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Abstract

Background—Research on delay discounting has expanded our understanding of substance 

dependence in many ways. Recently, orderly discounting of sexual rewards has been demonstrated 

in both substance-dependent individuals, and healthy controls. Less clear, however, is if rates of 

sexual discounting are higher than controls in alcohol-dependent-individuals.

Methods—20 Alcohol-dependent individuals and 21 healthy control participants completed two 

delay-discounting tasks. One task involved monetary rewards, whereas the other involved the 

discounting of sexual rewards (i.e., number of sex acts).

Results—Alcohol dependent individuals discounted sexual rewards at significantly higher rates 

than did controls. There was a trend towards, but not a similarly significant relation for the 

discounting of monetary rewards.

Conclusions—Rates of sexual discounting are elevated in alcohol dependent individuals. If this 

relation is replicated in other at risk populations, the rapid devaluation of sexual rewards may be a 

behavioral marker of impulsive sexual choices.
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1. INTRODUCTION

Choices are affected by the delay to the receipt of each alternative (i.e., rewards). This 

impact is often so pronounced that we would rather accept a smaller reward now than wait 

for a larger delayed reward. Research on this phenomenon, called delay discounting, has 

robustly contributed to our understanding of behavioral disorders such as substance abuse/

dependence (see Bickel et al., 2012b, for a review). For example, alcohol-dependent 

individuals discount delayed money at higher rates than non-dependent controls. Moreover, 

alcohol-dependent individuals discount alcohol at higher rates than money (Petry, 2001). 

This rapid devaluation of delayed alcohol may explain these individuals’ seemingly 

impulsive alcohol-oriented behavior (Bickel and Marsch, 2001).

Alcohol-dependent individuals also make seemingly impulsive choices regarding sex. These 

choices include alcohol abusers riskier partner choice (Cooper, 2002), heavy drinkers’ 

heightened propensity to have multiple sexual partners (Graves, 1995; Wechsler et al., 

1994), and alcohol-dependent individuals’ low rates of condom use, multiple sex partners, 

and tendency to trade sex for drugs or money (Scheidt and Windle, 1995). Moreover, delay 

discounting rates predict teens’ sexual behavior (Chesson et al., 2006), and college students 

discount delayed sexual stimuli (Lawyer, 2008). Thus, akin to their high rates of discounting 

of alcohol (Petry, 2001), alcohol-dependent individuals may discount delayed sex at high 

rates.

Research on sexual discounting may provide a laboratory-based marker for these dangerous 

behaviors. For example, Johnson and Bruner (2011) examined the discounting of delayed 

safe sex, relative to immediate unprotected sex. After sixty cocaine-dependent participants 

selected pictures of individuals they would have sex with, participants indicated their 

likelihood of waiting for a condom to have sex with 1) the person they most wanted to have 

sex with, 2) the person they least wanted to have sex with, 3) the participant they felt was 

most likely to have an STI, and 4) the individual they felt was least likely to have an STI. 

Individuals’ ability to wait for a condom decreased as the delays increased, but this decrease 

was quickest for the individual they most wanted to have sex with (relative to the individual 

they wanted least), and for the individual least likely to have an STI (relative to most likely 

to have an STI).

Although research on sexual discounting has demonstrated that both substance-dependent 

individuals (Johnson and Bruner, 2011) and controls (Lawyer, 2008; Lawyer et al., 2010) 

exhibit orderly patterns of discounting, whether the rates of discounting are comparable 

across populations remains unclear. Given the wide range of impulsive sexual behavior 

linked to alcohol abuse/dependence, higher rates of sexual discounting may occur in alcohol-

dependent individuals. The relative rates of sexual discounting in substance-dependent 

individuals and healthy controls, however, are currently unknown. The present study 

examined the discounting of sexual rewards (i.e., the number of sex acts) in alcohol-

dependent individuals and healthy controls.
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2. METHODS

2.1 Participants

These data were from a larger study on alcohol dependence. Exclusion criteria included 

dependence on other drugs (excluding marijuana and nicotine), unmanaged psychological 

diagnosis, medical illness, or age less than 18 years old. Participants were recruited though 

flyers posted at local businesses (separate flyers for alcohol dependent individuals and 

controls). Delay-discounting data from 20 individuals meeting DSM-IV (American 

Psychiatric Association, 2000) criteria for alcohol dependence and 21 individuals with no 

history of alcohol dependence were examined. Basic demographic data, including Ammon’s 

Quick test (Ammons and Ammons, 1962), a well validated measure of intelligence, were 

collected (see Table 1 for demographic details).

2.2 Procedure

Delay-discounting conditions were presented using a computer program (Johnson and 

Bickel, 2002) prior to any other study procedures. Both conditions used hypothetical 

amounts of money or hypothetical amounts of sex. Prior to starting the discounting 

procedure, participants were asked to estimate how many sexual encounters would be worth 

$1,000 to them. The question was presented as follows:

I want you to imagine that you have the opportunity to have sex with your ideal 

sexual partner. Think about who that person would be. It could be someone you 

know, someone famous, or a fictional character. Write that person’s name on a 

sheet of paper for your reference throughout the following tasks. No one other than 

you will see this paper, and staff will destroy the paper after this assessment.

For the following scenario, I want you to imagine that you have a choice of 

receiving some money and engaging in a series of sexual encounters with your 

ideal sexual partner that you have written on the sheet of paper. In the following 

question, fill in the number of sexual encounters that would make the two choices 

equally attractive to you.

Receiving $1,000 right now would be just as attractive as engaging in 

___________________ sexual encounters.

For delay-discounting conditions that included sex, the number of sex acts equivalent to 

$1000 was entered into the discounting program. Because the program rounded the number 

of sex acts to the nearest whole number, a value of 8 sex acts was entered for individuals 

with equivalences lower than 8 (n=21) to assure that the participants were presented 

meaningful choices. Participants completed two delay-discounting conditions in a 

counterbalanced order.

Each discounting task presented a series of choices between an immediately available 

amount of a commodity and a larger amount of the commodity available after a delay. Trials 

were presented in a format identical to previous studies of discounting money versus drugs 

(Madden et al., 1999). The initial amount offered for the immediate option was 50% of the 

delayed amount. For example, if a subject indicated that 8 sexual encounters were worth 
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$1000, the sexual discounting condition would present a choice between 4 immediate sexual 

encounters and 8 delayed sexual encounters. The lowest number of sex acts presented as the 

immediate option was 1 and the highest was 1 lower than the equivalence. For conditions 

with money, the immediate value was initially set at $500 and the delayed value was fixed at 

$1000.

The discounting tasks used an adjusting amount paradigm (Du et al., 2002). When the 

participants chose one of the two options, the immediate amount offered in the next trial was 

adjusted by +/− 50% of the current offer. If the participant chose the immediate amount, the 

immediate amount decreased by 50%; if s/he chose the delayed amount, the immediate 

amount increased by 50%. Participants chose between immediate and delayed amounts six 

times for each of the seven delays (1 day, 1 week, 1 month, 6 months, 1 year, 5 years, and 25 

years). The sixth choice for each delay was used as the estimated indifference point, or the 

value at which the participant would be indifferent between the immediate and delayed 

options. The indifference points for each delayed commodity ranged between 0.8% and 

100.08% of the undiscounted amount, describing those who always chose the immediate to 

those who always chose the delayed option, respectively.

2.3 Data Analysis

Using Mazur’s (1987) hyperbolic model (Equation 1),

which describes the rate (k) that a particular amount (A) of a reward is discounted by the 

passage of time (D), we estimated k with nonlinear regression of the seven indifference 

points, V. These k values were then log transformed to normalize the distribution. Data 

analysis was conducted on the resulting normal distribution of ln(k) values. From each 

regression we also obtained the root mean square error (RMSE), an estimate of the average 

difference between the model and each of the obtained data points, presented in the same 

units as the dependent variable (0–1 for proportions).

The RMSE and ln(k) values were analyzed using a 2 × 2 repeated measures ANOVAs with 

group (alcohol dependent vs. control) being a between-subject factor and delay discounting 

condition (monetary vs. sexual) being a within-subject factor. Subsequent pairwise 

comparisons were conducted using the Holm-Sidak method.

3. RESULTS

The RMSE’s were low to moderate across all conditions (M = 0.199; SD = 0.084) 

suggesting that the hyperbolic model sufficiently described the data. A repeated measures 

ANOVA of the RMSEs found that there was not a significant difference in fit across groups 

(F[1,39] = 0.511, p=0.479), but the fits were poorer during the sexual discounting 

task(F[1,39]=8.576, p=0.006). Repeated measures ANOVA revealed main effects of group 

(F[1,39] = 7.23, p = 0.010) and discounting condition (F[1,39] = 32.35, p<.001) on ln[k], but 

no significant interaction between these factors.
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Figure 1 (top panel) shows that discounting rates were higher in the sexual relative to 

monetary condition (t[40] = 5.687, p<0.001). Sexual discounting rates were higher in 

alcohol-dependent individuals, relative to controls (t[39]= 2.204, p=0.031). Although the 

monetary discounting rates were higher in alcohol-dependent individuals, relative to 

controls, this difference was not statistically significant (t[39]= 1.965, p=0.053). The bottom 

panels show fits of equation 1 to the median indifference points for alcohol dependent (left) 

and control (right) participants. Discounting rates were generally higher for the alcohol 

dependent group, and the model fits (RMSE) were better for the monetary discounting.

4. DISCUSSION

This study was the first to demonstrate higher-than-control sexual discounting rates in 

substance-dependent individuals. These elevated sexual discounting rates in alcohol-

dependent may provide a laboratory marker for the seemingly impulsive sexual behavior 

seen in this population (Leigh and Stall, 1993; Scheidt and Windle, 1995). This laboratory-

measured process may generalize to the sexual impulsivity exhibited by alcohol-dependent 

individuals. Specifically, with delayed safe sex failing to retain its value, immediate 

unprotected sex may be particularly appealing (Johnson and Bruner, 2011), leading to 

elevated rates of impulsive sexual behavior. Future research should examine relations 

between sexual discounting and sexual practices.

Unlike previous studies (Bjork et al., 2004; Claus et al., 2011; Mitchell et al., 2005; Petry, 

2001), however, monetary discounting rates trended towards but were not significantly 

higher in alcohol-dependent individuals relative to controls. Although this relation may have 

been significant with larger samples, the lack of statistical significance is consistent with 

Bickel et al.’s (2012a) recent finding (n= 796) that the relation between alcohol use and 

discounting rate is secondary to smoking status (also see MacKillop et al., 2007).

Although equating sex and money may be difficult, the current sexual discounting procedure 

was a logical extension of the procedures used to assess the discounting of drugs (Madden et 

al., 1997; Petry, 2001), health (Odum et al., 2002), and freedom (Petry, 2003). This 

procedure, however, differed from Lawyer et al.’s (2010) manipulation of the duration of the 

sexual encounter, and Johnson and Bruner’s (2011) procedure which assumed that casual 

sex with a condom would be more rewarding than casual sex without a condom. Moreover, 

the current study examined discounting in alcohol-dependent individuals whereas Johnson 

and Bruner examined sexual discounting in cocaine-dependent individuals, and Lawyer et al. 

examined discounting in healthy college students. The consistent and orderly data obtained 

across these differing procedures and populations suggests the generality of this process.

Limitations to the task highlight the robustness of the relation revealed in the present study. 

For instance, for participants with equivalences of 8 (n=21), two choices drove indifference 

points to their lowest level. When this happened at short delays, high discounting rates were 

obtained. This procedural detail may preempt the procedure’s ability to discriminate 

between populations with tendencies to discount at high rates (e.g., opioid users who do 

versus do not share needles; Odum et al. 2000). Because of this limitation, only a robust 

difference in sexual discounting between groups could be observed in the current study.

Jarmolowicz et al. Page 5

Drug Alcohol Depend. Author manuscript; available in PMC 2017 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Definitive conclusions from these data, however, may require additional studies addressing 

the limitations of the present work. For example, future studies should provide data on time 

horizon to determine if time horizon interacted with responding. Also, akin to the 

discounting of drugs, the current findings await replication across other populations prone to 

seemingly impulsive sexual behavior such as cocaine-dependent individuals. Additionally, 

the link between these laboratory assessments and sexual behavior in naturalistic settings 

remains underdeveloped. Moreover, there is no data to demonstrate that our alcohol 

dependent sample engaged in high levels of impulsive sexual behavior. Thus, this work is 

but a preliminary step towards understanding seemingly impulsive sexual behavior. Once the 

mechanisms are understood, important work ameliorating these response patterns in afflicted 

populations can begin.

Acknowledgments

The authors would like to thank E. Terry Mueller for his help with study design, and Laura Hatz and Anne E. Carter 
for their help with data collection.

Role of the funding source: Nothing declared

References

American Psychiatric Association. Diagnostic and statistical manual of mental disorders, fourth 
edition, text revision (DSM-IV-TR). American Psychiatric Publishing, Inc; Arlington, VA: 2000. 

Ammons RB, Ammons CH. The quick test (QT): provisional manual. Psychological Reports, 
Monograph Supplement I-IVII, 1962. 1962; 11:111–161.

Baker F, Johnson MW, Bickel WK. Delay discounting in current and never-before cigarette smokers: 
Similarities and differences across commodity, sign, and magnitude. J Abnorm Psychol. 2003; 
112:382–392. [PubMed: 12943017] 

Bickel WK, Jarmolowicz DP, Mueller ET, Franck CT, Carrin C, Gatchalian KM. Altruism in time: 
social temporal discounting differentiates smokers from problem drinkers. Psychopharmacol (Berl). 
2012a; 224:109–120.

Bickel WK, Jarmolowicz DP, Mueller ET, Gatchalian KM. The behavioral economics and 
neuroeconomics of reinforcer pathologies: Implications for etiology and treatment of addiction. 
Curr Psychiatry Rep. 2011a; 13:406–415. [PubMed: 21732213] 

Bickel WK, Jarmolowicz DP, Mueller ET, Koffarnus MN, Gatchalian KM. Excessive discounting of 
delayed reinforcers as a trans-disease process contributing to addiction and other disease-related 
vulnerabilities: emerging evidence. Pharmacol Ther. 2012b; 134:287–297. [PubMed: 22387232] 

Bickel WK, Landes RD, Christensen DR, Jackson L, Jones BA, Kurth-Nelson Z, Redish AD. Single- 
and cross-commodity discounting among cocaine addicts: The commodity and its temporal location 
determine discounting rate. Psychopharmacology (Berl). 2011b; 217:177–187. [PubMed: 
21487658] 

Bickel WK, Marsch LA. Toward a behavioral economic understanding of drug dependence: Delay 
discounting processes. Addiction. 2001; 96:73–86. [PubMed: 11177521] 

Bickel WK, Mueller ET. Toward the study of trans-disease processes: A novel approach with special 
reference to the study of co-morbidity. Journal of Dual Diagnosis. 2009; 5:131–138. [PubMed: 
20182654] 

Bickel WK, Odum AL, Madden GJ. Impulsivity and cigarette smoking: Delay discounting in current, 
never, and ex-smokers. Psychopharmacology (Berl). 1999; 146:447–454. [PubMed: 10550495] 

Bjork JM, Hommer DW, Grant SJ, Danube C. Impulsivity in abstinent alcohol-dependent patients: 
Relation to control subjects and type 1-/type 2 like traits. Alcohol. 2004; 34:133–150. [PubMed: 
15902907] 

Jarmolowicz et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2017 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Chesson HW, Leichliter JS, Zimet GD, Rosenthal SL, Bernstein DI, Fife KH. Discount rates and risky 
sexual behavior among teenagers and young adults. Journal of Risk and Uncertainty. 2006; 
32:217–230.

Claus E, Kiehl KA, Hutchison K. Neural and Behavioral Mechanisms of Impulsive Choice in Alcohol 
Use Disorder. Alcoholism: Clinical and Experimental Research. 2011; 35

Cooper ML. Alcohol use and risky sexual behavior among college students and youth: evaluating the 
evidence. J Stud Alcohol Suppl. 2002:101–117. [PubMed: 12022716] 

Du W, Green L, Myerson J. Cross-cultural comparisons of discounting delayed and probabilistic 
rewards. The Psychological Record. 2002; 52:479–492.

Graves KL. Risky sexual behavior and alcohol use among young adults: results from a national survey. 
American journal of health promotion: AJHP. 1995; 10:27–36. [PubMed: 10155656] 

Heil SH, Johnson MW, Higgins ST, Bickel WK. Delay discounting in currently using and currently 
abstinent cocaine-dependent outpatients and non-drug-using matched controls. Addict Behav. 
2006; 31:1290–1294. [PubMed: 16236455] 

Johnson MW, Bickel WK. Within-subject comparison of real and hypothetical money rewards in delay 
discounting. J Exp Anal Behav. 2002; 77:129–146. [PubMed: 11936247] 

Johnson MW, Bickel WK, Baker F. Moderate drug use and delay discounting: A comparison of heavy, 
light, and never smokers. Exp Clin Psychopharmacol. 2007; 15:187–194. [PubMed: 17469942] 

Johnson MW, Bruner NR. The Sexual Discounting Task: HIV risk behavior and the discounting of 
delayed sexual rewards in cocaine dependence. Drug Alcohol Depend. 2011; 123:15–21. 
[PubMed: 22055012] 

Jones BA, Landes RD, Yi R, Bickel WK. Temporal horizon: Modulation by smoking status and 
gender. Drug Alcohol Depend. 2009; 104S:S87–S93.

Kirby KN, Petry NM, Bickel WK. Heroin addicts have higher discount rates for delayed rewards than 
non-drug-using controls. J Exp Psychol Gen. 1999; 128:78–87. [PubMed: 10100392] 

Lawyer SR. Probability and delay discounting of erotic stimuli. Behav Processes. 2008; 79:36–42. 
[PubMed: 18556145] 

Lawyer SR, Williams SA, Prihodova T, Rollins JD, Lester AC. Probability and delay discounting of 
hypothetical sexual outcomes. Behav Processes. 2010; 84:687–692. [PubMed: 20385215] 

Leigh BC, Stall R. Substance use and risky sexual behavior for exposure to HIV. Issues in 
methodology, interpretation, and prevention. The American Psychologist. 1993; 48:1035–1045. 
[PubMed: 8256876] 

MacKillop J, Mattson RE, Anderson Mackillop EJ, Castelda BA, Donovick PJ. Multidimensional 
assessment of impulsivity in undergraduate hazardous drinkers and controls. J Stud Alcohol Drugs. 
2007; 68:785–788. [PubMed: 17960295] 

Madden GJ, Bickel WK, Jacobs EA. Discounting of delayed rewards in opioid-dependent outpatients: 
Exponential or hyperbolic discounting functions? Exp Clin Psychopharmacol. 1999; 7:284–293. 
[PubMed: 10472517] 

Madden GJ, Petry NM, Badger GJ, Bickel WK. Impulsive and self-control choices in opioid-
dependent patients and non-drug-using control participants: Drug and monetary rewards. Exp Clin 
Psychopharmacol. 1997; 5:256–262. [PubMed: 9260073] 

Mazur, JE. An adjusting procedure for studying delayed reinforcement. In: Commons, ML.Mazur, 
JE.Nevin, JA., Rachlin, H., editors. Quantitative analysis of behavior. Erlbaum; Hillsdale, NJ: 
1987. p. 55-73.

Meade CS, Lowen SB, Maclean RR, Key MD, Lukas SE. fMRI brain activation during a delay 
discounting task in HIV-positive adults with and without cocaine dependence. Psychiatry Res. 
2011; 192:167–175. [PubMed: 21546221] 

Melanko S, Leraas K, Collins C, Fields S, Reynolds B. Characteristics of psychopathy in adolescent 
nonsmokers and smokers: Relations to delay discounting and self reported impulsivity. Exp Clin 
Psychopharmacol. 2009; 17:258–265. [PubMed: 19653791] 

Mitchell JM, Fields HL, D’Esposito M, Boettiger CA. Impulsive responding in alcoholics. 
Alcoholism: Clinical and Experimental Research. 2005; 29:2158–2169.

Odum AL, Baumann AA. Cigarette smokers show steeper discounting of both food and cigarettes than 
money. Drug Alcohol Depend. 2007; 91:293–296. [PubMed: 17720334] 

Jarmolowicz et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2017 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Odum AL, Madden GJ, Badger GJ, Bickel WK. Needle sharing in opioid-dependent outpatients: 
Psychological processes underlying risk. Drug Alcohol Depend. 2000; 60:259–266. [PubMed: 
11053760] 

Odum AL, Madden GJ, Bickel WK. Discounting of delayed health gains and losses by current, never-
and ex-smokers of cigarettes. Nicotine Tob Res. 2002; 4:295–303. [PubMed: 12215238] 

Petry NM. Delay discounting of money and alcohol in actively using alcoholics, currently abstinent 
alcoholics, and controls. Psychopharmacology (Berl). 2001; 154:243–250. [PubMed: 11351931] 

Petry NM. Discounting of money, health, and freedom in substance abusers and controls. Drug 
Alcohol Depend. 2003; 71:133–141. [PubMed: 12927651] 

Reynolds B, Richards JB, Horn K, Karraker K. Delay discounting and probability discounting as 
related to cigarette smoking status in adults. Behav Processes. 2004; 30:35–42.

Scheidt DM, Windle M. The alcoholics in treatment HIV risk (ATRISK) study: gender, ethnic and 
geographic group comparisons. J Stud Alcohol. 1995; 56:300–308. [PubMed: 7623469] 

Wechsler H, Davenport A, Dowdall G, Moeykens B, Castillo S. Health and behavioral consequences 
of binge drinking in college. A national survey of students at 140 campuses. JAMA. 1994; 
272:1672–1677. [PubMed: 7966895] 

Wing VC, Moss TG, Rabin RA, George TP. Effects of cigarette smoking status on delay discounting in 
schizophrenia and healthy controls. Addict Behav. 2012; 37:67–72. [PubMed: 21963152] 

Jarmolowicz et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2017 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Top panel shows mean discounting rates (ln[k]; y-axis) for money and for sex (x-axis) in 

alcohol-dependent individuals (closed circles) and healthy control participants (open 

circles). Higher ln(k) values indicate higher rates of discounting. Error bars show one 

standard error of the mean. Bottom panels show model fit to the median indifference points 

for sexual discounting (closed diamonds) and monetary discounting (open diamonds) in 

alcohol dependent (left) and control (right) participants.
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Table 1

Demographic characteristics of study participants.

Alcohol Dependent Healthy Control t[df] p

Subjects 20 21 −0.25[39] 0.80

 male 15 15

 female 5 6

Non-white 4 5 0.29 [39] 0.78

Age in years (SD) 37.95 (14.98) 38.65 (10.68) 0.31 [39] 0.76

Median sex acts = $1000 (IQR) 10 (8,12) 8 (8,8) −1.49[38] 0.14

Quick test (SD) 38.95 (5.73) 39.05 (6.01) −0.08[39] 0.94

Years Ed (SD) 13.5 (1.72) 13.80 (2.55) 0.31 [39] 0.76

Income in USD (SD) 741 ($729) $990 ($1,204) 0.73 [39] 0.47
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