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Abstract
Individuals with cocaine use disorders are disproportionately affected by HIV/AIDS, partly

due to higher rates of unprotected sex. Recent research suggests delay discounting of con-

dom use is a factor in sexual HIV risk. Delay discounting is a behavioral economic concept

describing how delaying an event reduces that event’s value or impact on behavior. Proba-

bility discounting is a related concept describing how the uncertainty of an event decreases

its impact on behavior. Individuals with cocaine use disorders (n = 23) and matched non-co-

caine-using controls (n = 24) were compared in decision-making tasks involving hypotheti-

cal outcomes: delay discounting of condom-protected sex (Sexual Delay Discounting

Task), delay discounting of money, the effect of sexually transmitted infection (STI) risk on

likelihood of condom use (Sexual Probability Discounting Task), and probability discounting

of money. The Cocaine group discounted delayed condom-protected sex (i.e., were more

likely to have unprotected sex vs. wait for a condom) significantly more than controls in two

of four Sexual Delay Discounting Task partner conditions. The Cocaine group also dis-

counted delayed money (i.e., preferred smaller immediate amounts over larger delayed

amounts) significantly more than controls. In the Sexual Probability Discounting Task, both

groups showed sensitivity to STI risk, however the groups did not differ. The Cocaine group

did not consistently discount probabilistic money more or less than controls. Steeper dis-

counting of delayed, but not probabilistic, sexual outcomes may contribute to greater rates

of sexual HIV risk among individuals with cocaine use disorders. Probability discounting of

sexual outcomes may contribute to risk of unprotected sex in both groups. Correlations

showed sexual and monetary results were unrelated, for both delay and probability dis-

counting. The results highlight the importance of studying specific behavioral processes (e.

g., delay and probability discounting) with respect to specific outcomes (e.g., monetary and

sexual) to understand decision making in problematic behavior.
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Introduction
Approximately 1.5 million people in the U.S. have used cocaine within the past month [1].
HIV prevalence among individuals who use cocaine (4–22%) [2–6] is many times higher than
the national average (0.4%) [7]. Only about ten percent of individuals who use cocaine inject
[8–10], and HIV rates among injecting vs. non-injecting individuals who use cocaine are simi-
lar [2, 5, 11], suggesting that risky sexual behavior is the most prominent HIV transmission
vector among individuals who use cocaine.

Most sexual HIV risk reduction interventions for individuals who use cocaine target HIV
risk reduction knowledge (e.g., [12–14]) and condom use skills (e.g., [15]). Although these in-
terventions increase knowledge and skills, meta-analyses have demonstrated less robust effec-
tiveness in reducing risk behavior [16–17]. The observation that individuals who use cocaine
continue to engage in risky sexual behavior despite knowledge/skills improvements prompts
examination of other factors that may underlie risk behavior, including decision-making
processes.

Delay discounting provides a useful framework for examining relations between decision
making and risk behavior. Delay discounting is a concept from the field of behavioral econom-
ics describing how delaying an event reduces that event’s value or impact on behavior. This is
shown, for example, by the observation that individuals typically prefer immediate over de-
layed rewards. Most delay discounting studies ask participants to make choices between receiv-
ing smaller amounts of money available immediately vs. larger amounts available after various
delays. Steeper discounting of monetary rewards is related to cocaine use (e.g., [18–21]) and
use of other substances [22], as well as a variety of non-drug-related problem behaviors, includ-
ing pathological gambling [23–24], obesity [25–26], and failing to engage in preventive health
behaviors [27–29]. However, choices between immediate and delayed outcomes involve a vari-
ety of reinforcers other than money. For example, in a casual sex scenario, one may prefer to
use a condom because it decreases the risk of sexually transmitted infection (STI). However, if
a condom is not readily available, the same person might prefer immediate unprotected sex
over waiting to obtain a condom. In other words, the value of condom protection may be dis-
counted due to delay.

The Sexual Delay Discounting Task (previously referred to as the “Sexual Discounting
Task”) was developed to assess the influence of delay on choices related to condom use in casu-
al sex scenarios. Studies using the task in individuals with cocaine use disorders [30–31] re-
ported several findings. First, individuals with cocaine use disorders generally indicated that
they would be less likely to use condoms as the delay to condom availability increased. Second,
participants discounted condom-protected sex more steeply for partners with whom they most
vs. least wanted to have sex, and for partners they judged least vs. most likely to have an STI.
Third, steeper discounting of condom-protected sex was significantly associated with higher
rates of self-reported sexual HIV risk behavior. Fourth, the Sexual Delay Discounting Task
showed good 1-week test-retest reliability. Together, these findings suggest the Sexual Delay
Discounting Task has both external and internal validity among individuals with cocaine
use disorders.

Despite the reliability and validity of the Sexual Delay Discounting Task within individuals
with cocaine use disorders, there are no reports comparing delay discounting of condom-pro-
tected sex between individuals with cocaine use disorders and those who do not use cocaine. A
recent study using the Sexual Delay Discounting Task demonstrated that opioid-dependent
women discounted delayed condom-protected sex and monetary rewards more steeply than
non-drug-using control women, and that participants in both groups discounted in an orderly
manner that was sensitive to partner characteristics [32]. Moreover, a recent study in 18–24
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year old youth found increased delay discounting of condom-protected sex to be significantly
associated with greater self-reported drug use [33]. These findings suggest that steeper dis-
counting may be related to higher rates of sexual HIV risk in drug-using populations, but it is
unknown whether steeper discounting is related to the higher rates of sexual HIV risk behavior
observed specifically among individuals who use cocaine. It is worthwhile to examine the rela-
tionship between the discounting of sexual outcomes and cocaine use because individuals who
use cocaine have shown higher rates of sexual risk behavior [34] and greater delay discounting
of monetary rewards [35] than individuals who use heroin. The present study therefore com-
pared discounting of delayed sexual and monetary outcomes between individuals with cocaine
use disorders and matched non-cocaine-using controls.

Beyond delay, at least one additional factor that may influence condom use is the probability
of contracting an STI with unprotected sex. Indeed, one reason condoms are ever preferred is
likely because they decrease the probability of aversive outcomes (i.e., STIs or unwanted preg-
nancy). Therefore, we also compared probability discounting of sexual and monetary outcomes
between the two groups. With methods analogous to delay discounting, probability discount-
ing tasks systematically examine how uncertainty influences an event’s value or impact on be-
havior [36–37]. While delay and probability discounting are only weakly correlated, the two
processes have shown independent associations with clinically relevant behavior (i.e., gam-
bling) and show differential effects of experimental manipulations (i.e. reward magnitude
manipulations show directionally opposite effects on delay and probability discounting).
Therefore, delay and probability discounting likely represent separate behavioral processes
(e.g., [38–41]). With respect to the influence of probability on sexual outcomes, previous stud-
ies using the Sexual Delay Discounting Task showed that a partner’s perceived likelihood of
having an STI influenced delay discounting of condom use. However, these studies did not ex-
plicitly manipulate the probability of STI contraction. We developed the Sexual Probability
Discounting Task to quantitatively examine how specified risk of STI contraction resulting
from unprotected sex influences condom use. The reliably weak correlations observed in previ-
ous studies between delay and probability discounting of monetary rewards also prompted us
to examine correlations between discounting in the Sexual Delay and Sexual Probability
Discounting tasks.

Materials and Methods

Ethics Statement
Study procedures were approved by the Johns Hopkins Medicine Institutional Review Board 3
(Office for Human Research Protections Registration #00001656). The study was conducted
according to the principles expressed in the Declaration of Helsinki. Written informed consent
was obtained from the participants.

Participants
Volunteers were recruited using flyers, Internet, newspaper, and radio advertisements, and
word of mouth referral. Inclusion criteria for both the cocaine use disorder (Cocaine) and non-
cocaine-using (Control) groups included being at least 18 years of age, having at least an 8th

grade reading level, and reporting having vaginal or anal intercourse with another person dur-
ing their lifetime. Participants in the Cocaine group met Diagnostic and Statistical Manual of
Mental Disorders (4th edition, DSM-IV) criteria for cocaine abuse or dependence, whereas par-
ticipants in the Control group reported no lifetime use of cocaine. Participants in both groups
could meet criteria for abuse for drugs other than cocaine, but could not meet dependence cri-
teria for other drugs (excluding nicotine and caffeine). Exclusion criteria for both groups
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included self-reported serious head trauma, dementia, significant cognitive impairment, or di-
agnosis of major psychiatric disorder besides substance abuse/dependence.

Procedure
After an initial telephone screening assessing basic inclusion/exclusion criteria, initially quali-
fied participants were scheduled for an in-person screening. If qualified, participants remained
in the laboratory for approximately four hours to complete a variety of behavioral tasks. During
the in-person screening, participants provided informed consent and a urine sample to test for
drug use. Participants also completed a demographic questionnaire, a verbal intelligence as-
sessment (Quick Test) [42], a reading comprehension assessment (Wide Range Achievement
Test) [43], a lifetime drug use questionnaire, and a checklist to assess current and past drug
abuse and dependence [44]. Occurrence and frequency of HIV risk behaviors in the past
month were assessed using the HIV Risk-Taking Behavior Scale (HRBS) [45–46]. The HRBS is
a psychometrically reliable and valid questionnaire featuring 11 items scored on a 6-point scale
(scores of 0–5, with higher scores indicating higher risk) pertaining to injection drug use (6
items) and sexual risk behavior (5 items). Only scores on the sexual risk behavior subscale,
which assessed participants’ number of sexual partners in the past month, frequency of con-
dom use with regular and casual partners and when paid for sex, and frequency of anal sex,
were compared between groups. Several personality measures and behavioral tasks were also
obtained but are not relevant to the present analyses.

As in our previous sexual discounting studies [30–33], participants then used a computer to
view 60 individually-presented color photographs of diverse, clothed people (30 male, 30 fe-
male) and were asked to select photographs of individuals that they would consider having ca-
sual sex with based on physical appearance. The photographs were assembled from a variety of
publicly available online repositories to provide a range of physical appearances that would be
conducive to the multiple hypothetical partner conditions described below. Before viewing
photographs (and before subsequent sexual tasks), participants were instructed to pretend that
they were not in a committed relationship. Next, participants identified from the subset of ini-
tially selected photographs the person they (1) most wanted to have sex with, (2) least wanted
to have sex with, (3) judged was most likely to have an STI, and (4) judged was least likely to
have an STI. A single photograph could be assigned to multiple partner conditions, but not for
“most” and “least” categories within one dimension. Participants who selected fewer than two
photographs (n = 2 potential Control group participants) were disqualified from further partic-
ipation. Female participants who selected only photographs of females would have been dis-
qualified from further participation because the risk of HIV infection from female-female sex
is extremely low [47], although this criterion resulted in no exclusions for the current study.
Participants who were disqualified from further participation were compensated $30.

Qualified participants were then trained on using a visual analog scale. Next, they completed
the four discounting tasks described below, in addition to other decision-making tasks not rele-
vant to the present analyses. Monetary tasks were administered before sexual tasks, and delay
tasks were administered before probability tasks.

Sexual Delay Discounting Task. Delay discounting of condom-protected sex was assessed
using a computerized version of the Sexual Delay Discounting Task [32]. At the beginning of
each of the four partner conditions (presented in a pseudo-randomized order), the participant
was shown the relevant photograph and instructed to imagine the person was interested in hav-
ing sex now, that there was no chance of pregnancy, and that a condom was readily and imme-
diately available. The participant indicated his/her likelihood of using a condom by clicking on
a visual analog scale that ranged from “I will definitely have sex with this person without a
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condom” (0%) to “I will definitely have sex with this person with a condom” (100%). In subse-
quent trials, the participant was asked to rate his/her likelihood of waiting a given delay (as-
cending order; 1 hour, 3 hours, 6 hours, 1 day, 1 week, 1 month, and 3 months) to have sex
with a condom. The visual analog scales for these trials ranged from “I will definitely have sex
with this person now without a condom” (0%) to “I will definitely wait [delay] to have sex with
this person with a condom” (100%). In the event that a photograph was assigned to multiple
partner conditions, the participant completed the 8-trial series only once for that photograph.

Monetary Delay Discounting Task. Delay discounting of hypothetical money was as-
sessed using a computerized task used previously [19–20, 48–53]. Participants made choices
between smaller amounts of money delivered immediately vs. a larger amount ($100) delivered
after a delay. Unlike the Sexual Delay Discounting Task, which compared groups with respect
to decisions involving each of four hypothetical partners, for the Monetary Delay Discounting
only a single condition (i.e., reinforcer magnitude) was evaluated for group differences. Partici-
pants were instructed to treat choices as if the outcomes were real and that they should take
their financial circumstances into account when making their choices. Based on the pattern
of a participant’s choices, the task algorithm calculated an indifference point (i.e., a smaller
amount of money subjectively equivalent to delayed $100) at each of 7 delays: 1 day, 1 week,
1 month, 6 months, 1 year, 5 years, and 25 years (see [49] and [54] for a description of the algo-
rithm used to determine indifference points). Although some delays were common to both dis-
counting tasks (i.e., 1 day, 1 week, and 1 month), the standard range of delays typically assessed
in the Monetary Delay Discounting Task exceeded that of the Sexual Delay Discounting Task.
The order in which delays were assessed (ascending or descending) was randomly determined.

Sexual Probability Discounting Task. In this task, participants were asked to imagine in
each decision that having sex with a photographed individual was associated with a specified
risk of contracting an STI. We administered the task only for the “most want to have sex with”
and “least want to have sex with” partner conditions to avoid explicitly confounding our exper-
imental manipulation of risk with the perceived risk of partners. Presentation order was identi-
cal to that of the Sexual Delay Discounting Task. At the beginning of each partner condition, a
research assistant placed a printed copy of the relevant photograph (21.59 cm x 27.94 cm) on
the desk in front of the participant and reminded her or him to imagine the person was inter-
ested in having sex now, and that there was no chance of pregnancy. For the first trial, the re-
search assistant read text shown to the participant specifying that if he/she did not use a
condom, then there was a 1 in 1 (100%) chance of contracting an STI from the photographed
individual. A visual analog scale located below the prompt ranged from “I will definitely have
sex with this person without a condom” to “I will definitely have sex with this person with a
condom” for this and all other probability trials (see [55] for use of a visual analog scale to as-
sess probability discounting). No trials involved delays. In all trials, risk was described both as
odds in favor and percent chance of contracting an STI. Other risk values assessed (in descend-
ing order) were 1 in 3 (33%), 1 in 13 (8%), 1 in 100 (1%), 1 in 400 (0.25%), 1 in 700 (0.14%),
1 in 2,000 (0.05%), and 1 in 10,000 (0.01%).

Monetary Probability Discounting Task. Probability discounting of hypothetical money
($100) was assessed using a computerized task used in a previous study [52]. Choices were be-
tween smaller amounts of money delivered immediately with 100% certainty vs. a larger
amount ($100) delivered immediately, but with a specified probability of delivery. Indifference
points were obtained at each of 7 probabilities of receiving $100: 99%, 90%, 75%, 50%, 25%,
10%, and 1%. Hypothetical rewards instructions and the choice-adjustment algorithm were
identical to the Monetary Delay Discounting Task. The order in which probability values were
assessed (ascending or descending) was matched to the Monetary Delay Discounting Task for
each participant.
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HIV testing. Upon completion of all experimental tasks, a 3.5 cc blood specimen was col-
lected and sent to a commercial laboratory (Quest Diagnostics Incorporated, Baltimore, MD)
for HIV-1/HIV-2 antibody testing. Immediately after the blood draw, participants were dis-
charged and compensated $75 for study completion.

Evaluation of group characteristics. Group characteristics were compared using indepen-
dent-samples t-tests for continuous variables and Fisher’s exact tests for categorical variables.
Groups were matched (i.e., no significant or trend-level differences, ts[45]� 1.62, ps�. 11) on
the following characteristics: age, sex, race, ethnicity, marital status, educational attainment,
monthly income, Quick Test score, and cigarettes per day.

Orderliness of discounting data. Likelihood values from the sexual tasks were calculated
as a proportion of the total length of the visual analog scale and indifference points from the
monetary tasks were expressed as a proportion of $100. Nonsystematic discounting data were
identified according to criteria adapted from a previously established algorithm [56–57]. For
the sexual tasks, two criteria were used to identify nonsystematic data. First, starting with the
second delay value (1 hour) or probability value (33%), the likelihood of condom use at a given
delay or probability could not exceed the immediately preceding likelihood by more than 0.2.
Second, the likelihood of condom use at the longest delay (3 months) or smallest probability
(0.01%) could not exceed the likelihood when a condom was immediately available or the risk
of contracting an STI was 100% by more than 0.1. For the monetary tasks, the analogous two
criteria were applied as well as an additional criterion, which specified that the final indiffer-
ence point could not be greater than 0.9. Participants whose data violated one or more of the
aforementioned criteria in a condition were excluded in analyses of that condition.

Discounting data analysis. Groups were compared using extra sums-of-squares F tests
analyzing all individual participant data as previously described [20, 58] (GraphPad Prism ver-
sion 6.05 for Windows, GraphPad Software, La Jolla, CA). For delay tasks, these analyses re-
gressed proportion likelihood of condom use (sexual tasks) or indifference points (monetary
tasks) against delay (hours). For probability tasks, these measures were regressed against odds
against, which were calculated as (1/p)-1, wherein p is the probability in favor of an event’s oc-
currence [37]. Nonlinear regressions were performed using a two-parameter hyperbolic dis-
counting equation [59–61]: Proportion likelihood or indifference point = 1/(1+rX)s, wherein X
is the task-specific independent variable (i.e., either hours or odds against), r is a parameter
proportional to discounting rate, and s is a parameter describing the nonlinear scaling of the
dependent variable (monetary amount or likelihood of condom use) and delay or odds against.
The free parameters r and s were unconstrained in regression analyses. The F tests compared
the difference in nonlinear regression model error when free parameters were shared (i.e., one
curve best-fit to all discounting data collapsed across groups) vs. when free parameters were
unshared (i.e., a separate best-fit for each group). A significant p value indicates significantly
less error when model parameters are unshared, indicating that the groups differ.

In addition to analyzing raw group likelihood data from the Sexual Delay Discounting and
Sexual Probability Discounting tasks, we also compared 0-delay (and 100%-probability) likeli-
hood values, which were non-normally distributed, between Cocaine and Control groups using
Mann-Whitney U tests.

For the Sexual Delay Discounting Task we also isolated the effect of delay on likelihood of
waiting to use delayed condoms (i.e., discounting) from differences in preference for using im-
mediately available condoms (0-delay). Specifically, individual participant raw likelihood val-
ues for each condition were standardized by dividing each non-zero delay trial likelihood value
by its respective 0-delay trial value. In the event that a standardized likelihood value exceeded 1
(i.e., a non-zero delay trial likelihood exceeded its respective 0-delay trial value), the value was
replaced with a value of 1. Participants who reported zero likelihood of using an immediately
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available condom were excluded from standardized data analyses because the relative effect of
delay on reward value is undefined if the initial value is zero. An identical procedure was em-
ployed to standardize the Sexual Probability Discounting Task data with respect to 100%-prob-
ability trial data. Extra sums-of-squares F tests were used to compare standardized discounting
data between Cocaine and Control groups in each condition.

Correlations among all discounting measures (using standardized likelihood in the sexual
tasks) were conducted using an area-under-the-curve (AUC; [62]) metric. Spearman’s rank-
order correlations were calculated because AUC values were non-normally distributed. The
criterion for significance in all tests was p<. 05.

Results

Sample characteristics
Table 1 presents characteristics of the Cocaine (n = 23) and Control (n = 24) groups. There
were no significant differences between the groups with the exception of substance use, self-re-
ported sexual risk behavior, and HIV variables. All 23 participants in the Cocaine group met
criteria for cocaine abuse, and 20 participants also met criteria for cocaine dependence. Eigh-
teen participants (78%) reported inhalation (smoking) as their preferred route of cocaine
administration, and 4 (17%) and 1 (4%) participants preferred intranasal (snorting) and intra-
venous routes, respectively. Compared to the Control group, the Cocaine group reported sig-
nificantly greater alcohol and cannabis use (number of past-year users; days used per month),
and included significantly more participants meeting diagnostic abuse criteria for these two
drugs. There were no significant group differences in measures of opioid and cigarette use. Par-
ticipants in the Cocaine group also had significantly higher HRBS sexual risk subscale scores,
and had a greater proportion of HIV-positive participants, than the Control group. Five of
six Cocaine group participants with HIV knew they were HIV-positive prior to participating
in the study and completing discounting assessments. Excluding these five HIV-positive
participants did not alter whether 13 of 14 between-groups comparisons of discounting data
met significance or not (the exception being a significant between-group difference in the stan-
dardized analysis of the “least likely to have an STI” partner condition, one that was not signifi-
cant in the full sample). We therefore we report results from the full sample. In preparation for
the sexual discounting tasks, 13 men in the Control group and 11 men in the Cocaine group se-
lected exclusively female partners, while 7 women in the Control group and 10 women in the
Cocaine group selected exclusively male partners. One man in the Control group and 2 men in
the Cocaine group selected exclusively male partners, and 1 man in the Control group selected
both male and female partners. Two women in the Control group selected both male and
female partners.

Sexual discounting data from partner conditions in which female participants selected a fe-
male partner (n = 4; 1 partner condition for 1 participant and 3 partner conditions for 1 partici-
pant) were excluded prior to analysis because the risk of female-female HIV transmission via
sexual behavior is extremely low [47].

Orderliness of data
Across all four partner conditions of the Sexual Delay Discounting Task, 77% and 85% of dis-
counting functions were systematic for Cocaine and Control groups, respectively. Similarly,
87% (Cocaine) and 88% (Control) of Monetary Delay Discounting Task functions were
systematic.
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Table 1. Characteristics of Cocaine and Control groups.

Characteristic Cocaine (n = 23) Control (n = 24) Test statistic p value

Demographics

Age in years, mean (SD) 46.3 (10.9) 40.0 (15.3) t(45) = 1.62 .11

Sex, count (%)

Male 13 (57) 15 (63) - .77

Female 10 (43) 9 (38)

Race, count (%) a

African-American/black 14 (61) 17 (71) - .76

Caucasian/white 8 (35) 7 (29)

More than one race b 1 (4) 0 (0)

Marital status, count (%)

Non-married (single/separated/divorced/widowed) 20 (87) 21 (88) - 1.0

Married 3 (13) 3 (13)

Education, years, mean (SD) 13.1 (1.7) 13.8 (1.6) t(45) = 1.49 .14

Monthly income, US $, mean (SD) 1186 (826) 1369 (1222) t(45) = 0.59 .55

Quick Test intelligence score c 43.2 (3.4) 41.6 (4.1) t(45) = 1.44 .16

Substance use

Cocaine

Number reporting use in past year (%) 23 (100) -

Frequency of use, days/month, mean (SD) 16.0 (9.1) -

Number meeting DSM-IV criteria for current abuse (%) 23 (100) -

Number meeting DSM-IV criteria for current dependence (%) 20 (87) -

Alcohol

Number reporting use in past year (%) 22 (96) 17 (71) - .048

Frequency of use, days/month, mean (SD) 10.2 (10.4) 1.5 (3.3) t(45) = 3.90 <.0001

Number meeting DSM-IV criteria for current abuse (%) 7 (30) 1 (4) - .02

Cannabis

Number reporting use in past year (%) 16 (70) 6 (25) - <.01

Frequency of use, days/month, mean (SD) 5.2 (9.9) 2.0 (7.0) t(45) = 1.30 .20

Number meeting DSM-IV criteria for current abuse (%) 5 (22) 0 (0) - .02

Opioids

Number reporting use in past year (%) 6 (26) 2 (8) - .14

Frequency of use, days/month, mean (SD) 1.0 (3.2) 0.007 (0.02) t(45) = 1.53 .13

Number meeting DSM-IV criteria for current abuse (%) 1 (4) 0 (0) - .49

Cigarettes smoked per day, mean (SD) 6.9 (5.4) 4.3 (7.6) t(45) = 1.39 .17

Sexual risk behavior and HIV and HCV status

HRBS Sexual Risk Subscale Score, mean (SD) 9.5 (5.0) 4.0 (4.5) t(45) = 3.98 <.0001

HIV-positive, count (%) d 6 (26) 0 (0) - <.01

HCV-positive, count (%) e 2 (9) 0 (0) - .23

Note: Percentages may not add to 100 due to rounding error.
a All participants identified as Non-Hispanic.
b Race categories were evaluated as Caucasian/white vs. other to test distributions across Cocaine and Control groups.
c Max = 50; adult norms: M = 41.4, SD = 6.0 [42].
d Participants who tested positive were provided HIV counseling (including contact with follow-up care) by our nursing staff.
e Assessed via questionnaire during in-person screening interview.

doi:10.1371/journal.pone.0128641.t001
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Across both partner conditions of the Sexual Probability Discounting Task, 98% (Cocaine)
and 100% (Control) of discounting functions were systematic and 100% (Cocaine) and 96%
(Control) of Monetary Probability Discounting Task functions were systematic.

Excluding nonsystematic data and data that could not be standardized (because of a zero
initial likelihood of condom use) resulted in n that differed somewhat from analysis to analysis,
however, these exclusions did not alter whether any group difference reported in Table 1
reached significance or a trend toward significance.

Between-group comparisons of discounting data
Sexual Delay Discounting\. Reported likelihood of waiting to use a condom decreased as

a function of delay to condom availability in all four Sexual Delay Discounting Task partner
conditions for both groups. Significant group differences (i.e., lower likelihood of waiting to
use a condom among Cocaine participants than among Control participants) were observed in
two partner conditions: the “most want to have sex with” partner condition [Cocaine n = 19,
Control n = 19, F(2, 300) = 5.81, p<. 01], and the “least want to have sex with” partner condi-
tion [Cocaine n = 13, Control n = 20, F(2, 260) = 6.38, p<. 01].

Fig 1 (left column) shows best-fit curves to mean standardized likelihood of condom use in
Cocaine and Control groups within each partner condition of the Sexual Delay Discounting
Task. The right column of Fig 1 displays these same data, except with delay to condom avail-
ability expressed ordinally to facilitate visual inspection at short delays. When data were
standardized to isolate the effect of delay, participants in the Cocaine group discounted signifi-
cantly more steeply than those in the Control group in two of four partner conditions: the
“most want to have sex with” partner condition [Cocaine n = 14, Control n = 15, F(2, 228) =
5.51, p<. 01], and the “least want to have sex with” partner condition [Cocaine n = 13, Control
n = 19, F(2, 252) = 8.56, p<. 001]. Discounting did not differ significantly between Cocaine
and Control groups with the “most likely to have an STI” partner condition [Cocaine n = 18,
Control n = 19, F(2, 292) = 0.55, p =. 58], or the “least likely to have an STI” partner condition
[Cocaine n = 15, Control n = 16, F(2, 244) = 2.02, p =. 13]. No significant group differences in
likelihood of using an immediately available condom were observed (Us� 116.5, ps�. 25).

Monetary Delay Discounting. The top row of Fig 2 shows best-fit curves to delay dis-
counting data for hypothetical money (left graph; right graph shows data with delays expressed
ordinally). Cocaine participants (n = 20) discounted delayed $100 significantly more steeply
than Control participants [n = 21, F(2, 283) = 18.29, p<. 0001].

Sexual Probability Discounting. Reported likelihood of using an immediately available
condom decreased with increased odds against contracting an STI for both partner conditions
in both groups. However, no significant differences in discounting between Cocaine and
Control groups were detected in unstandardized likelihood of condom use in the Sexual Proba-
bility Discounting Task for either the “most want to have sex with” partner condition [Cocaine
n = 23, Control n = 24, F(2, 372) = 2.30, p =. 10] or for the “least want to have sex with” partner
condition [Cocaine n = 22, Control n = 23, F(2, 356) = 1.88, p =. 16].

Fig3 (left column) shows best-fit curves to mean standardized likelihood of condom use in
Cocaine and Control groups within each partner condition of the Sexual Probability Discount-
ing Task. The right column of Fig 3 displays these same data, except with odds against con-
tracting an STI expressed ordinally. Analyses of standardized data suggested a trend for those
in the Cocaine group to discount condom-protected sex less steeply as STI risk decreased for
the “most want to have sex with” partner [Cocaine n = 23, Control n = 24, F(2, 372) = 2.95, p =.
054], with no discounting difference for the “least want to have sex with” partner [Cocaine
n = 22, Control n = 23, F(2, 356) = 1.72, p =. 18]. The groups also did not differ statistically
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Fig 1. Best-fit curves to mean standardized likelihood of condom use in the Sexual Delay Discounting
Task. Left column: Best-fit curves to mean standardized likelihood of condom use (proportion of visual analog
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scale) in each of the Sexual Delay Discounting Task partner conditions in the Control and Cocaine groups.
Right column: Data from left column with delay to condom availability expressed ordinally on the x-axis. Error
bars represent ±SEM.

doi:10.1371/journal.pone.0128641.g001

Fig 2. Best-fit curves to mean indifference points frommonetary discounting tasks. Top row: Best-fit curves to mean indifference points (proportion of
$100) from the Monetary Delay Discounting Task (left graph; right graph shows data with delay expressed ordinally). Bottom row: Best-fit curves to mean
indifference points (proportion of $100) from the Monetary Probability Discounting Task (left graph; right graph shows data with odds against expressed
ordinally). Error bars represent ±SEM.

doi:10.1371/journal.pone.0128641.g002
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with respect to likelihood of condom use when the risk of contracting an STI was 100%
(Us� 226, ps�. 23).

Monetary Probability Discounting. The bottom row of Fig 2 shows best-fit curves to
probability discounting data for hypothetical money (left graph; right graph shows data with
odds against expressed ordinally). Cocaine (n = 23) and Control (n = 23) group participants
showed a significantly different pattern of discounting for a probabilistic $100 reward [F(2,
318) = 5.24, p<. 01]. However, the bottom right panel of Fig 2 shows that one group did not
consistently discount to a greater or lesser extent than the other group. At lower odds against

Fig 3. Best-fit curves tomean standardized likelihood of condom use in the Sexual Probability Discounting Task. Left column: Best-fit curves to mean
standardized likelihood of condom use (proportion of visual analog scale) in each of the Sexual Probability Discounting Task partner conditions in the Cocaine
and Control groups. Right column: Data from left column with odds against STI contraction expressed ordinally on the x-axis. Error bars represent ±SEM.

doi:10.1371/journal.pone.0128641.g003
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receiving $100 (i.e., 0.01, 0.11, 0.33, 1), mean indifference points for the Control group tended
to be higher than mean indifference points for the Cocaine group, whereas at higher odds
against receiving $100 (i.e., 9, 99), the Cocaine group tended to be higher than the Control
group.

Correlations Among Discounting Tasks
Table 2 shows Spearman rank correlations for sexual (using standardized likelihood) and mon-
etary discounting tasks. Upon elimination of nonsystematic discounting data sets and sexual
data sets showing zero likelihood of condom use under 0-delay or 100% probability of STI con-
ditions, n ranged from 22 to 46 across these correlations. Within the Sexual Delay Discounting
Task, discounting measures among partner conditions were positively and significantly corre-
lated in 4 of 6 instances. Similarly, within the Sexual Probability Discounting Task, discounting
between the two partner conditions was positively and significantly correlated. The Sexual
Delay Discounting Task and the Sexual Probability Discounting Task were significantly and
positively correlated in 7 of 8 partner conditions. Conversely, the Monetary Delay Discounting
Task and Monetary Probability Discounting Task were not significantly correlated. The Mone-
tary Delay Discounting Task was not significantly correlated with the Sexual Delay Discount-
ing Task for any of the 4 partner conditions. Similarly, the Monetary Probability Discounting
Task was not significantly correlated with either partner condition in the Sexual Probability
Discounting Task. Finally, although the Monetary Probability Discounting Task was signifi-
cantly and positively correlated with the Sexual Delay Discounting Task for 2 of the 4 partner
conditions, no significant relation was found between the Monetary Delay Discounting Task
and either partner condition in the Sexual Probability Discounting Task.

Table 2. Spearman rank correlationmatrices for sexual andmonetary discounting tasks.

Discounting Condition/Task 1 2 3 4 5 6 7

Sexual Delay Discounting Task

1.Most want to have sex with -

2.Least want to have sex with .26 -

(n = 22)

3.Most likely to have an STI .33 .57 -

(n = 25) (n = 29)

43Least likely to have an STI .62 .57 .48 -

(n = 25) (n = 25) (n = 26)

5.Monetary Delay Discounting Task -.10 .08 .16 .00 -

(n = 24) (n = 24) (n = 31) (n = 24)

Sexual Probability Discounting Task

6.Most want to have sex with .64 .46 .47 .60 .05 -

(n = 29) (n = 32) (n = 37) (n = 31) (n = 37)

7.Least want to have sex with .21 .55 .43 .60 -.01 .71 -

(n = 28) (n = 32) (n = 36) (n = 31) (n = 35) (n = 45)

8.Monetary Probability Discounting Task -.14 .38 .38 -.10 .18 .06 .02

(n = 29) (n = 32) (n = 37) (n = 31) (n = 36) (n = 46) (n = 44)

Note: Bolded text indicates significance (p <. 05).

doi:10.1371/journal.pone.0128641.t002
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Discussion
This study systematically examined discounting of delayed and probabilistic sexual and mone-
tary outcomes among individuals with cocaine use disorders and demographically-matched
controls. First, we found that individuals with cocaine use disorders discounted significantly
more steeply than controls in two of the four Sexual Delay Discounting Task partner condi-
tions, as well as in the Monetary Delay Discounting Task. Second, in the novel Sexual Probabil-
ity Discounting Task, both groups showed an orderly effect in which odds against contracting
an STI systematically decreased the likelihood of using an immediately available condom.
Third, no robust group differences in probability discounting of sexual outcomes or monetary
rewards were found. Finally, correlations showed sexual and monetary results were unrelated,
for both delay and probability discounting tasks. Each finding will be discussed in turn.

To date, no other study has examined whether individuals with cocaine use disorders dis-
count delayed condom-protected sex more than matched controls. After controlling for each
individual’s likelihood of condom use when no delay was involved, individuals with cocaine
use disorders discounted delayed condom-protected sex significantly steeper than controls in
two of four partner conditions. We suspect that the relatively high rates of reported condom
use in the “most likely to have an STI” partner condition were responsible for the inability to
detect group differences. Although likelihood of condom use was relatively lower in the “least
likely to have an STI” partner condition, a significant group difference was not obtained, per-
haps due in part to similar ratings of condom use likelihood between groups at delays shorter
than 1 day. There were no significant differences between individuals with cocaine use disor-
ders and controls in likelihood of using immediately available condoms in any of the four
Sexual Delay Discounting Task partner conditions, demonstrating that the between-group dif-
ferences in likelihood of using delayed condoms were truly driven by differential responses to
delay (i.e., delay discounting). Had this study examined only preferences about using immedi-
ately available condoms, an entire dimension of increased HIV risk behavior would have been
overlooked. This highlights the importance of delay discounting as a contributor to the high
rates of HIV risk behavior. For the Monetary Delay Discounting Task, the finding of steeper
discounting in individuals with cocaine use disorders replicates several previous findings [18–
21], contributing to overall confidence in our study findings.

In the novel Sexual Probability Discounting Task, decreased odds of contracting an STI sys-
tematically decreased the likelihood of using an immediately available condom in both groups,
suggesting that perceived STI risk has a lawful effect on condom use regardless of cocaine use
history. Probability discounting of sexual outcomes has been shown in college students using
tasks assessing choices between certain shorter durations vs. uncertain longer durations of sex-
ual activity [63–64] or choices between certain “less than ideal” and uncertain “ideal” sexual
outcomes, with idealness represented visually by line length [65]. These tasks assessed a theo-
retically important issue, the effects of uncertainty of a sexual act on its value, while our task as-
sessed the clinically-relevant effect of STI uncertainty on condom use. Orderly probability
effects in all three tasks speak to the robust effect of probability on sexual outcomes, regardless
of whether a probabilistic reward [63–65] or a probabilistic punishment (hypothetical STI con-
traction in the current study) is being assessed.

In contrast to the delay discounting results, no robust between-group differences in proba-
bility discounting of either sexual or monetary outcomes were observed. The only between-
group difference detected was in the shape of the monetary probability discounting function;
there was no reliable between-group difference across the range of different probabilities as-
sessed. A prior study showed no association between drug use and probability discounting of
sexual outcomes (although low drug use in the sample was a limitation [64]). Our comparisons
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between individuals with cocaine use disorders and matched controls regarding STI risk and
condom use further suggest no robust relations between drug use and probability discounting
of sexual outcomes. This conclusion is consistent with the larger literature on probability dis-
counting, which shows mixed results regarding relations between drug use and probability
discounting of monetary gains [66–72], and no apparent relation between drug use and proba-
bility discounting of monetary losses [69, 73]. Our findings therefore support the somewhat
paradoxical conclusion that behavioral processes underlying risk-taking may be unrelated to
drug use, and specifically cocaine use in the present study. Likewise, loss aversion (i.e., the ten-
dency to overweight losses relative to equivalent gains [74]), or negativity bias [75] may be sim-
ilarly unrelated to cocaine use disorders, given our observation that individuals with cocaine
use disorders did not differ from matched controls in terms of their sensitivity to STI contrac-
tion risk (i.e., a loss), but did differ significantly in their sensitivity to delayed condom-pro-
tected sex (i.e., a gain). Collectively, our differential findings between delay and probability
discounting highlight the importance of examining multiple behavioral processes in relation to
clinically relevant behavior, and suggests that, with respect to sexual outcomes, steeper delay
discounting of condom-protected sex, but not reduced sensitivity to STI probability, contrib-
utes to increased sexual HIV risk among individuals with cocaine use disorders.

Correlations showed sexual and monetary results were unrelated, for both delay and proba-
bility discounting. The sexual partner conditions were generally positively related within a sin-
gle type of sexual task (delay or probability). Moreover, delay and probability discounting in
the sexual tasks were generally positively related. These findings were in contrast to the lack of
significant association between delay and probability discounting of monetary rewards, and in
contrast to the lack of significant associations between the monetary and sexual results for ei-
ther delay or probability discounting. The nonsignificant correlation (in the positive direction)
between delay and probability discounting of money should be viewed in the context of mixed
evidence on this relationship, with studies typically showing correlations in the positive direc-
tion but varying from weak to strong in correlation strength, and varying between significance
and nonsignificance [40–41, 54, 76–77]. The predominantly nonsignificant correlations be-
tween discounting of delayed condom-protected sex and delayed money replicates previous
findings [30, 32]. One potential explanation for the relation between the delay and probability
sexual tasks is that choice behavior involving waiting for a delayed condom and avoidance of
STI contraction recruit related processes. This seems especially plausible given the risk of STI
contraction implicit in all sexual situations, including the “most/least want to have sex with”
partner conditions in the Sexual Delay Discounting Task.

With respect to probability discounting, it should be noted that, unlike the delay discount-
ing tasks, the probability tasks assess events of opposite valences, with the risk of contracting
an STI or receiving $100 representing a probabilistic loss (punishment) and gain (reward), re-
spectively. As a result of this difference, a general tendency toward risk-taking would be evi-
denced by steep discounting of STI risk and shallow discounting of the monetary reward (and
vice versa for risk-aversion), resulting in a negative correlation between these measures [78].
The fact that we did not observe significant negative correlations between these measures lends
some support to the conclusion that sexual outcomes are discounted uniquely relative to the
discounting of monetary outcomes.

These results add to growing evidence [30–32, 64, 79] showing domain specificity in dis-
counting results. In other words, discounting results differ depending upon the type of out-
come studied. Most human discounting studies have examined only money as the outcome,
with the implicit but questionable assumption that decision making for monetary outcomes is
indicative of decision making in clinically relevant domains such as substance use disorders.
Replicating previous findings with respect to opioid-dependent women [32], the present results
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suggest that delay discounting of condom-protected sex and delay discounting of money are
different processes, although individuals with cocaine use disorders discount both more steeply
than matched controls. Similarly, results suggest that probability discounting of STI contrac-
tion and probability discounting of money are different processes, but unlike with delay dis-
counting, these different probability discounting processes do not differ between individuals
with cocaine use disorders and matched controls who did not use cocaine.

One limitation is that despite matching participants demographically with respect to age,
sex, race, ethnicity, marital status, education, monthly income, intelligence test score, and ciga-
rettes per day, participants in the Cocaine group and the Control group differed on substance
use variables other than cocaine use. Specifically, participants in the Cocaine group showed sig-
nificantly higher rates of alcohol and cannabis use relative to participants in the Control group.
Moreover, participants in the Cocaine group showed significantly higher self-reported sexual
risk behavior and were significantly more likely to be HIV positive. We believe these differ-
ences are to be expected and indicate that we studied a representative sample of individuals
with cocaine use disorders [2–6; 18–21]. Indeed, the higher rates of sexual risk behavior and
HIV infection in the Cocaine group highlight the behavioral problems associated with cocaine
use disorders, which prompted the present study. Further, there is some evidence to suggest
that cocaine use may be a stronger predictor of discounting than alcohol and cannabis use. For
example, individuals with problematic cocaine use discount more steeply than those with prob-
lematic alcohol use [21], and the relationship between cannabis use and discounting is less ro-
bust than previous studies with other drugs [51]. Finally, differences in other drug use between
the Cocaine group and Control group are comparable to differences that may have been pres-
ent in previous studies examining discounting in individuals who use cocaine relative to a
matched control group [18–21].

An additional limitation is that the various discounting tasks involved hypothetical rather
than real outcomes. However, delay and probability discounting studies have generally shown
similar results when using real and hypothetical money ([20, 48–50, 80–86] but see [87–88]).
Moreover, the Sexual Delay Discounting Task has demonstrated reliability and relationships
with self-reported sexual risk [30–31, 33]. Another potential limitation is that discounting in
the sexual tasks may have been affected not only by delay or probability, but also by the effort
associated with condom use, whereas this was not the case in the monetary tasks. Although a
potential effort-related confound could have contributed to the lack of significant correlations
between the task types, attempts to control for this variable could jeopardize the external validi-
ty of the sexual tasks. Moreover, it is unlikely that effort influenced group differences in the
Sexual Delay Discounting Task, because the Sexual Probability Discounting Task also involves
the same potential effort-related confound, yet did not show robust group differences. Another
shortcoming was our relatively small sample size. However, the orderliness of the data and the
detection of between-groups differences suggest the sample was sufficient to detect meaningful
results. Finally, although the present findings suggest an association with cocaine use disorders,
the etiology of increased sexual HIV risk still remains unclear. To examine the potential contri-
bution of cocaine pharmacology on sexual risk behavior, future research should examine the
effects of acute cocaine administration on the Sexual Delay Discounting Task and the Sexual
Probability Discounting Task in individuals who use cocaine.

The translational nature of this research contributes a novel perspective to the prevention of
HIV sexual risk behavior among individuals with and without cocaine use disorders. Both
delay and probability discounting may serve a diagnostic role, identifying individuals who are
at risk for HIV or STI contraction (or transmission to others, as highlighted by the non-trivial
percentage of our sample that was HIV-positive). Among individuals who exhibit high rates of
sexual risk behavior and steeply discount delayed condom-protected sex, behavioral treatment
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strategies aimed at reinforcing condom carrying or training delay tolerance may reduce the
likelihood of HIV and other STI transmission. Among individuals who exhibit high rates of
sexual risk behavior and steeply discount the possibility of uncertain STI contraction, training
that increases the perceived likelihood that partners may have an STI may also decrease HIV
and other STI transmission. The present translational research on basic behavioral processes
using clinically relevant decisions may therefore be leveraged to improve public health.
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