drink 

(breakpoint) or the maximum total amount they would spend on alcohol (Omax). Calculating 

measures of price sensitivity (e.g., Pmax and elasticity) typically requires consumption 

values at multiple prices and, as such, these indices are not well-suited for a single item 

format. In sum, using a single item format has the potential to be a more efficient and less 

burdensome method of assessing certain aspects of alcohol demand.

The aims of the present study were twofold. First, we aimed to test whether behavioral 

economic demand, assessed using single items for intensity, breakpoint, and Omax, would 

display a priming effect similar to that of subjective craving following alcohol consumption. 

We assessed demand and craving at multiple time points following consumption of an 

alcohol, placebo, or control beverage in order to assess their change across the breath 

alcohol concentration (BrAC) curve. We hypothesized that demand and craving would 

increase following alcohol consumption and changes in alcohol demand and craving would 

be correlated over time. Second, we evaluated the strength of the relation between the 

demand single items and demand indices obtained from a full APT assessment. We 

predicted that higher demand on the single items would be significantly correlated with 

higher demand on the APT.

Method

Participants

Participants were recruited from the University of Missouri and the surrounding community. 

E-mail advertisements were sent via university listservs and fliers were posted on campus 

and at local businesses. Potential participants were screened via a telephone interview. 

Participants were required to be at least 21 years old and report consuming five or more 

drinks on one occasion in the preceding six months. Participants were excluded if they were 

pregnant/nursing, had a body mass index (BMI) greater than 30, were taking medication 

with which alcohol use is contraindicated, or reported a psychiatric, medical or substance 

use disorder. Ninety-two participants enrolled in the study. Seven participants were later 
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excluded: 2 participants became ill following alcohol administration, a participant in the 

placebo group failed the manipulation check, and 4 participants either failed to comply with 

pre-session instructions or misreported their eligibility at screening (e.g., BMI >30). The 

final sample (n = 85) was 52% female and 82% Caucasian, with a mean age of 22.94 years 

(SD = 3.41) (Table 1). Participants typically drank alcohol twice a week and consumed 3-4 

drinks per drinking day.

Measures

Demographics—Demographic information such as age, sex, race, and income was 

collected with a self-report questionnaire.

Alcohol use—Past-month quantity and frequency of alcohol use was assessed using the 

items from NIAAA Task Force on Recommended Alcohol Questions [31]. The Young 

Adult Alcohol Consequences Questionnaire (YAACQ) assessed consequences associated 

with alcohol use [32].

Alcohol purchase task—Participants completed a hypothetical APT [19] that asked 

participants how many standard-sized drinks of their preferred alcoholic beverage they 

would consume at 21 prices, ranging from free to $30 / drink. Participants were given 

standard instructions based on previous studies using APTs (e.g., assume a typical drinking 

situation, no opportunity for drinking elsewhere, no stockpiling drinks for later 

consumption) [19, 22]. The following observed indices of alcohol demand were generated: 

APT-intensity (consumption when drinks were free); APT-breakpoint (the first price at 

which consumption was suppressed to zero); and APT-Omax (maximum alcohol 

expenditure) [see 19, 24].

Alcohol demand single items—Real-time level of alcohol demand was assessed using 

three single items. These items correspond to the observed demand indices generated from a 

standard APT. Intensity was assessed by asking, “If drinks were free, how many drinks 

would you have right now?” with a response range of 0-14 drinks. Breakpoint was assessed 

by asking, “What is the maximum amount that you would pay for a single drink right now?” 

with a response range of $0-20. Omax was assessed by asking, “What is the maximum total 

amount that you would spend on drinking right now?” with a response range of $0-40. 

Response ranges on these items were based on values reported in prior studies using APTs 

in similar samples [e.g., 19, 24, 33].

Alcohol craving—Subjective craving for alcohol was assessed using a single 100-point 

visual analog scale (VAS) item, asking “How much do you want a drink right now?”

Breath alcohol concentration—Breath alcohol concentration was assessed using a 

FSTAlco-Sensor breathalyzer device (Intoximeters, Inc.; St. Louis, MO). Readings were 

collected at five minute intervals following beverage administration.
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Procedure

This study employed a double-blind, between-subjects design in which participants were 

randomly assigned to the alcohol (n = 31), placebo (n = 29) or control (n = 25) condition. 

Participants were asked to abstain from alcohol and drug use for 24 hours prior to their 

appointment and to refrain from eating for 60 minutes prior to the start of their session. 

Participants arrived at the lab at 10:00 AM, with beverage administration occurring at 

approximately 12:00 PM. Sessions were administered by two staff members. One staff 

member was blind to condition and interacted with the participant. A second staff member 

handled random assignment at the beginning of the session, prepared the beverages, and 

collected BrAC readings. Participants first provided informed consent and sobriety was 

verified (i.e., BrAC = 0.00 g%). Female participants were given a urine pregnancy test; no 

participants tested positive. Participants then completed computerized questionnaires, 

including the demographics and APT assessments. To control for gastric content, 

participants consumed a small meal (15% of recommended daily caloric intake based on sex 

and body size) 90 minutes prior to beverage administration.

Alcohol dose was calculated on an individual basis to produce a peak BrAC of 0.10 g% at 

approximately 60 minutes post-consumption [34]. Specific doses were approximately 0.85 

g/kg for males and 0.73 g/kg for females [34, 35]. The alcohol group expected to receive 

alcohol and consumed 190-proof pure grain alcohol mixed with orange juice in a 1:3 ratio. 

The placebo group expected to receive alcohol but consumed orange juice with 6 mL of 

190-proof alcohol floated on top. The control group did not expect to receive alcohol and 

consumed only orange juice. Volume of the placebo and control beverages was equivalent to 

the volume had the participant been assigned to the alcohol group. Beverages were divided 

equally into two glasses and participants consumed each glass in one minute, with a five 

minute break between glasses [36, 37]. The alcohol demand single items and alcohol craving 

were administered five times: baseline, immediately post-consumption, ascending BrAC 

(~0.06 g%), peak BrAC (~0.10 g%), and descending BrAC (~0.06 g%) [37]. Timing of 

assessments for the placebo and control groups was based on estimated rate of change in 

BrAC [e.g., 38]. Ascending, peak, and descending assessments were administered 

approximately 35 min (SD = 11), 77 min (SD = 14), and 193 min (SD = 41) after drinking 

began.

The placebo manipulation was verified by asking participants whether they believed they 

received alcohol and how many standard drinks they received. Participants were debriefed 

and informed of beverage group status. Participants in the alcohol group remained in the 

laboratory until their BrAC was below 0.04 g% [39]. Placebo and control participants were 

permitted to leave following the conclusion of the study. Participants were compensated 

$12/hour and were transported home via a prepaid taxi or friend. All procedures were 

approved by the University of Missouri Institutional Review Board.

Data Analysis

Multilevel growth models with responses to demand and craving items (level 1) nested 

within participants (level 2) were estimated in SAS 9.4 (SAS Institute Inc., Cary, NC) using 

PROC MIXED. The rationale for this approach was threefold: (1) multilevel models account 
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for the nesting of responses within participants; (2) multilevel models are robust to missing 

values in the data; and (3) multilevel models have been increasingly applied to alcohol 

administration data from complex within-subjects designs [e.g., 40]. Separate quadratic 

growth models, using unstructured working correlation matrices, were specified for each of 

the demand single items as well as craving. Time was dummy coded from baseline = 0 to 

descending limb = 4. As such, the intercept of each model is interpreted as demand and 

craving prior to consumption. Drinking quantity and YAACQ total score were entered into 

the models to control for drinking patterns and alcohol problems, respectively.

To examine the acute effects of alcohol on changes in alcohol demand, we entered both 

fixed main effects and cross-level interaction terms for condition (placebo = reference) with 

the time variable. There were no significant differences between the placebo and control 

beverage groups for the demand single items or craving (see Figure S1 and Table S1). 

Therefore, these groups were combined into a single no-alcohol group for all analyses. We 

then examined whether level of demand on the single items was associated with demand on 

the full APT. To do this, we included the different APT indices as time-invariant covariates 

in the model of their respective single item measure. Finally, we included craving as an 

additional time-varying covariate in the models to determine whether change in craving was 

associated with the change in each of the demand items.

Results

Descriptive Statistics

Computer error resulted in a small percentage of missing values for the alcohol demand 

single items (2.9% of all data points) and a larger percentage of missing values for alcohol 

craving (15.8% of all data points)1. For the alcohol group, the mean BrAC levels were 0.065 

g% (SD = 0.005), 0.093 g% (SD = 0.013), and 0.073 g% (SD = 0.011) for the ascending 

limb, peak, and descending limb assessments, respectively. Alcohol demand on the APT 

was prototypical, with consumption decreasing as drink prices increased and expenditure 

conforming to an inverted U-shape (Figure 1). Compared to the no-alcohol group, alcohol 

participants reported significantly higher APT-Omax (p < .05), but there were no group 

differences in APT-intensity or APT-breakpoint (Table 1).

Acute Alcohol Effects on Alcohol Demand

There were no statistically-significant differences between groups at baseline for any of the 

three demand items. Change in demand is depicted in Figure 1 and results of the multi-level 

models are presented in Table 2. For change in Intensity and Breakpoint over time, both the 

alcohol × linear slope and alcohol × quadratic slope terms were significant For Omax, only 

alcohol × quadratic slope was statistically significant. For the alcohol group, but not the no-

alcohol group, demand increased from post-consumption to ascending limb and then 

decreased from ascending limb to the descending limb.

1The high rate of missing values for craving resulted from a computer error, where a response at the minimum value was incorrectly 
coded as missing for some individuals. To examine the potential influence of this error, we ran all study analyses replacing missing 
craving values with the minimal response (i.e., 0). The pattern of results was unchanged.
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For all three indices, higher demand on the APT was associated with higher demand on the 

corresponding single items (ps < .01; Table 2). Each of the single items was also positively 

correlated with its corresponding APT index at each time point, with amount of shared 

variance differing considerably across indices (R2 = .04-.42) (Table S2). Finally, there were 

significant positive correlations among the single items at each of the five time points. The 

highest correlations were between Omax and breakpoint (rs .82-.86, ps < .001), followed by 

Omax and intensity (rs .52-.65, ps < .001), and comparatively smaller magnitude correlations 

between intensity and breakpoint (rs .36-.45, ps < .001).

Association between Alcohol Demand and Subjective Craving

Similar to the pattern observed for alcohol demand, craving in the alcohol group increased 

from post-consumption to the ascending limb and decreased thereafter (Figure 1D and Table 

2). When we included alcohol craving as a time-varying covariate in the models, change in 

craving was significantly associated with change in each demand index (Intensity: B = 0.03, 

SE = 0.01; β = .24; t = 6.44, p < .0001; Breakpoint: B = 0.03, SE = 0.01; β = .20; t = 5.76, p 

< .0001; Omax: B = 0.10, SE = 0.01; β = .27; t = 8.30, p < .0001). The single items were also 

positively correlated with craving at each time point, albeit at differing magnitudes (Table 

S2). The highest amount of shared variance was between intensity and craving (R2 = .06-.

23), followed by Omax and craving (R2 = .06-.15), with smaller shared variance for 

breakpoint and craving (R2 = .03-.07)

Discussion

Moderate doses of alcohol can elicit increases in subjective craving [8-13], but it is unclear 

whether these priming effects extend to other measures of alcohol motivation, such as 

alcohol demand. Consistent with Bujarski et al [29], alcohol increased the maximum amount 

that participants were willing to pay for a single drink (i.e., breakpoint). Alcohol also 

increased the number of drinks participants would consume if drinks were free (i.e., 

intensity). Thus, intoxication produced an upward shift in the amplitude of the alcohol 

demand curve at low prices and shifted the curve such that individuals would continue to 

drink at higher prices. Finally, level of demand on the three single items was significantly 

associated with demand on the full APT, and change in demand followed a similar time 

course as craving.

An advantage of behavioral economics is that it quantifies a construct such as alcohol 

motivation into externally-relevant metrics such as number of drinks and money spent [17]. 

By demonstrating that these demand indices are sensitive to alcohol priming effects, our 

results may allow for testing mechanisms by which alcohol-induced increases in subjective 

craving can influence drinking. For example, alcohol demand could represent an 

intermediate step between craving and consumption, such that dynamic increases in craving 

produce a corresponding increase in the relative value of alcohol that, in turn, influences 

drinking decisions. Further research is needed to clarify the relationship between 

fluctuations in craving, demand, and subsequent drinking behavior.

From a methodological standpoint, these results support the utility of using single items as 

valid measures of alcohol demand. In terms of external validity, we found that changes in 
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demand tracked changes in craving, which is consistent with studies using APTs [23-25]. 

Higher demand on the single items was also associated with greater demand on the APT, 

supporting the internal validity of the single items. Prior studies using APTs have found 

particularly high correlations between breakpoint and Omax [19, 22, 23, 25], which were 

similarly highly correlated in the present study. Given the high correlation between the Omax 

and breakpoint, it is possible that these items are measuring a common underlying aspect of 

alcohol value. A priority moving forward is to determine the extent to which the Omax and 

breakpoint items provide unique information about dynamic influences on demand. Another 

priority is to develop methods for estimating price sensitivity (e.g., elasticity and Pmax) 

using a small number of items, particularly since price sensitivity has been shown to be 

affected by alcohol [29].

This study provides some of the first data on alcohol effects on demand. These results 

require replication in samples with varying levels of alcohol use and misuse. Nonetheless, 

this study suggests a number of promising directions for future research. Considering the 

inconsistent relationship between priming effects and alcohol consumption [8-10], an 

important next step is to determine whether increases in demand predict actual drinking. 

Future studies utilizing alcohol self-administration paradigms may help clarify this 

relationship. Another important future direction is to adapt the single items to assess demand 

for other addictive substances, including tobacco [41, 42] and illicit drugs [42-44].

There are several limitations to the current study. The demand measures assessed self-

reported alcohol consumption. Although prior research has found close correspondence 

between hypothetical and actual-reward APTs [24], whether this relationship holds for the 

single items is unknown. While typical instructions were provided for the APT, only limited 

instructions were provided for the single items in order to keep the assessment as brief as 

possible. Participants were also not explicitly told to assume their current income when 

making choices. Future studies should examine the impact of different task instructions on 

the single items. The sample was drawn from one geographic location, and the majority of 

participants were young adults and Caucasian, which may limit generalizability. Participants 

were tested in a laboratory setting, rather than natural drinking environments. The brevity of 

the demand single items makes them particularly amenable to studies using an ecological 

momentary assessment framework, which would allow for the examination of fluctuations 

in alcohol motivation outside the laboratory [45-47]. Finally, the alcohol administration 

protocol included a relatively strong beverage, a short consumption period, and an unusual 

time of day for alcohol consumption. This protocol may not be representative of typical 

drinking patterns for social drinkers.

In summary, the present study extends the literature on alcohol priming effects by 

demonstrating that alcohol demand also increases following intoxication. These findings 

provide initial support for using a small number of self-report items to assess indices of 

alcohol demand when full APT assessments may not be feasible. More generally, this study 

contributes to the literature suggesting that behavioral economic measures of alcohol value 

can complement subjective craving as measures of moment-to-moment fluctuations in 

drinking motivation.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was partially supported by grants from the National Institute on Alcohol Abuse and Alcoholism (R01 
AA 019546 to Dr. Denis M. McCarthy and T32 AA 013526 to Dr. Kenneth J. Sher). The authors thank the research 
assistants of the University of Missouri Alcohol Cognitions Lab for contributions to data collection. The authors 
also thank Dr. James MacKillop and Ms. Cara Murphy for consultation concerning the demand single items.

References

1. Jellinek EM. Phases of alcohol addiction. Q J Stud Alcohol. 1952; 13:673–84. [PubMed: 13014274] 

2. Keller M. On the loss-of-control phenomenon in alcoholism. Br J Addict Alcohol Other Drugs. 
1972; 67:153–66. [PubMed: 4507256] 

3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Fifth 
Edition. American Psychiatric Publishing; Arlington: 2013. 

4. Fillmore MT. Drug abuse as a problem of impaired control: current approaches and findings. Behav 
Cogn Neurosci Rev. 2003; 2:179–97. [PubMed: 15006292] 

5. Field M, Wiers RW, Christiansen P, Fillmore MT, Verster JC. Acute alcohol effects on inhibitory 
control and implicit cognition: implications for loss of control over drinking. Alcohol Clin Exp Res. 
2010; 34:1346–52. [PubMed: 20491732] 

6. Drummond DC. What does cue-reactivity have to offer clinical research? Addiction. 2000; 95(Suppl 
2):S129–44. [PubMed: 11002908] 

7. de Wit H. Laboratory-based assessment of alcohol craving in social drinkers. Addiction. 2000; 
95(Suppl 2):S165–9. [PubMed: 11002911] 

8. Christiansen P, Rose AK, Cole JC, Field M. A comparison of the anticipated and pharmacological 
effects of alcohol on cognitive bias, executive function, craving and ad-lib drinking. J 
Psychopharmacol. 2013; 27:84–92. [PubMed: 22764182] 

9. Chutuape MA, de Wit H. Relationship between subjective effects and drug preferences: ethanol and 
diazepam. Drug Alcohol Depend. 1994; 34:243–51. [PubMed: 8033763] 

10. de Wit H, Chutuape MA. Increased ethanol choice in social drinkers following ethanol preload. 
Behavioural Pharmacology. 1993; 4:29–36. [PubMed: 11224168] 

11. Fernie G, Christiansen P, Cole JC, Rose AK, Field M. Effects of 0.4 g/kg alcohol on attentional 
bias and alcohol-seeking behaviour in heavy and moderate social drinkers. J Psychopharmacol. 
2012; 26:1017–25. [PubMed: 22279132] 

12. Schoenmakers TM, Wiers RW. Craving and attentional bias respond differently to alcohol 
priming: a field study in the pub. Eur Addict Res. 2010; 16:9–16. [PubMed: 19887804] 

13. de Wit H. Priming effects with drugs and other reinforcers. Experimental & Clinical 
Psychopharmacology. 1996; 4:5–10.

14. Adams S, Ataya AF, Attwood AS, Munafo MR. Effects of acute alcohol consumption on alcohol-
related cognitive biases in light and heavy drinkers are task-dependent. J Psychopharmacol. 2012; 
26:245–53. [PubMed: 21708838] 

15. Duka T, Townshend JM. The priming effect of alcohol pre-load on attentional bias to alcohol-
related stimuli. Psychopharmacology (Berl). 2004; 176:353–61. [PubMed: 15164158] 

16. Marlatt GA, Demming B, Reid JB. Loss of control drinking in alcoholics: an experimental 
analogue. J Abnorm Psychol. 1973; 81:233–41. [PubMed: 4710045] 

17. Vuchinich, RE.; Heather, N. Choice, Behavioural Economics and Addiction. Elsevier; Amsterdam: 
2003. 

18. Bickel W, Madden GJ, Petry NM. The price of change: The behavioral economics of drug 
dependence. Behavior Therapy. 1998; 29:545–565.

Amlung et al. Page 9

Addiction. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Murphy JG, MacKillop J. Relative reinforcing efficacy of alcohol among college student drinkers. 
Experimental & Clinical Psychopharmacology. 2006; 14:219–27. [PubMed: 16756426] 

20. Hursh SR, Silberberg A. Economic demand and essential value. Psychological Review. 2008; 
115:186–98. [PubMed: 18211190] 

21. MacKillop J, Murphy JG. A behavioral economic measure of demand for alcohol predicts brief 
intervention outcomes. Drug & Alcohol Dependence. 2007; 89:227–33. [PubMed: 17289297] 

22. MacKillop J, Miranda R Jr. Monti PM, et al. Alcohol demand, delayed reward discounting, and 
craving in relation to drinking and alcohol use disorders. Journal of Abnormal Psychology. 2010; 
119:106–14. [PubMed: 20141247] 

23. MacKillop J, O'Hagen S, Lisman SA, et al. Behavioral economic analysis of cue-elicited craving 
for alcohol. Addiction. 2010; 105:1599–607. [PubMed: 20626376] 

24. Amlung M, Acker J, Stojek M, Murphy JG, MacKillop J. Is talk 'cheap'? An initial investigation of 
the equivalence of alcohol purchase task performance for hypothetical and actual rewards. 
Alcoholism: Clinical and Experimental Research. 2012; 36:716–724.

25. Amlung M, MacKillop J. Understanding the effects of stress and alcohol cues on motivation for 
alcohol via behavioral economics. Alcohol Clin Exp Res. 2014; 38:1780–9. [PubMed: 24890323] 

26. Rousseau GS, Irons JG, Correia CJ. The reinforcing value of alcohol in a drinking to cope 
paradigm. Drug and Alcohol Dependence. 2011

27. Carter BL, Tiffany ST. Meta-analysis of cue-reactivity in addiction research. Addiction. 1999; 
94:327–40. [PubMed: 10605857] 

28. Thomas, SE.; Bacon, AK. Stress and affective inductions in addictions research. In: MacKillop, J.; 
de Wit, H., editors. The Wiley–Blackwell Handbook of Addiction Psychopharmacology. Wiley-
Blackwell; Oxford: 2013. p. 411-434.

29. Bujarski S, MacKillop J, Ray LA. Understanding naltrexone mechanism of action and 
pharmacogenetics in Asian Americans via behavioral economics: a preliminary study. Exp Clin 
Psychopharmacol. 2012; 20:181–90. [PubMed: 22429255] 

30. Amlung MT, Acker J, Stojek MK, Murphy JG, MacKillop J. Is talk “cheap”? An initial 
investigation of the equivalence of alcohol purchase task performance for hypothetical and actual 
rewards. Alcohol Clin Exp Res. 2012; 36:716–24. [PubMed: 22017303] 

31. NIAAA. Recommended Alcohol Questions. 2003

32. Read JP, Kahler CW, Strong DR, Colder CR. Development and preliminary validation of the 
young adult alcohol consequences questionnaire. J Stud Alcohol. 2006; 67:169–77. [PubMed: 
16536141] 

33. Murphy JG, MacKillop J, Skidmore JR, Pederson AA. Reliability and validity of a demand curve 
measure of alcohol reinforcement. Exp Clin Psychopharmacol. 2009; 17:396–404. [PubMed: 
19968404] 

34. Curtin JJ, Fairchild BA. Alcohol and cognitive control: implications for regulation of behavior 
during response conflict. J Abnorm Psychol. 2003; 112:424–36. [PubMed: 12943021] 

35. Watson, PE. Total body water and blood alcohol levels: Updating the fundamentals. In: Crow, K.; 
Batt, R., editors. Human Metabolism of Alcohol: Vol. 1. Pharmacokinetics, Medicolegal Aspects, 
and General Interest. CRC Press; Boca Raton, FL: 1989. p. 41-58.

36. Fillmore MT, Marczinski CA, Bowman AM. Acute tolerance to alcohol effects on inhibitory and 
activational mechanisms of behavioral control. J Stud Alcohol. 2005; 66:663–72. [PubMed: 
16331852] 

37. Amlung MT, Morris DH, McCarthy DM. Effects of acute alcohol tolerance on perceptions of 
danger and willingness to drive after drinking. Psychopharmacology (Berl). 2014

38. Watson PE, Watson ID, Batt RD. Prediction of blood alcohol concentrations in human subjects. 
Updating the Widmark Equation. J Stud Alcohol. 1981; 42:547–56. [PubMed: 7289599] 

39. NIAAA. National Advisory Council on Alcohol Abuse and Alcoholism - Recommended Council 
Guidelines on Ethyl Alcohol Administration in Human Experimentation. 2005

40. Leeman RF, Corbin WR, Fromme K. Craving Predicts Within Session Drinking Behavior 
Following Placebo. Pers Individ Dif. 2009; 46:693–698. [PubMed: 20161258] 

Amlung et al. Page 10

Addiction. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



41. MacKillop J, Murphy JG, Ray LA, et al. Further validation of a cigarette purchase task for 
assessing the relative reinforcing efficacy of nicotine in college smokers. Exp Clin 
Psychopharmacol. 2008; 16:57–65. [PubMed: 18266552] 

42. Jacobs EA, Bickel WK. Modeling drug consumption in the clinic using simulation procedures: 
demand for heroin and cigarettes in opioid-dependent outpatients. Experimental and Clinical 
Psychopharmacology. 1999; 7:412–26. [PubMed: 10609976] 

43. Collins RL, Vincent PC, Yu J, Liu L, Epstein LH. A behavioral economic approach to assessing 
demand for marijuana. Exp Clin Psychopharmacol. 2014; 22:211–21. [PubMed: 24467370] 

44. Goudie AJ, Sumnall HR, Field M, Clayton H, Cole JC. The effects of price and perceived quality 
on the behavioural economics of alcohol, amphetamine, cannabis, cocaine, and ecstasy purchases. 
Drug Alcohol Depend. 2007; 89:107–15. [PubMed: 17254719] 

45. Shiffman S. Ecological momentary assessment (EMA) in studies of substance use. Psychol Assess. 
2009; 21:486–97. [PubMed: 19947783] 

46. Collins RL, Kashdan TB, Gollnisch G. The feasibility of using cellular phones to collect ecological 
momentary assessment data: application to alcohol consumption. Exp Clin Psychopharmacol. 
2003; 11:73–8. [PubMed: 12622345] 

47. Litt MD, Cooney NL, Morse P. Reactivity to alcohol-related stimuli in the laboratory and in the 
field: predictors of craving in treated alcoholics. Addiction. 2000; 95:889–900. [PubMed: 
10946438] 

Amlung et al. Page 11

Addiction. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Demand and expenditure curves from the alcohol purchase task. Self-reported alcohol 

consumption (Panel A) and expenditure (Panel B) as a function of drink price for alcohol 

group (filled squares) and no alcohol group (unfilled squares). X-axis presented in 

logarithmic coordinates for proportionality. Data points reflect mean (+/− SE).
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Figure 2. 
Change in alcohol demand (Panels A-C) and subjective alcohol craving (Panel D) over time. 

Solid lines correspond to the alcohol group and dashed lines correspond to the combined no 

alcohol (placebo + control) group. Data points reflect mean and 95% confidence intervals. 

Note: BrAC = breath alcohol concentration.
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Table 1

Participant Characteristics by Beverage Group

Alcohol Group (n = 31) No-Alcohol Group (n = 54)

Age, M (SD) 22.90 (3.41) 22.65 (2.69)

Females 52% 52%

Caucasian 87% 80%

Income, Med. <$25,000 <$25,000

Drinking frequency, Med. 1× / week 2× / week

Drinking quantity, Med. 3-4 drinks 3-4 drinks

YAACQ Total, M (SD)
14.45 (7.30)

* 10.74 (7.64)

APT-Intensity, M (SD) 8.52 (4.79) 7.09 (3.31)

APT-Breakpoint, M (SD) $10.19 (3.90) $9.67 (4.47)

APT-Omax, M (SD)
$17.23 (10.53)

* $12.76 (5.50)

Note. APT = alcohol purchase task; YAACQ = Young Adult Alcohol Consequences Questionnaire; M = mean; Med. = median; SD = standard 
deviation.

*
Group difference significant at p < .05.
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Table 2

Results of Multilevel Growth Curve Models for Alcohol Demand and Craving

Variable B SE B β t p

Intensity

    Linear slope −0.03 0.18 −.01 −0.16 .87

    Quadratic slope 0.00 0.05 .00 −0.01 .99

    Alcohol (vs. no-alcohol) 0.14 0.61 .04 0.23 .82

    Alcohol × Linear slope 0.66 0.30 .19 2.17 .03

    Alcohol × Quadratic slope −0.26 0.09 −.08 −3.00 .003

    APT-Intensity 0.38 0.09 .45 4.42 <.001

Breakpoint

    Linear slope −0.17 0.14 −.05 −1.14 .26

    Quadratic slope 0.00 0.04 .00 −0.02 .98

    Alcohol (vs. no-alcohol) 0.83 0.69 .26 1.20 .23

    Alcohol × Linear slope 0.63 0.24 .20 2.64 .01

    Alcohol × Quadratic slope −0.19 0.06 −.06 −3.15 .002

    APT -Breakpoint 0.24 0.07 .33 3.55 <.001

Omax

    Linear slope −0.48 0.50 −.05 −0.97 .34

    Quadratic slope −0.01 0.11 .00 −0.08 .94

    Alcohol (vs. no-alcohol) 1.38 2.23 .15 0.62 .54

    Alcohol × Linear slope 1.58 0.82 .17 1.93 .06

    Alcohol × Quadratic slope −0.52 0.19 −.06 −2.74 .007

    APT -Omax 0.26 0.12 .22 2.16 .03

Craving

    Linear slope −2.16 2.69 −.09 −0.80 .43

    Quadratic slope 0.52 0.62 .02 0.83 .41

    Alcohol (vs. no-alcohol) 5.42 5.77 .32 0.94 .35

    Alcohol × Linear slope 9.57 4.32 .39 2.22 .03

    Alcohol × Quadratic slope −3.02 1.00 −.12 −3.03 .003

Note: APT = alcohol purchase task; No alcohol (placebo + control) group served as reference group for comparison with the alcohol group in all 
analyses. Models controlled for alcohol problems (YAACQ total score) and drinking quantity.
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