
 

 

 

 

Distribution Agreement 

 

In presenting this thesis or dissertation as a partial fulfillment of the requirements for an 

advanced degree from Emory University, I hereby grant to Emory University and its 

agents the non-exclusive license to archive, make accessible, and display my thesis or 

dissertation in whole or in part in all forms of media, now or hereafter known, including 

display on the world wide web.  I understand that I may select some access restrictions as 

part of the online submission of this thesis or dissertation.  I retain all ownership rights to 

the copyright of the thesis or dissertation.  I also retain the right to use in future works 

(such as articles or books) all or part of this thesis or dissertation. 

 

 

 

 

 

 

Signature: 

 

_____________________________   ______________ 

Jeb Jones     Date 

  



 

 

What’s Impulsivity Got to Do with It? Exploring the Association Between Delay 

Discounting and Risky Sexual Behavior in Men Who Have Sex with Men 

 

By 

 
Jeb Jones 

Doctor of Philosophy 

Epidemiology 

 

 

_________________________________________  
Patrick S. Sullivan, DVM, PhD 

Advisor 

 

 

_________________________________________  
Jodie Guest, PhD, MPH 

Committee Member 

 

 

_________________________________________  
Samuel Jenness, PhD 

Committee Member 

 

 

_________________________________________  
Michael Kramer, PhD 

Committee Member 

 

 

_________________________________________  
Jessica Sales, PhD 

Committee Member 

 

 

Accepted: 

 

_________________________________________ 

Lisa A. Tedesco, PhD 

Dean of the James T. Laney School of Graduate Studies 

 

___________________ 

Date 
 

  



 

 

 

 

 

What’s Impulsivity Got to Do with It? Exploring the Association Between Delay 

Discounting and Risky Sexual Behavior in Men Who Have Sex with Men 

 

 

 

By 

 

 

 
Jeb Jones 

MPH, Emory University, 2012 

MS, University of Florida, 2009 

BS, Georgia Institute of Technology, 2005 

 

 

 

Advisor: Patrick S. Sullivan, DVM, PhD 

 

 

 

 

 

 

 

 

An abstract of  

A dissertation submitted to the Faculty of the  

James T. Laney School of Graduate Studies of Emory University 

in partial fulfillment of the requirements for the degree of  
Doctor of Philosophy 

in Epidemiology 

2016 

  



Abstract 

 

What’s Impulsivity Got to Do with It? Exploring the Association Between Delay 

Discounting and Risky Sexual Behavior in Men Who Have Sex with Men 

 

By Jeb Jones 

 

Men who have sex with men (MSM) experience the highest number of new diagnoses of 

human immunodeficiency virus (HIV) each year in the United States despite comprising 

approximately 2% of the population. Additional interventions are needed to increase 

condom use to reduce HIV transmission in this key group. Delay discounting is a 

measure of impulsivity that might be related to sexual risk-taking. Delay discounting has 

the potential to serve as an indicator of risk and as a target for behavioral HIV risk-

reduction interventions. We conducted three studies to illustrate the possible role of delay 

discounting in HIV risk among MSM.  

 

In the first study, we examined the association between monetary and sexual discounting 

in an online sample of MSM in the United States. Monetary discounting suffers from less 

social desirability bias compared to measures of sexual delay discounting and, therefore, 

might provide a more reliable proxy measure of sexual risk. Among 1,012 MSM we did 

not observe an association between sexual and monetary discounting. 

 

In the second study, we used the same online sample of MSM to examine the association 

between sexual and monetary discounting and condomless anal intercourse (CAI) in the 

past 12 months. We did not observe an association between monetary discounting and 

CAI; however, we did observe a robust association between sexual discounting and CAI. 

This suggests that men who discount condom-protected sex are more likely to engage in 

sex without a condom and that monetary discounting would not be a good proxy measure 

for sexual risk-taking. 

 

In the third study, we used an agent-based model to estimate the potential impact of a 

delay-discounting intervention on population-level incidence of HIV. Depending on the 

assumptions that were used in the model, we show that 4-14% of infections could be 

averted over a ten-year period. 

 

These findings suggest that sexual, but not monetary, delay discounting is associated with 

sexual risk-taking among MSM and that an intervention targeting delay discounting 

could result in meaningful decreases in HIV incidence. Future cohort studies should 

assess the longitudinal relationship between delay discounting and CAI and explore 

strategies for discounting-based risk-reduction interventions. 
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Chapter 1: Background and Significance 

Epidemiology of HIV 

Men who have sex with men are disproportionately affected by HIV in the United 

States. The HIV epidemic continues to be a major cause of morbidity and mortality 

worldwide, with an estimated 2 million new infections globally each year1. Although 

patterns of incidence vary globally, in the United States HIV has had a disparate impact 

on men who have sex with men (MSM) since the beginning of the epidemic. In 2010, 

MSM accounted for 63% of all new infections in the US2, even though MSM are 

estimated to comprise less than 2% of the population of the US.3 The disparity in rates of 

HIV infection is even greater among young MSM aged 13-29 years, specifically young 

MSM of color: from 2006-2009 there was a 47% increase in HIV diagnoses among 

young, black MSM compared to a 18% increase among young, white MSM.4 Overall, the 

rate of HIV diagnosis among black MSM was 6.0 times higher than white MSM in 

2008.3  

Behavioral HIV Prevention Interventions 

There is increasing recognition that HIV prevention interventions will be most 

effective when used in combination.5-8 HIV prevention interventions include behavioral 

interventions targeting reductions in risk behavior, biomedical interventions aimed at 

reducing exposure to HIV or the likelihood of seroconversion in the event of exposure, 

and structural interventions designed to change the context in which individuals make 

behavioral and healthcare decisions.  

Behavioral interventions have not been sufficiently effective in ending the 

transmission of HIV among MSM. To date, behavioral interventions have been modestly 
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efficacious in reducing the frequency of condomless anal intercourse (CAI)9, but not in 

reducing HIV incidence.6 In addition to the lack of effectiveness of available behavioral 

interventions, the number of available interventions targeted to MSM is not proportional 

to the burden of disease experienced by this group. The Centers for Disease Control and 

Prevention (CDC) maintains a list of behavioral HIV prevention interventions that have 

been deemed to be effective. As of 2016, a total of 93 effective behavioral interventions 

(EBIs) are disseminated or supported by CDC. Of these, 13 (14%) are targeted toward 

MSM and only 4 (4%) are individual-level interventions for MSM.10 Most of the 

interventions available have been validated in racially homogenous groups; thus, it is 

unclear to what degree the observed effectiveness of each intervention will generalize to 

other racial subgroups.  

Overall, there is a dearth of behavioral HIV prevention interventions available to 

reduce HIV sexual risk-taking among MSM. This can also cause problems with regard to 

programmatic funding to implement HIV prevention interventions. In order to obtain 

funding for program implementation from the US CDC, HIV prevention organizations 

are required to use interventions that have been deemed effective11. If these interventions 

do not exist then this poses a clear challenge to funding HIV prevention for MSM. 

Biomedical HIV prevention interventions have also been developed, but behavioral 

interventions will continue to be necessary in order to reduce sexual risk-taking to reduce 

the spread of HIV and other sexually transmitted infections. 

Biomedical HIV Prevention Interventions 

Biomedical HIV prevention is accomplished through primary prevention among 

HIV-uninfected individuals and secondary prevention via treatment of HIV-infected 
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individuals. Treatment-as-prevention (TasP) is a prevention strategy that involves 

initiating treatment for HIV-infected individuals in order to reduce their viral load and the 

probability of HIV transmission to an HIV-uninfected partner. TasP has been shown to be 

up to 96% effective12; however, most of the evidence for TasP has been accumulated in 

studies of heterosexual couples. It is unclear how effective TasP is in MSM.13  

Pre-exposure prophylaxis (PrEP) is another promising biomedical prevention 

intervention. PrEP involves administering antiretroviral medication that is used to treat 

HIV to HIV-uninfected individuals before exposure in order to prevent infection in the 

event of HIV exposure. PrEP has been shown to confer strong protection against HIV 

infection with strict adherence.14 However, PrEP will be most effective as a public health 

strategy when targeted to the highest risk individuals.15 Tools are needed to facilitate such 

targeting.  

Methods for Targeting HIV Prevention Interventions 

Risk scores have been developed over the past decade to identify individuals at 

highest risk of HIV for the purposes of targeting HIV prevention interventions such as 

increased HIV testing and PrEP: the HIV Incidence Risk Index for MSM (HIRI-MSM)16, 

the Menza score17, and the San Diego Early Test Score (SDET)18. However, each of these 

risk scores has deficiencies that prevent them from performing adequately in the current 

epidemic.  

HIRI-MSM was developed using data from a vaccine trial, VAXGEN 00419,20, 

and a randomized-controlled trial of a behavioral HIV prevention intervention, Project 

EXPLORE.21 The study populations for each of these trials was overwhelmingly white. 

In VAXGEN 004, 86% of the men were non-Hispanic white; only 4% were non-Hispanic 
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black. In Project EXPLORE, 73% were non-Hispanic white and only 7% were non-

Hispanic black. Thus, the group that is currently the most disproportionately affected by 

HIV is drastically underrepresented in each of these study populations.  

The Menza score was developed using data from STD Clinics operated by the 

Seattle-King County Public Health Department. This population was 77% non-Hispanic 

white. All remaining racial/ethnic groups were reported in aggregate, so it is unclear what 

proportion were non-Hispanic black. The Menza score was validated using the same 

Project EXPLORE data that was used for HIRI-MSM. 

The SDET score was developed using data collected as part of a study 

investigating acute HIV infection. The available cohort was dichotomized into a 

derivation and validation cohort. The overall study population was 67% non-Hispanic 

white; only 6% were non-Hispanic black.  

The underrepresentation of black men in the study populations used to derive and 

validate the available risk scores calls into question the utility of these scores to identify 

black MSM at high risk of HIV. In fact, when tested in the Involve[men]t cohort, a cohort 

of non-Hispanic black and white MSM in Atlanta, Georgia, each score had low 

sensitivity to predict later seroconversion among black MSM. The sensitivity of HIRI-

MSM, Menza, and SDET to predict seroconversion over the two-year follow-up period 

was 63%, 63%, and 25% respectively. However, the scores performed better among 

white compared to black MSM. HIRI-MSM had 75% sensitivity for white men compared 

to 58% for black men, Menza had 88% sensitivity for white men compared to 54% for 

black men, and SDET had 50% sensitivity for white men compared to 17% sensitivity for 

black men.22  
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The low sensitivity to predict seroconversion among black MSM for each of these 

scores indicates that different scores and criteria are needed and that additional inputs 

might help to increase the sensitivity of the scores. Improved tools are needed to aid in 

the efficient allocation of HIV prevention intervention resources. To be economically 

sustainable and to have the greatest impact, HIV prevention interventions should be 

delivered to those individuals or groups that are at greatest risk of acquiring and/or 

transmitting HIV.  

Delay Discounting 

Outside of the setting of HIV preventions, delay discounting has been shown to be 

associated with a number of behaviors related to impulsive decision-making and might be 

a useful tool to help identify individuals at highest risk of HIV. Delay discounting is a 

measure of impulsivity describing an individual’s tendency to select smaller rewards 

available immediately or at a short delay over larger rewards available after a longer 

delay. The decay in value of a delayed reward has been shown to be hyperbolic in nature, 

reflecting a tendency for individuals to shift preferences from the larger later reward to 

the smaller sooner reward as the delay to the latter decreases23. The hyperbolic form of 

the discounting function is described by Equation 1 

(1)  𝑉 =  
𝐴

1+𝑘𝐷
 

where V is present value, A is an amount of money, D is the delay until that money is 

available, and k is a free parameter that is estimated and describes a given individual’s 

monetary discount rate.23 Assessments are available to derive an individual’s k value. 

Based on Equation 1, larger values of k result in greater reductions in the present value of 

delayed rewards, indicating steeper delay discounting (Figure 1.1). 
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Figure 1.1. Differences in delayed value of $1000 for different values of the monetary 

delay discounting parameter k. 

 
Measuring Monetary Delay Discounting 

Delay discounting is most commonly measured with respect to monetary 

outcomes. In a monetary delay discounting task, an individual is presented with a series 

of dichotomous choices between a certain amount of money available immediately or at a 

short delay versus a larger amount of money available at a longer delay. In the classic 

procedure, the delays and monetary amounts are varied until an indifference point is 

determined.24 The indifference point specifies the present subjective value of money 

available in the future. For instance, an individual might be indifferent between receiving 

$10 today versus $11 one week from today. This titrating procedure can be time 

consuming, sometimes requiring hundreds of individual choice trials.24 A shorter 

monetary delay discounting assessment, the Monetary Choice Questionnaire (MCQ) has 

been developed.25 The MCQ is a 27-item questionnaire that can be used to assign an 

individual’s discount rate (k). The MCQ can be completed much faster than a traditional 
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monetary delay discounting task and correlates well with the results obtained from those 

tasks.26  

Delay Discounting and Health Outcomes 

In a delay discounting framework, the choice to use a drug rather than abstain is 

viewed as an impulsive choice of a smaller sooner reward over the larger later reward of 

better health, sustained employment, and more rewarding interpersonal relationships. 

Delay discounting has been found to be associated with abuse of various substances 

including alcohol27,28, cocaine29, heroin25,30,31, methamphetamine32, and nicotine.33-38 That 

is, individuals who discount money more steeply are also more likely to be substance 

abusers. Substance users have also been found to discount their substance of choice more 

steeply than money.28,31 Heroin users who are willing to share needles discount money 

more steeply than those who are not willing to share needles.31 

Cigarette smokers39 and heroin and cocaine abusers40 have been found to discount 

delayed health outcomes at higher rates than non-substance using controls. In these 

studies, long-term illnesses to be experienced in the future were discounted more by 

substance users than by non-users. For example, a 10-year long extended illness 

beginning one year from now was equivalent to a 5 year illness starting immediately for 

smokers. For non-smokers the same 10-year illness to begin in the future was the same as 

an 8.5 year long illness starting now.39 This indicates that the severity of the future 

disease was discounted among smokers, indicating that it might have less control over 

current behavior. 

Delay discounting has also been found to be associated with eating behaviors and 

obesity41, and individuals more focused on immediate consequences tend to make less 
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healthy food choices compared to individuals focused on delayed consequences.42 For 

example, monetary delay discounting has been shown to be positively correlated with 

high body mass index (BMI). However, the reported Spearman correlation coefficient is 

0.30, which, although statistically significant, indicates that there is a large amount of 

variation unaccounted for.41  

Although most studies investigating delay discounting with respect to health 

behaviors have been cross-sectional, longitudinal studies have demonstrated that 

discounting of delayed rewards is predictive of future health-related behavior. 

Adolescents who discount delayed rewards more steeply than their peers are more likely 

to initiate cigarette smoking.33 Delay discounting is predictive of treatment effectiveness 

for some health behaviors: individuals who discount delayed rewards more steeply are 

more likely to relapse sooner.43-46 This has been shown in adolescents45 and adults who 

smoke and drink44 who participated in smoking cessation interventions. Delay 

discounting also predicts postpartum smoking among women who stopped smoking 

while pregnant.46 In a laboratory model, individuals with higher monetary discount rates 

were more likely to smoke during an abstinence reinforcement procedure.35 

Measuring Sexual Delay Discounting 

Under the delay discounting paradigm, delay discounting might be expected to be 

associated with risky sexual behavior. For instance, the choice to have sex without a 

condom when one is not available can be conceptualized as a smaller sooner reward 

compared to the choice to wait until a condom is available and have the larger later 

reward of potential sexually transmitted disease avoidance. A Sexual Discounting Task 

(SDT) has been developed47 in which participants choose between sex with a partner 
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immediately without a condom or at various delays with a condom. To complete the 

SDT, participants view an array of images of potential sexual partners and are asked to 

identify the ones they find sexually attractive. The SDT typically includes images of men 

and women; however, in the current studies only images of men were used. Next, of the 

selected images, participants identify the men they would most and least like to have sex 

with and the men they believe are most and least likely to have a sexually transmitted 

infection (STI). For each of the selected men, participants use a visual analog scale to 

indicate their preference between immediate sex without a condom and sex with a 

condom at seven different delays (1 hour, 3 hours, 6 hours, 1 day, 1 week, 1 month, and 3 

months). A no-delay condition, in which the choice is between immediate sex with a 

condom and immediate sex without a condom, is used in order to control for individual 

differences in condom use preferences. 

Using the SDT, sexual discounting has been shown to be hyperbolic in nature in 

multiple populations, similar to monetary discounting.47-50 

Delay Discounting and Sexual Behavior 

Preliminary evidence suggests that delay discounting is associated with risky 

sexual behavior. Studies of undergraduate populations have found the duration of 

hypothetical sexual activity is discounted hyperbolically51 similar to monetary outcomes 

and that discount rates of hypothetical money and hypothetical sexual activity are 

correlated.52 Alcohol-dependent individuals have been shown to discount the number of 

hypothetical sexual acts at a higher rate than non-alcohol-dependent controls.53 Monetary 

delay discounting has been shown to be associated with condomless sex in the context of 
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co-occurring alcohol use, suggesting that substance use might modify the effect of delay 

discounting on risky sex.54  

I have previously conducted a study investigating the association between 

monetary delay discounting and risky sexual behavior in an online sample of MSM.55 In 

that study, in a survey of 1,402 MSM, the prevalence odds ratio for reporting multiple 

(>2) CAI partners in the previous 12 months was higher for MSM who discounted 

delayed rewards at the highest level. In subsequent analysis of these data, the effect of 

age on the association between delay discounting and CAI was examined.56 This analysis 

revealed an interaction of age in which monetary delay discounting is associated with 

CAI in MSM age 18-24 years, but not associated with CAI in MSM age 25 years and 

above (Table 1.1). Based on these preliminary data, we focused our recruitment efforts on 

young MSM. Young MSM have the highest age-specific HIV incidence in the United 

States, and are the only age-specific group for whom HIV incidence has increased in the 

past decade.57 

Table 1.1. Adjusted prevalence ratios (PR) and confidence intervals for condomless anal 

intercourse with any and multiple partners in the past 12 months. 

 <25 years old ≥25 years old 

Variable PR (95% CI) p PR (95% CI) p 

Any Condomless Anal Intercourse 

Delay Discounting*     

Low Ref  Ref  

High 1.18 (1.05, 1.32) <0.01 0.95 (0.84, 1.08) 0.46 

Condomless Anal Intercourse with 3 or More Partners 

Delay Discounting*     

Low Ref  Ref  

High 2.37 (1.62, 3.46) <0.01 1.06 (0.76, 1.48) 0.74 

*Adjusted for education and income. 
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Johnson et al. found that higher rates of discounting on the SDT, but not monetary 

discounting, were associated with risky sexual behavior in a group of cocaine-dependent 

individuals. The populations in these studies have been predominantly heterosexual and 

comprised of both men and women. All published studies assessing delay discounting 

and risky sex have been cross-sectional in design and most have not controlled for 

potential confounding variables. 

Neuroscientific Basis for Potential Age Effects in Delay Discounting Studies 

 There is neurodevelopmental evidence that supports a possible age effect in the 

association between monetary delay discounting and risky sexual behavior. Steinberg58 

notes two primary reasons that risk-taking tends to decline as individuals transition from 

adolescence into adulthood. First, the prefrontal cortex continues to develop leading to 

greater planning ability and reduced impulsivity. Second, increased connectivity of 

different brain structures allows for enhanced integration of cognitive and emotional 

reasoning which results in less impulsive or risky behavior. There is evidence that delay 

discounting declines with age and reaches stable levels around age 30.59,60 

 Based on evidence that different neural systems are involved in decision-making 

regarding immediate versus delayed rewards61, Bickel et al62 have suggested a model in 

which neural systems compete to affect the selection of smaller, sooner versus larger, 

later consequences. Specifically, they propose that the limbic system, which plays an 

important role in affect and emotion, contributes to decisions in favor of smaller, sooner 

rewards (i.e, impulsive choices), whereas the executive functioning of the prefrontal 

cortex contributes to decisions in favor of larger, later rewards. An imbalance in these 

neural systems in which the limbic system is overactive relative to the prefrontal cortex 
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would result in increased impulsivity. That these systems continue to develop throughout 

adolescence and young adulthood58 indicates that this could lead to age-based differences 

in delay discounting. 

Delay Discounting: Trait or State? 

 Whether delay discounting functions as a state variable or a trait variable will 

inform the utility that it might have with respect to sexual risk-taking and HIV 

prevention. A state variable is a modifiable psychological condition.63 It is something that 

is transient and can be affected by external manipulations. State variables can be 

psychological in nature, such as the anxiety one experiences at a traffic stop; 

physiological in nature, such as the effects of alcohol that caused the traffic stop; or 

environmental, such as the appearance of the police officer that causes an individual to 

act with more deference than usual64. Trait variables, in contrast, are differences that vary 

across individuals and are considered to be less modifiable than states and tend to remain 

stable over extended periods of time.  

If delay discounting is a state variable – one that is modifiable by external stimuli 

– then delay discounting could serve as a target for behavioral interventions designed to 

reduce delay discounting. If, however, delay discounting is a trait variable – one that is 

relatively stable and less subject to external modification – then delay discounting per se 

might not be as easily amenable to intervention. Rather, as a trait variable, delay 

discounting could serve as a useful indicator of an individual’s tolerance for sexual risk. 

Odum65 conducted a secondary analysis of multiple studies of delay discounting and 

found concordance in the degree of delay discounting across multiple domains (e.g., 

money, food, substance of choice), suggesting that delay discounting is a relatively 
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consistent characteristic within an individual. This also suggests that interventions that 

target delay discounting in one domain might influence discounting in other domains.  

If delay discounting is more trait-like than state-like, interventions could still be 

developed to target other psychological or behavioral characteristics related to delay 

discounting; such interventions have been developed targeting non-sexual outcomes. For 

example, an intervention that used working memory training has been shown to decrease 

the degree of delay discounting among individuals seeking treatment for substance use.66 

In another study, a money-management intervention was found to decrease delay 

discounting and subsequent cocaine use in individuals undergoing treatment for cocaine 

use.67 These studies provide evidence that delay discounting is modifiable and, in 

particular, the latter study provides evidence that interventions targeting delay 

discounting in one domain (i.e., money) can have effects on other problematic behaviors 

(i.e., substance use).   

An individual’s degree of discounting could also be used to inform they type of 

intervention that might be most beneficial. That is, an individual that steeply discounts 

delayed consequences might be best served by risk reduction interventions that focus on 

immediate consequences.63 Continued research is needed to characterize delay 

discounting as a trait or a state variable. In a review of the literature, Odum63 argues that 

delay discounting has characteristics of both state and trait variables. Regardless, 

evidence exists that suggests that delay discounting or related processes can serve as the 

basis for behavioral interventions. 
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Potential Utility of Delay Discounting in HIV Prevention 

Delay discounting provides a potential target for behavioral interventions to 

reduce sexual risk-taking and HIV risk behavior. As discussed above, interventions 

targeting delay discounting have been developed.66,68 To the extent that delay discounting 

is causally related to risky sexual behavior, interventions targeting a reduction in delay 

discounting might also reduce the occurrence of risky sexual behavior. There is evidence 

that delay discounting is a trait variable65,69, suggesting that interventions designed to 

address delay discounting in one domain (e.g., monetary) would possibly generalize to 

delay discounting related to other domains (e.g., sexual).  

Delay discounting might also be useful as a screening device to suggest which 

individuals might need further evaluation for HIV prevention services. If delay 

discounting can be used to identify individuals more likely to engage in risky sexual 

behaviors, it could be an additional tool to aid in the targeting of limited public health 

resources to those individuals at highest risk of seroconversion. Further, a delay 

discounting task has the added benefit of being less susceptible to social desirability bias 

than self-reports of specific behaviors.70 Specifically, to complete the MCQ a participant 

indicates a preference between two amounts of money at two different times. There is no 

clear ‘right’ or ‘wrong’ answer. The SDT might suffer from more social desirability bias 

because the participant indicates a preference between condomless sex immediately and 

condom-protected sex at a delay. However, it is reasonable to expect that the responses to 

either of these questionnaires will be more reliable than assessments of self-reported 

sexual behavior. 
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Further evidence of the concordance of delay discounting across domains – and 

the effect of interventions targeting each domain – is needed. A syndemic of health 

problems has been identified among MSM in the United States71, including risky sexual 

behavior and substance use, and the need for interventions targeting multiple health 

behaviors in this population has been noted.72 Delay discounting has the potential to serve 

as a unifying target underlying these frequently co-occurring behaviors, but existing 

research has rarely focused on delay discounting among MSM. 

Agent-based Modeling in Infectious Disease Epidemiology 

 Epidemic modeling provides a method for estimating and evaluating situations 

that are counterfactual to observation and have been used extensively to evaluate 

mechanisms of disease spread73. Such models can be used to evaluate hypotheses 

regarding disease transmission and to estimate the effects of increasing coverage of 

interventions on disease incidence. Broadly, there are two types of models that are 

typically used: deterministic compartmental models and stochastic agent-based models.74  

Compartmental models employ a series of differential equations to describe the 

processes of disease susceptibility, transmission, infection, recovery, and death. Such 

models are deterministic because they are described by equations with closed-form 

solutions and provide consistent results based on a given set of inputs. The results of a 

compartmental model reflect the average (i.e., expectation) state of a population given the 

input parameters.  

Agent-based models, on the other hand, are models that describe virtual 

populations of individuals (i.e., nodes) which form and break relationships (i.e., edges) 

over time. Dynamic agent-based models are based on separable, temporal, exponential-
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family random graph models (STERGMs).75 Exponential-family random graph models 

(ERGMs) describe network connections at a given point in time.76 STERGMs extend 

ERGMs by describing changes in edges over time, effectively generating a temporal 

sequence of cross-sectional networks in which edges can form, break, and be maintained 

over time.75 The nodes in an agent-based model have attributes which stochastically 

govern edge formation, disease susceptibility, and behaviors associated with disease 

transmission (e.g., condom use). Unlike deterministic models, agent-based models do not 

have closed-form solutions and are therefore solved via simulation.77 Agent-based 

models allow for the examination of much more complex processes than deterministic 

models. For example, agent-based models help to quantify the role of chance in disease 

outcomes and allow the outcomes of each individual in the population to be tracked77. 

 Agent-based models are a valuable tool for estimating potential impact of public 

health programs at the population level. For example, agent-based models have been used 

to demonstrate the expected population level impact on HIV incidence of various 

combinations of HIV prevention interventions at different levels of coverage6,78 and to 

estimate the impact of different prescribing guidelines for PrEP.79 Thus, these models 

provide a method for developing estimates of the potential impact of a delay-discounting 

intervention on HIV incidence. 

Dissertation Aims 

The purpose of this dissertation is to further explore the relationship between 

monetary and sexual discounting and risky sexual behavior among MSM. In Aim 1, I will 

examine the concordance between monetary and sexual discounting to assess whether 
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discounting in one domain is associated with discounting in the other domain in an online 

sample of MSM.  

In Aim 2, I will examine whether monetary and/or sexual delay discounting are 

associated with risky sexual behavior in the same online sample of MSM. Specifically, I 

will examine whether increases in delay discounting are associated with reporting 

condomless anal intercourse in the past 12 months. Based on the age-dependent effects I 

previously observed, I will examine whether these associations are modified by age.  

In Aim 3, I will use a network model of MSM based on empirical data collected 

in Atlanta, GA to estimate the potential impact of a behavioral HIV prevention 

intervention designed to reduce delay discounting. Using estimates of CAI among men 

who discount delayed condom-protected sex and men who do not, I will examine changes 

in HIV incidence and prevalence over a ten year period in which a behavioral 

intervention is implemented. Network simulations with varying intervention effectiveness 

and coverage will be conducted in order to estimate the potential impact of an 

intervention under various scenarios. The use of such modeling exercises to guide 

research priorities will be discussed. 
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Chapter 2: Assessing the concordance between monetary and sexual delay discounting 

in an online study of men who have sex with men 

Introduction 

Men who have sex with men (MSM) have the highest group-specific rate of HIV 

in the United States. MSM are 57.5 times more likely to be diagnosed with HIV 

compared to other men.80 Although the rate of hew HIV diagnoses has been declining in 

most subgroups in the United States, including heterosexual women and injection drug 

users, the rate of diagnoses among MSM has been increasing over the past several 

years.57 Diagnoses have been increasing even more rapidly among young MSM and 

MSM of color.3,57 Combination HIV prevention programs that rely on multiple modes of 

prevention, including increased access to and use of condoms, are the most promising 

public health strategy to reduce HIV transmission.6 Impulsivity may play an important 

role in condom use, and therefore in sexual risk-taking that can lead to HIV transmission. 

Impulsivity is a concept that has been defined in multiple ways by different 

researchers81, but one frequently used definition is the preference for a smaller reward or 

consequence available sooner over a more preferred reward available after a longer 

delay.82 Broadly, impulsivity can be measured using domain general or domain specific 

assessments.83 Domain general assessments focus on impulsivity as a trait of the 

individual that is present across situations. Domain specific assessments allow that 

situational and stimulus-specific factors may contribute to impulsive behavior. For 

example, an individual may exhibit self-control and a lack of impulsivity in their 

management style at work but make financially impulsive decisions when away from the 

office. Empirical evidence suggests that domain specific measurements of impulsivity are 
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more valid and allow for within-individual variations in behavior compared to domain 

general measurements.83 That is, individual differences in impulsivity across domains 

cannot be detected by domain general measures and it is unclear how much concordance 

should be expected between domain general and domain specific measures.  

Delay discounting is a behavioral economic measure of impulsivity that has been 

shown to be associated with a number of health-related behaviors and conditions 

including substance abuse26,29-31,39,84 and obesity.41,85 There is growing evidence that 

delay discounting may be associated with sexual risk-taking.47,52,86,87 Commonly, delay 

discounting has been measured using a monetary choice task in which respondents select 

between a given amount of money available immediately or in the near future and a 

larger amount of money available after a longer delay. Monetary delay discounting tasks, 

although specific to financial impulsivity, have become a de facto domain general 

measurement of impulsivity in the delay discounting paradigm. The frequency with 

which monetary discounting has been found to be associated with impulsivity in domains 

other than financial decision-making supports this use of monetary tasks. Domain-

specific delay discounting tasks have also been developed. For example, discounting of 

substance of choice has been measured for specific substances such as heroin88,89 and 

alcohol28; other tasks have been developed to measure discounting of health 

outcomes.39,40 Understanding the relationship between delay discounting and health-

related problems may contribute to development of novel public health strategies to 

reduce morbidity and mortality associated with impulsive behavior. Indeed, interventions 

have been developed that reduce delay discounting and substance use66,67; similar 

interventions might be effective in reducing sexual risk taking. 
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Domain-specific methods to assess delay discounting of sexual behavior have also 

been developed. Tasks measuring delay discounting of access to erotic stimuli,87 the 

quantity/duration of sexual behavior,51,52 and the attractiveness of a potential sexual 

partner90 have found systematic patterns of responding across a range of delay values. 

The Sexual Delay Discounting Task47 (SDT) is a domain-specific delay discounting task 

that measures discounting of condom-protected sex, a behavioral outcome with direct 

relevance to HIV and sexually transmitted infection (STI) transmission. Using the SDT, 

condom-protected sex has been shown to be described by a two-parameter hyperboloid 

function47,49,50 similar to other forms of discounting. This function describes the decay in 

value of a reward as the delay to the reward increases. In the context of the SDT, the 

reward is the protection conferred by a condom. Systematic discounting data have been 

obtained from multiple populations including young adults,50 men who have sex with 

men,49 and opioid-dependent women.48 Opioid-dependent women were found to discount 

condom-protected sex more steeply than non-opioid-using controls.48 

Monetary discounting has previously been found to be associated with 

condomless anal intercourse (CAI) in an online sample of MSM.55 Given that sexual 

delay discounting has also been shown to be associated with sexual risk-taking,47,52,86,87 

monetary and sexual discounting might be measuring a general tendency to discount 

across multiple domains. That is, the tendency for monetary discounting tasks to predict 

impulsivity in domains beyond financial behavior may translate to sexual discounting as 

well.  

The concordance between monetary and sexual discounting is interesting for a 

couple of reasons. First, it will be important to recognize from a behavioral perspective 
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whether people who tend to discount delayed money also tend to discount delayed access 

to condoms or sexual activity. If discounting in the two domains tends to be concordant 

within individuals then this will provide an indication of the generalizability of domain-

specific delay discounting to other domains. Second, to the extent that it is associated 

with sexual risk-taking, delay discounting might play an important role in reducing risky 

sexual behavior and HIV/STI transmission. Delay discounting might be useful as 

screening tool to identify individuals who are more likely to engage in risky sex and, to 

the extent that delay discounting is modifiable, might serve as a target for behavioral 

interventions. If delay discounting is generalizable across domains then information 

about an individual’s tendency to discount in one domain (e.g., money) could provide 

information about their discount rate for other domains (e.g., sexual). The ease of 

implementation of some monetary discounting tasks compared to sexual discounting 

tasks and the reduced social desirability bias associated with monetary discounting 

tasks70 might make monetary discounting a more desirable screening tool.  

It is unclear if monetary and sexual delay discounting are related phenomena or if 

the processes operate independently. There are limited published studies in which both 

delay discounting and monetary discounting have been measured.47,52,91,92 In these 

studies, the concordance between monetary and sexual delay discounting has been 

unclear: Correlations between the two types of discounting have been inconsistent. When 

statistically significant the correlations tend to be small.47,52,92 However, the reported 

studies tend to have small numbers of participants and were not conducted specifically to 

assess the association between monetary and sexual discounting. Additionally, many 
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studies comprise undergraduate populations,52,91 raising questions about the 

generalizability of the results. 

The aim of the current study was to assess the concordance between monetary and 

sexual delay discounting. To address some of the shortcomings of previous studies, we 

recruited a large population from a widely used social network and focused recruitment 

on MSM, the group with the highest rate of HIV diagnoses in the United States.  
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Methods 

Recruitment 

Participants were recruited via Facebook advertisements targeted to men who 

indicated that they were interested in men in their profile or who ‘liked’ pages that 

indicated that they might be MSM. Men who clicked through to the survey were provided 

with information about the study and completed an eligibility screener. Men were eligible 

for the study if they were 18 years of age or older, born male, and had sex with a man in 

the previous 6 months. Participants completed the survey anonymously and were 

uncompensated for participating. This study was determined to be exempt from review 

by the Emory University IRB.  

Delay Discounting Measures 

Monetary delay discounting was measured using the Monetary Choice 

Questionnaire (MCQ)25 and sexual delay discounting was measured using the Sexual 

Discounting Task (SDT)47. To control for potential order effects of the delay discounting 

tasks, the order of the MCQ and SDT was randomized across participants. 

Monetary Delay Discounting. The MCQ consists of 27 dichotomous questions of 

the form, “Would you prefer $54 today or $55 in 117 days?” The pattern of responding 

across the 27 items is used to assign a value of k that describes the rate of monetary 

discounting in the hyperbolic discounting equation V = 1/(1+kD), where V is the present 

subjective value of a monetary outcome, D is the delay, and k is a free parameter that 

describes the rate of discounting23. Higher values of k indicate steeper discounting of 

delayed monetary outcomes.  
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Sexual Delay Discounting. The SDT measures the extent to which delayed 

condom-protected sex is discounted compared to immediately available condomless sex. 

Prior to completing the task, participants were presented with an array of 41 headshots of 

different men and instructed to select the men with whom, assuming they liked his 

personality, they would be interested in having sex. Using language adapted from 

Johnson et al47, participants were instructed to assume that they were not in a relationship 

and no one else would be affected if they were to have sex with one of the selected men.  

Participants were shown all of the selected photos and asked to identify the man 

they would most like to have sex with (MOSTSEX). That image was then removed and 

the participant was asked to identify the man he would least like to have sex with 

(LEASTSEX). All of the originally selected images were then presented again and the 

same procedure was used to identify the man he thought was most likely to have a STI 

(MOSTSTI) and least likely to have a STI (LEASTSTI). Thus, up to four different 

images could be selected to satisfy these four conditions and the discounting task was 

completed for each. If an image was selected for more than one condition then the 

discounting task was only completed once for that image. The four different conditions of 

the SDT represent four different decision-making contexts. This allows for the 

assessment of condom preferences in different situations, such as with a partner who is 

perceived to be very attractive or a partner who is perceived to have a high likelihood of 

having a STI. 

For the discounting task, participants indicated on a visual analog scale (VAS) 

their preference for sex without a condom immediately versus sex with a condom at 7 

different delays: 1 hour, 3 hours, 6 hours, 1 day, 1 week, 1 month, and 3 months. The left 
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side of the VAS was always “I will definitely have sex now without a condom.” The right 

anchor of the VAS was always “I will definitely wait <delay> to have sex with a 

condom.” An additional condition in which there was no delay for condom-protected sex 

was used to assess individual condom use preferences.  

Analytic Methods 

The monetary discounting parameter, k, was determined using the method 

proposed by Kirby et al.93 based on the pattern of responding across the 27 items. Briefly, 

a participant’s pattern of responding was compared to 10 potential response patterns, 

each of which is associated with a given value of k. A value of k was assigned based on 

the standard pattern that the participant’s responses most closely matched. Participants 

who matched two patterns equally well were assigned the geometric mean between the 

two values of k associated with those patterns. Responses that did not meet 80% 

agreement with at least one value of k were marked invalid. The distribution of k was 

skewed, so it was log-transformed for analyses.  

The selection on the VAS for the SDT was treated as the indifference point 

between condomless and condom-protected sex. To account for differences in condom 

preference, the seven delay conditions of the SDT were standardized to the 0-delay 

condition by dividing the former by the latter, restricting the range of the standardized 

area under the curve (AUC) to [0,1]. Thus, standardized values were not calculated for 

participants who selected immediate condomless sex (i.e., 0 on the VAS) in the 0-delay 

condition. These standardized values used to determine the AUC for each participant for 

each condition of the SDT using the method proposed by Myerson et al94. Lower AUCs 

indicate steeper discounting of condom-protected sex.  
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Orderliness of the SDT data was assessed using a method adapted from Johnson 

& Bickel95. Specifically, a participant’s data were excluded on a given condition if either 

of the following two criteria were met: the indifference point for a given delay was >20% 

higher than the indifference point for the preceding delay or the AUC was > 1 (i.e., 

preference for condoms increased as the delay to condoms increased). Group median 

AUCs were fit to the hyperboloid function V = 1/(1+kD)s that has previously been found 

to describe sexual discounting data47-50. In this function, V is the present subjective value 

of condom-protected sex, D is the delay to condom-protected sex, and k and s are free 

parameters.  

SDT data were heavily skewed. A rank transformation was employed as in 

previous studies.48,49 Rank transformed variables can take the place of a skewed variable 

in large-sample statistical methods.96 However, the rank-transformed AUC was still 

considerably skewed due to a substantial number of ties, particularly at the ends of the 

distribution. Therefore, the AUCs were also categorized in the following manner: 0.00 ≤ 

AUC ≤ 0.25, 0.25 < AUC ≤ 0.50, 0.50 < AUC ≤ 0.75, 0.75 < AUC < 1.00, AUC = 1.00. 

The same categorization was used for each SDT condition. Discounting of each condition 

likely represents somewhat different processes (e.g., sex with most preferred man vs. 

with man most likely to have a STI). Using the same cutpoints in each condition allows 

for the assessment of a given amount of discounting across conditions.  

Concordance of monetary and sexual discounting was assessed using linear 

regression models in which the outcome was the log-transformed k from monetary 

discounting and the predictor variables were either the rank-transformed AUC or 

categorized AUC from SDT.  
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Because of the high prevalence of men who did not discount condom-protected 

sex, chi-square tests, stratified by age, were conducted to assess whether men who do not 

discount condom-protected sex also tend to not discount money (i.e., always choose the 

larger, later amount).  

All analyses were conducted in SAS 9.4 (Cary, NC). 
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Results 

Demographics 

Of 217,287 Facebook impressions, there were 4,265 click-throughs to the survey 

for a click-through rate of 2.0%. Of those who clicked through to the survey, 2,684 

(62.9%) initiated the survey; 790 (29.4%) of those who initiated the survey did not meet 

the eligibility criteria. A total of 1,012 men provided systematic responses for at least one 

of the MCQ and/or SDT. 

Demographics of the study population are presented in Table 2.1. Because the 

prevalence of no discounting of condom-protected sex was so high, demographic 

characteristics are dichotomized as no vs. any sexual discounting in the MOSTSEX 

condition. Approximately half (45.3%) of the participants were under 25 years old and 

most were white (66.7%) or other/multiracial (17.7%). Overall, the study population was 

well-educated with 79.3% reporting at least some college. 29.0% of participants reported 

an income below the poverty line, defined as <$15,000 per year. Close to half (43.5%) of 

participants reported a main partner, defined as someone they were committed to above 

all others. No differences were observed on any of the demographic variables based on 

discounting (no vs. any) status. 
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Table 2.1. Demographic characteristics of the study population overall and dichotomized 

by sexual discounting status.  

  Total 

Any Sexual 

Discounting1 

No Sexual 

Discounting1 

Chi-

square p-

value2 

  N % N % N %  
Age        

18-24 458 45.3 251 47.1 98 44.1 0.46 

25+ 554 54.7 282 52.9 124 55.9  
Race/Ethnicity        

Black 76 7.5 27 5.1 21 9.5 0.13 

Hispanic 82 8.1 43 8.1 19 8.6  
White 675 66.7 363 68.1 147 66.2  

Other/Multiracial 179 17.7 100 18.8 35 15.8  
Education        

High school or less 209 20.7 118 22.2 38 17.1 0.12 

At least some college 802 79.3 414 77.8 184 82.9  
Income        

<$15,000/year 260 29.0 143 30.4 53 27.2 0.41 

≥$15,000/year 637 71.0 328 69.6 142 72.8  
Marital Status        

Married/domestic partner 120 11.9 60 11.3 28 12.6 0.75 

Widowed/Divorced/Separated 19 1.9 9 1.7 5 2.3  
Never married 872 86.3 463 87.0 189 85.1  

Main partner        
Yes 386 43.5 209 44.4 79 40.9 0.46 

No 468 52.8 244 51.8 109 56.5  
Don't know 33 3.7 18 3.8 5 2.6  

 

1On the MOSTSEX condition; 2Comparing any vs. no sexual delay discounting 

 

Orderliness and Distribution of Discounting Data 

Patterns of responding that indicate that a participant did not understand or did not 

attend to the delay discounting task are typically discarded prior to analysis. For example, 

random response patterns or non-monotonic discounting functions indicate that a 

participant is not responding systematically. Non-systematic responding on the SDT was 
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high and is reported for each condition in Table 2.2. There was non-systematic 

responding in 29.6%, 21.2%, 17.4%, and 23.4% of MOSTSEX, LEASTSEX, MOSTSTI, 

and LEASTSTI conditions, respectively. Across conditions, 9.0%, 5.7%, 4.6%, and 

11.6% of participants indicated a definite preference for immediate condomless sex in the 

MOSTSEX, LEASTSEX, MOSTSTI, and LEASTSTI conditions, respectively, and thus 

did not contribute to analyses involving standardized AUC. 

Table 2.2. Reasons that no standardized AUC value was obtained for each SDT 

condition. 

  MostSex LeastSex MostSTI LeastSTI 

  N % N % N % N % 

20% Criterion 262 25.9 160 15.8 108 10.7 199 19.7 

AUC > 1 110 10.9 126 12.5 111 11.0 95 9.4 

Total Non-systematic 299 29.6 214 21.2 176 17.4 237 23.4 

Missing Data 56 5.5 108 10.7 96 9.5 90 8.9 

Zero-Delay Condition = 0 91 9.0 58 5.7 46 4.6 117 11.6 

 

There was a large proportion of participants in each SDT condition that did not 

discount condom-protected sex. That is, they selected a complete preference for condom-

protected sex at each of the delays. The distribution of the log-transformed k and AUCs 

from each SDT condition are presented in Table 2.3. The values for k were approximately 

normal following the log-transformation; however, the standardized AUC values were 

skewed due to the clustering of values at the extremes of the distribution. The median 

standardized AUC values were 0.83, 1.0, 1.0, and 0.99 for MOSTSEX, LEASTSEX, 

MOSTSTI, and LEASTSTI, respectively. Thus, more than half of participants did not 

discount condom-protected sex in the LEASTSEX and MOSTSTI conditions. 
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Table 2.3. Mean, median, minimum, and maximum values for the log-transformed k and 

AUC for each SDT condition. AUCs are presented for the fully study population, 

including participants who did not discount condom-protected sex, and for the subset of 

participants who did discount condom-protected sex. 

 Mean Median Min Max 

Proportion 

not 

discounting 

lnk -4.53 -4.63 -8.74 -1.39 4.4 

MostSex AUC 0.66 0.83 2.31E-04 1.00 29.4 

MostSex AUCa 0.44 0.45 2.31E-04 1.00b -- 

LeastSex AUC 0.84 1.00 2.31E-04 1.00 48.1 

LeastSex AUCa 0.63 0.70 2.31E-04 1.00 b -- 

MostSTI AUC 0.89 1.00 2.31E-04 1.00 56.4 

MostSTI AUCa 0.69 0.79 2.31E-04 1.00 b -- 

LeastSTI AUC 0.75 0.99 2.31E-04 1.00 37.8 

LeastSTI AUCa 0.52 0.55 2.31E-04 1.00 b -- 
aExcluding participants who did not discount condom-protected sex, bRounds to 1.00. 

SDT data were well described by the two-parameter hyperboloid function when 

non-discounters were excluded from model fitting (R2 > .97 for all SDT conditions). 

When non-discounters were included, there was no least squares solution obtained for the 

LEASTSEX and MOSTSTI conditions; however, the model fit was good for MOSTSEX 

(R2 = .99) and LEASTSTI (R2 = 1.0). 

Concordance of Monetary and Sexual Discounting 

Results from the linear regression models are presented in Table 2.4. Overall, 

there were no significant associations between monetary and sexual delay discounting in 

either young or older MSM. One category of MOSTSEX (25.0 < AUC ≤ 50.0) had a 

statistically significant association with monetary discounting. Given the multiple 

comparisons present in the current analysis, the statistical significance of this association 
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should be interpreted with caution. Following a Bonferroni correction, none of the results 

would be statistically significant.   
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Table 2.4. Change in mean lnk associated with increases in sexual discounting for each condition of the SDT for categorized 

and rank-transformed AUC.   

 MOSTSEX LEASTSEX MOSTSTI LEASTSTI 

Categorized AUC Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value 

0.0 ≤ AUC ≤ 25.0 0.29 (-0.11, 0.69) 0.15 

0.49 (-0.07, 
1.04) 0.09 0.10 (-0.54, 0.75) 0.76 0.16 (-0.29, 0.61) 0.49 

25.0 < AUC ≤ 50.0 0.56 (0.02, 1.09) 0.04 

0.11 (-0.53, 
0.76) 0.73 0.65 (-0.11, 1.40) 0.09 0.50 (-0.03, 1.03) 0.06 

50.0 < AUC ≤ 75.0 0.45 (-0.02, 0.93) 0.06 

0.15 (-0.33, 
0.63) 0.54 0.04 (-0.48, 0.55) 0.89 

-0.23 (-0.72, 
0.26) 0.35 

75.0 < AUC < 1.0 0.10 (-0.34, 0.54) 0.64 

0.16 (-0.20, 
0.52) 0.38 

-0.04 (-0.37, 
0.29) 0.81 0.15 (-0.24, 0.54) 0.44 

AUC = 1.0 ref  ref  ref  ref  

                 

Rank-Transformed 

AUC Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value Δlnk (95% CI) 

p-

value 

100-Unit Decrease 

in Rank* 
0.09 (0.00, 0.18) 0.05 

0.06 (-0.02, 
0.14) 

0.16 0.01 (-0.06, 0.09) 0.73 0.03 (-0.05, 0.12) 0.43 

*decrease in rank indicates an increase in sexual delay discounting 
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Although non-significant, the effects were in the expected direction. As sexual 

discounting increased, the mean lnk value also increased; however, these increases tended 

to be small. For example, a 100-unit decrease in rank in MOSTSEX standardized AUC 

(i.e., steeper delay discounting) was associated with a 0.09 increase in the log-

transformed k. Similarly, men with a MOSTSEX standardized AUC between 0.0 and 

0.25 had a mean lnk that was 0.29 units higher than men with a standardized AUC = 1.0. 

These trends were generally consistent across the SDT conditions.  

The results of the chi-square tests assessing the concordance of any- vs. no-

monetary and sexual discounting are presented in Table 2.5. Only one of the tests was 

significant, indicating that any monetary discounting is associated with any discounting 

of condom-protected sex in the MOSTSEX condition. As above, this result would not be 

statistically significant following corrections for multiple comparisons. 

Table 2.5. Chi square tests examining the concordance between no vs. any delay 

discounting on the MCQ and SDT. 

  Monetary Discounting 

SDT Condition No DD Any DD p 

MOSTSEX       

No DD 14 191 0.03 

Any DD 10 338   

LEASTSEX      

No DD 16 304 0.38 

Any DD 10 273   

MOSTSTI       

No DD 21 386 0.26 

Any DD 9 261   

LEASTSTI      

No DD 14 241 0.09 

Any DD 9 318   
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Discussion 

In an online sample of MSM we found no association between monetary and 

sexual delay discounting. The results of previous studies in which both monetary and 

sexual discounting have been assessed have been inconsistent. However, none of the four 

conditions in the SDT was found to be associated with monetary delay discounting, as 

measured by the MCQ.  

The lack of concordance between these two measures suggests that the two delay 

discounting tasks are measuring separate behavioral processes or that delay discounting 

in one domain (e.g., economic) does not indicate delay discounting in other domains 

(e.g., sexual). These results suggest that monetary delay discounting tasks are unlikely to 

be useful tools to identify individuals most likely to engage in risky sexual behavior who 

are, therefore, most in need of prevention interventions to reduce HIV/STI transmission. 

Monetary discounting tasks have the benefit of reduced social desirability bias compared 

to sexual discounting tasks and could provide a method for identifying people who tend 

to be impulsive in economic decision-making as well as other decision-making contexts. 

However, these results suggest that with regard to the discounting of condom-protected 

sex, monetary discounting is uninformative.  

Previous research has demonstrated that there may be an association between 

monetary discounting and impulsive behavior in other domains. Numerous studies have 

demonstrated an association between substance use and abuse and monetary delay 

discounting.28,29,34,35,37,40 Further, interventions have been developed that have been 

demonstrated to reduce monetary delay discounting as well as subsequent substance 

use.66,67 Monetary delay discounting has also been demonstrated to be associated with 
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eating behaviors and body mass.41,42,85,97 Thus, the lack of concordance between 

monetary and sexual discounting appears to represent a divergence in the trend for 

economic impulsivity to generalize to impulsivity in other domains. However, in a 

previous study Jones and Sullivan55 did observe an association between monetary 

discounting and reporting multiple CAI partners.  

One possibility for the lack of concordance between sexual and monetary 

discounting is that social desirability bias may affect the current results. The SDT 

specifically asks participants to indicate a preference between condom-protected and 

condomless sex. Unlike the MCQ in which participants are merely expressing a 

preference between amounts of money at various delays, there is a clear ‘right’ answer in 

the SDT: Wait for a condom to be available. In the current study, a substantial proportion 

of men selected that they would always prefer to wait for a condom regardless of the 

delay for each of the four SDT conditions. That is, they did not discount condom-

protected sex. Whether this reflects a true preference that is indicative of his behavior or 

an unwillingness to express a preference for condomless sex in some situations is unclear. 

The lack of concordance between monetary and sexual discounting persisted in analyses 

in which men who did not discount condomless sex were excluded (data not shown).  

The SDT also represents a more complex decision-making scenario than does the 

MCQ. The MCQ presents a series of dichotomous choices between different amounts of 

money available at different delays. The only difference in the outcomes is quantitative – 

the amount of money and the delay to receipt. The SDT, on the other hand, requires 

participants to indicate a preference between two outcomes that are qualitatively 

different: sex with or without a condom. In addition to the qualitative difference in the 
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two outcomes, the SDT might also rely on decision-making with regard to likelihood of 

HIV/STI acquisition. Although the SDT includes conditions specific to perceived STI 

risk (MOSTSTI and LEASTSTI), it is likely that HIV/STI risk plays a role in a man’s 

preference in the other conditions as well. This is likely especially true in a MSM 

population for whom condoms exclusively serve the purpose of preventing transmission 

of HIV/STIs given that pregnancy is not a concern. 

Other sexual discounting tasks have been developed in which the delayed 

outcome is sex with a more attractive partner90, a greater quantity (i.e., longer duration) 

of sex52, or access to erotic stimuli.87 These tasks, particularly those with more 

quantitative outcomes, might be more highly correlated with monetary discounting.  

There was a high rate of non-systematic responding on the SDT in the present 

study, up to 39% in the MOSTSEX condition including those who had a value of zero in 

the zero-delay condition and thus could not contribute to analyses with standardized 

AUC. Previous studies have reported non-systematic responding, but at a lower rate. For 

example, Herrmann et al.49 conducted a survey of MSM recruited through Amazon’s 

Mechanical Turk service. In that study, 89% of respondents’ data were systematic; 

however, the authors did not report how many participants were excluded from analyses 

involving standardized AUC due to definite preference for immediate CAI in the 0-delay 

condition. Further, previous studies do not report excluding participants with AUC > 

1.0.47-49 Thus, it is not clear how much more non-systematic responding was present in 

the current study compared to others. It is possible that the sequential administration of 

two relatively complex delay discounting tasks was an excessive participant burden. 
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This study has a number of strengths. We were able to recruit a large sample of 

MSM to complete both the SDT and MCQ, obtaining a larger sample size than most 

studies of delay discounting. The study population was diverse with respect to race, age, 

educational attainment, and income. Using Facebook advertisements to recruit men to 

participate in research studies has been demonstrated to result in a minimally-biased 

study population that is similar to participants obtained via venue-based time-space 

recruitment.98 Participants completed the survey anonymously, which should reduce any 

social desirability bias associated with reporting sexual history and completing the 

SDT.99 

This study also has limitations. The SDT uses a response modality (i.e., VAS) that 

may not be as familiar to participants as other question types (e.g., radio button, 

checkbox). It is unclear whether the high proportion of non-systematic responding on the 

SDT was due in part to participants’ lack of familiarity with this type of question. 

However, only 3% of the responses on the MCQ were invalid indicating that participants 

were capable of providing systematic discounting data. Participants completed the survey 

anonymously, so we are unable to use IP addresses to check for duplicate responses. 

Because participants were not compensated for participating it is unlikely that one would 

take the survey multiple times.  

In conclusion, in a large, online study of MSM we found no concordance between 

monetary and sexual delay discounting. This indicates that monetary delay discounting is 

unlikely to be a reliable indicator of sexual risk and that interventions centered on 

monetary delay discounting may be less likely to have an effect on sexual risk-taking. 

Further, the present study indicates that impulsive sexual behavior may be qualitatively 
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different from other impulsive behaviors that have previously been found to be associated 

with monetary discounting. Future studies should continue to investigate whether other 

measures of sexual discounting are associated with monetary discounting, and how 

multiple measures of discounting relate to various risk behaviors. 
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Chapter 3: Assessing the association between monetary and sexual delay discounting 

and risky sexual behavior in an online sample of men who have sex with men 

Introduction 

The HIV epidemic in the United States has had a disproportionate impact on men 

who have sex with men (MSM). Since the beginning of the epidemic, male-to-male 

sexual transmission has accounted for more diagnoses than any other mode of 

transmission100. Diagnoses of HIV have been declining among other groups, such as 

heterosexual women and people who inject drugs, in recent years57. During this same 

time period, however, diagnoses of HIV have been increasing among MSM, especially 

among young MSM and MSM of color3,57. The primary mode of transmission of HIV 

among MSM is condomless anal intercourse (CAI)101; often in the context of a main 

partnership102-104. 

There are multiple modalities of HIV prevention interventions available to 

prevent sexual transmission of HIV, including condoms, which decrease the probability 

of transmission by 70%105 to 95%106. Pre-exposure prophylaxis (PrEP) is a biomedical 

intervention that involves administration of antiretroviral drugs to HIV-negative 

individuals to prevent seroconversion in the event they are exposed to the virus14. 

Increased HIV testing reduces HIV transmission by informing individuals of their HIV 

status so they can develop a plan to remain HIV-negative or initiate treatment if they are 

HIV-infected107,108. Antiretroviral therapy for HIV-infected persons that reduces HIV 

viral load to undetectable levels has been shown to provide near complete protection 

against virus transmission in samples predominantly comprising heterosexual couples12. 

Presumably this same protection will be observed among MSM. However, 
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epidemiological modeling studies have demonstrated that a combination of these 

interventions will be necessary to have a meaningful impact on the HIV epidemic in 

MSM6. Further, each of these prevention modalities requires individual action (e.g., 

adherence to PrEP or antiretroviral therapy, condom usage) in order to be effective. 

Understanding factors that contribute to the likelihood of a man using a given prevention 

modality may provide a basis to develop interventions to increase prevention behaviors. 

Delay discounting is a behavioral economic measure of impulsivity that may be 

related to sexual risk-taking. Delay discounting describes the decay in value of a reward 

or event as the time to the event increases. It has been shown to be associated with a 

number of health-related behaviors and states including smoking initiation33, substance 

use and abuse25,28,31,89, relapse following substance use cessation46, and obesity41,85.  

There is growing evidence that delay discounting is related to sexual risk-taking. 

In an online study, young MSM age 18-24 who reported CAI in the past 12 months had 

higher monetary discount rates than young men who did not; no effect of monetary 

discounting was observed among older MSM56. It is possible that the neural structures 

involved in impulse control, which continue to develop into the 20s109, influence the 

association between delay discounting and sexual risk-taking. This effect of age may be 

particularly important given the increasing rates of HIV diagnoses in young MSM57.  

The results above involved a monetary discounting task; delay discounting of 

sexual behavior itself has also been investigated. Tasks have been developed that assess 

the discounting of access to erotic stimuli87, duration of sexual activity51, attractiveness of 

sexual partners90, and delay to condom availability47. The Sexual Discounting Task 

(SDT)47 is designed to measure discounting of condom-protected sex by assessing 
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preferences between condomless sex at no delay and condom protected sex at delays 

ranging from one hour to three months. That is, it assesses a willingness to wait for a 

condom to be available. Delay discounting of condom-protected sex may be particularly 

relevant to HIV/sexually transmitted infection (STI) transmission given the importance of 

condom use in combination prevention strategies. 

Herrmann et al.49 conducted a study of MSM recruited via Amazon Mechanical 

Turk (MTurk), a microtask site that allows requestors to post jobs that workers can opt to 

complete for a specified price. In their study, sexual discounting as measured by the SDT 

was associated with risky sexual behavior. Monetary discounting and the potential effect 

of age on the association between delay discounting and risky sexual behavior were not 

assessed. Further, it is unclear to what extent MSM on MTurk represent other Internet-

using MSM or MSM in general. Finally, Herrmann et al did not assess PrEP use. Given 

the protection provided against HIV seroconversion by PrEP, it is possible that men using 

PrEP might discount condom-protected sex differently compared to men who do not use 

PrEP (i.e., risk compensation). There is limited evidence of risk compensation associated 

with PrEP use110-112. However, PrEP-using men using mobile dating apps have been 

found to frequently indicate a preference for CAI113. It is possible that PrEP use might 

modify sexual discounting. 

Other studies that have assessed monetary discounting and sexual behavior in 

heterosexual populations have been inconsistent, with some studies finding an 

association47,52,54,86,87,114 and others finding none48,91. However, these studies also did not 

assess modification of the effect by age, which has been shown to modify the association 

between monetary discounting and sexual risk-taking56. Further, the populations 
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generally comprised undergraduates52,87,91,114 which would preclude an assessment of the 

effect of age due to the limited age range of undergraduate populations.  

The association between delay discounting and sexual risk-taking is of interest for 

a couple of reasons. First, additional tools are needed to identify those men most at risk of 

HIV seroconversion in order to efficiently allocate limited public health resources 

available for HIV prevention intervention. Specifically, although cost-effective when 

targeted to high risk individuals115, PrEP is an expensive prevention intervention that 

costs $10,000 USD or more per patient per year116. Screening tools have been developed 

to identify men that are candidates for PrEP16,18,117; however, these screening tools have 

been demonstrated to have poor sensitivity, particularly among black MSM22. Additional 

measures, such as individual discount rate, may increase the sensitivity of the existing 

screening tools.  

There is also a need for behavioral interventions to reduce sexual risk-taking. 

Existing behavioral interventions have been largely unsuccessful in reducing CAI6 and 

novel approaches are needed to add to the arsenal of available prevention interventions. 

Delay discounting has the potential to serve as a target of or indicate the success of risk 

reduction interventions. That is, interventions could target delay discounting directly or 

reductions in discounting could serve as an immediately available measure of the success 

of an intervention, in comparison to the delayed outcome of reported condom use. There 

is a precedence for basing behavioral interventions on delay discounting. In one study a 

money management intervention was implemented among a group of substance users67. 

Following the intervention, both substance use and monetary discount rate were 
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decreased. In another study, working memory training was implemented which resulted 

in a decrease in monetary discount rate66. 

The purpose of the current study is to examine the relationship between two forms 

of delay discounting – monetary and sexual – and CAI. Based on previous research, we 

hypothesized that both types of discounting would be associated with CAI and that the 

association would be stronger among young compared to older men.   
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Methods 

Recruitment 

 We conducted an online study of MSM recruited via Facebook advertisements. 

Advertisements were targeted to Facebook users who identified as male and indicated 

that they were interested in men in their profile or whose interests indicated that they 

might be MSM. Men who clicked the advertisement were taken to the survey 

introduction page. Potential participants were provided a brief description of the survey 

and completed the eligibility screener. To be eligible for the survey, participants had to 

identify as male, be at least 18 years old, and report having sex with another man in the 

previous 6 months. Participants completed the survey anonymously. This research was 

determined to be exempt from review by the Emory University IRB. 

Delay Discounting Measurements 

 Monetary delay discounting was assessed via the Monetary Choice Questionnaire 

(MCQ)25 and sexual delay discounting was assessed via the SDT47. Each is described in 

detail below. The order of the delay discounting tasks was randomized across 

participants.   

 The MCQ consists of 27 items of the form “Would you prefer $24 today or $35 in 

29 days?” The pattern of responding across the 27 items is used to assign a discounting 

parameter, k, from the hyperbolic discounting equation V = A/(1+kD) [Equation 1], 

where V is the present subjective value of delayed money, A is the amount of the delayed 

value, D is the delay, and k is a free parameter. Larger values of k indicate steeper delay 

discounting, thus a stronger preference for smaller, sooner rewards. The 27 items are 
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presented in a fixed order that is independent of the amounts, delays, and discount rates 

associated with each item. 

 The value of k was determined for each participant using the method described by 

Kirby et al25. Briefly, there are 10 values of k, determined using Equation 1, associated 

with 10 distinct patterns of responding on the MCQ. Each participant’s response pattern 

was compared to these 10 standard patterns and the percentage agreement was 

determined for each. Participants were assigned the value of k that corresponded to the 

standard pattern with which their responses had the highest agreement. If a participant’s 

highest percent agreement was tied across two different standard patterns then the 

geometric mean of those two values of k was assigned. Participants who did not have 

80% agreement with at least one standard pattern were deemed to be nonsystematic and 

were not assigned a k value. Final k values were log-transformed to correct for skewness 

and obtain an approximately normal distribution. 

 The SDT measures discounting of condom-protected sex. To start the task 

participants were shown an array of 41 headshots of men and instructed to select the 

images of the men that they would be interested in having sex with. Participants were 

instructed to assume that they liked the man’s personality and that no one else would be 

affected if they had sex (e.g., assume neither is in a relationship). Next, of the selected 

images, participants were asked to select the man they would most like to have sex with 

(MOSTSEX). That image was then removed and participants were asked to indicate 

which man they would least like to have sex with (LEASTSEX). Next, all of the selected 

images were presented again and a similar procedure was used to identify the man 
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perceived to be most likely to have a STI (MOSTSTI) and least likely to have a STI 

(LEASTSTI).  

 A series of tasks designed to assess the participant’s sexual discount rate 

followed. For each of the four conditions (MOSTSEX, LEASTSEX, MOSTSTI, 

LEASTSTI) the image of the selected man was displayed and the participant used a 

visual analog scale (VAS) to indicate their preference between immediate sex without a 

condom and sex with a condom at 7 different delays: 1 hour, 3 hours, 6 hours, 1 day, 1 

week, 1 month, and 3 months. The VAS was anchored at 0 (immediate condomless sex) 

and 100 (condom-protected sex at the given delay). To assess individual condom use 

preferences, participants also indicated their preference between immediate sex without a 

condom and immediate condom-protected sex. If the same image was selected for more 

than one condition (e.g., for MOSTSEX and LEASTSTI) then the discounting task was 

only completed once for that image.  

 The value selected on the VAS was considered the indifference point between 

immediate sex without a condom and condom-protected sex at the given delay. The 

indifference point represents the point at which both options (i.e., immediate condomless 

sex, delayed condom-protected sex) are equally valuable. To account for individual 

condom-use preferences, the indifference points from the 7 delays were standardized 

against the 0-delay condition by dividing the former value by the latter.  

These standardized indifference points were then used to determine the area under 

the curve (AUC)94 across the 7 delays. Standardized AUCs range from a minimum of 0.0 

to a maximum of 1.0. Higher AUC indicates less discounting of condom-protected sex. 

SDT data were checked for orderliness using a method proposed by Johnson and 
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Bickel95. First, if the indifference point for a given delay was greater than 20% higher 

than the indifference point for the preceding delay then data for that condition were 

considered nonsystematic and were discarded. Second, if the AUC for a given condition 

was greater than 1.0, indicating stronger preference for condom-protected sex following a 

delay, then data were considered nonsystematic and were discarded. 

AUC values were highly skewed and clustered. Rank transformations96 and 

Spearman rank correlations have been used in the past as a means of conducting 

nonparametric statistical analyses with AUC values obtained using the SDT47-49. 

However, the clustering of responses at the ends of the distribution reduces the utility of a 

rank transformation. Therefore, AUC values were classified according to the following 

scheme: 0.0 ≤ AUC ≤ 0.25, 0.25 < AUC ≤ 0.5, 0.5 < AUC ≤ 0.75, 0.75 < AUC < 1.0, 

AUC = 1.0. An AUC value of 1.0 indicates that there is no discounting of condom-

protected sex. Because of the large proportion of participants who did not discount 

condom-protected sex analyses were also conducted with a dichotomized AUC variable 

comparing those with AUC < 1.0 (i.e., any discounting of condom-protected sex) to those 

with AUC = 1.0. In contrast to a data-based criterion such as tertiles or quartiles, using 

the same categorization for each condition of the SDT permits across-condition 

comparison of similar levels of discounting.  

Outcome Measures 

 The primary outcome is any condomless anal intercourse in the previous 12 

months. Participants completed a sexual behavior questionnaire with specific questions 

about up to 3 most recent sex partners and aggregate data (e.g., number of partners, 

number with whom the participant had anal sex) for additional partners. If a participant 
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reported CAI with a given partner, he was asked to specify whether it was receptive, 

insertive, or both. For the current analysis, a man was considered to have had any CAI if 

he reported insertive or receptive CAI with at least one partner in the past 12 months. 

Other Measures 

 Data were collected on a number of additional variables that were hypothesized to 

confound the association between CAI and delay discounting. Participants reported age, 

income, and educational status. Based on a previous study that found modification of the 

association between monetary discounting and CAI by age group56, age was 

dichotomized as 18-24 years and 25 years or more. Income was dichotomized as low 

income (<$15,000/year) versus mid- to high-income (≥$15,000/year). Educational status 

was dichotomized to compare those with at least some college education to those with a 

high school diploma or below. Finally, total number of partners reported in the sexual 

behavior questions was also dichotomized as 1-3 partners versus 4 or more partners in the 

past 12 months.  

Analysis Methods 

 Demographics. Demographic and sexual behavioral variables were stratified by 

CAI status (any CAI in past 12 months versus none). Chi square tests were used to assess 

whether any demographic or sexual behavioral variables differed based on CAI status. 

Effect of age group. Adjusted prevalence differences were estimated for the 

association between delay discounting and CAI, stratified by age group. Binomial 

regression models were used to estimate prevalence differences for the lnk and for the 

dichotomous sexual delay discounting AUC (any versus no discounting). Binomial 

regression models did not converge for the categorized AUC, so Poisson regression with 
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robust variances was used to estimate prevalence differences118. Separate models were 

estimated for each condition of the SDT. All models contained an interaction term to 

assess the effect of age group.  

Effect of current PrEP use. Adjusted prevalence ratios were estimated for the 

association between sexual delay discounting and CAI, stratified by current PrEP use. 

Due to the small number of men reporting current PrEP use, neither binomial models nor 

Poisson models with robust variance could be estimated using the categorized SDT AUC 

variable. Poisson regression with robust variances was used to estimate prevalence 

differences for each condition of the SDT using the dichotomous AUC variable. All 

models contained an interaction term to assess the effect of current PrEP use.   
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Results 

Demographics 

 Participant demographics and HIV testing history are reported in Table 3.1, 

stratified by CAI status. Overall the age groups were approximately evenly divided 

(45.3% age 18-24). Participants were mostly white (66.7%) or other/multiracial (17.7%). 

Similar to other online studies,55,119,120 the population was highly educated with 79.3% of 

participants reporting at least some college education. More than half (52.8%) of 

participants did not have a main partner. Most participants (73.2%) had ever been tested 

for HIV, a lower percentage than is typically observed in surveillance systems,121,122 and 

6.5% reported ever receiving a positive test. 60.6% reported 1-3 partners in the previous 

12 months. Overall, 7.1% of participants reported ever using PrEP with 4.8% reporting 

current use. Chi square tests indicated associations between CAI in the past 12 months 

and marital status (p = 0.0489), having a main partner (p < .0001), ever testing for HIV (p 

< .0001), number of partners reported (p < .0001), ever taking PrEP (p = .0075), and 

current PrEP use (p = .0386).  
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Table 3.1. Sample demographics, relationship characteristics, and HIV testing history 

overall and stratified by CAI in the past 12 months. 

  

Total 

(N=1,012) 

CAI Past 12 

months 

(N=691) 

No CAI Past 

12 months 

(N=321) 

Chi-

square p-

value2 

  N % N % N %   

Age           

18-24 458 45.3 305 44.1 153 47.7 0.2945 

25+ 554 54.7 386 55.9 168 52.3   

Race/Ethnicity           

Black 76 7.5 49 7.1 27 8.4 0.6424 

Hispanic 82 8.1 52 7.5 30 9.4   

White 675 66.7 467 67.6 208 64.8   

Other/Multiracial 179 17.7 123 17.8 56 17.5   

Education           

High school or less 209 20.7 135 19.5 74 23.1 0.1901 

At least some college 802 79.3 556 80.5 246 76.9   

Income           

<$15,000/year 260 29.0 175 27.8 85 31.8 0.2207 

≥$15,000/year 637 71.0 455 72.2 182 68.2   

Marital Status*           

Married/domestic partner 120 11.9 93 13.5 27 8.4 0.0489 

Widowed/Divorced/Separated 19 1.9 11 1.6 8 2.5   

Never married 872 86.3 587 85.0 285 89.1   

Main partner           

Yes 386 43.5 305 51.2 81 27.8 <.0001 

No 468 52.8 271 45.5 197 67.7   

Don't know 33 3.7 20 3.4 13 4.4   

Number of partners reported*            
1-3 607 60.6 374 54.1 233 75.2 <.0001 

4+ 394 39.4 317 45.9 77 24.8  
Ever tested for HIV*            

Yes 740 73.2 538 78.0 202 62.9 <.0001 

No 271 26.8 152 22.0 119 37.1  
Ever tested positive for HIV            

Yes 48 6.5 36 6.7 12 6.0 0.7423 

No 688 93.5 501 93.3 187 94.0  
Ever used PrEP        

Yes 61 7.1 51 8.7 10 3.7 0.0075 

No 799 92.9 536 91.3 263 96.3  

Currently using PrEP        
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Yes 41 4.8 34 5.8 7 2.6 0.0386 

No 819 95.2 553 94.2 266 97.4  

*Statistically significant at alpha = .05      
 

Distribution of Delay Discounting Variables 

 The distribution of the delay discounting variables is presented in Table 3.2. The 

log-transformed k value from the MCQ was approximately normal (mean = -4.63, s.d. = 

1.85). The AUC values for each condition in the SDT were highly skewed and clustered. 

A large proportion of men did not discount condom-protected sex at any delay across 

each condition. Specifically, 37.2%, 53.3%, 60.1%, and 43.7% of men had an AUC of 

1.0 in the MOSTSEX, LEASTSEX, MOSTSTI, and LEASTSTI conditions, respectively, 

indicating no discounting of condom-protected sex. That is, the reported likelihood of 

using a condom was not affected by time. For some participants, this was due to reporting 

100% probability of using a condom at each delay. Other participants did not indicate a 

preference for consistent condom use, however, their preference for condoms (e.g., 50% 

likelihood of condom use) was unaffected by time.  

Table 3.2. Distribution of delay discounting variables 

Monetary Delay Discounting 

 Mean Median 

Standard 

Deviation      

lnk -4.53 -4.63 1.85      

Sexual Delay Discounting 

 MOSTSEX LEASTSEX MOSTSTI LEASTSTI 

 N % N % N % N % 

0 < AUC ≤ 0.25 132 22.1 48 7.4 32 4.5 87 14.2 

0.25 < AUC ≤ 0.50 62 10.4 34 5.2 24 3.4 59 9.6 

0.50 < AUC ≤ 0.75 76 12.7 68 10.5 56 7.8 70 11.4 

0.75 < AUC < 1.00 105 17.6 153 23.6 173 24.2 129 21.0 

AUC = 1.00 222 37.2 346 53.3 429 60.1 268 43.7 
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Effect of Age Group 

 Adjusted prevalence differences of CAI for each one-unit change in the log-

transformed k value are presented in Table 3.3. There was no association between 

increasing monetary delay discounting and prevalence of CAI in the past 12 months for 

either age group. Having 1-3 sexual partners in the previous 12 months was associated 

with a 16% lower prevalence of CAI compared to those with 4 or more sexual partners.  

Table 3.3. Adjusted prevalence differences for CAI and monetary delay discounting. 

 PD 95% CI p-value 

lnk, one-unit increase    
Age 18-24 -0.003 (-.030, 0.024) 0.8435 

Age 25+ -0.001 (-0.023, 

0.021) 

0.9312 

Poverty 
   

Yes -0.02 (-0.09, 0.05) 0.5695 

No Ref   
Education    

At least some college 0.02 (-0.06, 0.11) 0.6244 

High School or less Ref   
Number of Partners 

   

1-3 -0.16 (-0.22, -.10) <.0001 

4+ Ref 
  

*Binomial regression 
  

 

 Adjusted prevalence differences for the categorized AUC values stratified by age 

group are presented in Table 3.4. The interaction between age group and delay 

discounting was not statistically significant for any of the conditions, but prevalence 

differences for CAI in the past 12 months were generally higher among men age 18-24 

compared to men age 25 and older, particularly in the category corresponding to the 

steepest discounting of condom-protected sex. In general, CAI prevalence differences 
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increased as sexual delay discounting increased. For the MOSTSEX condition, among 

those age 18-24, there was a 39% higher prevalence of CAI in the past 12 months among 

those with an AUC between 0.00 and 0.25 compared to those with AUC of 1.00; for the 

same comparison among those age 25 and older the prevalence difference was 25%. 

Among those 18-24 in the MOSTSEX condition, prevalence differences were 0.28 (0.08-

0.49), 0.13 (-0.09, 0.36), and 0.17 (-0.03, 0.36) across categories of increasing AUC (i.e., 

less discounting). These same prevalence differences were less consistent among those 

age 25 and older. Across categories of increasing AUC for those age 25 and older in the 

MOSTSEX condition, prevalence differences were 0.04 (-0.16, 0.23), 0.22 (0.05, 0.38), 

and 0.04 (-0.12, 0.20). Results for the other three conditions were generally similar with 

more consistent trends in prevalence differences observed among the younger compared 

to older age group.
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Table 3.4. Adjusted prevalence differences for CAI and each condition of the SDT by category, stratified by age group. 

 MOSTSEX LEASTSEX MOSTSTI LEASTSTI 

 PD (95% CI) 

p-

value PD (95% CI) 

p-

value PD (95% CI) 

p-

value PD (95% CI) 

p-

value 

Age 18-24 AUC         

0.0 ≤ AUC ≤ 25.0 0.39 (0.25, 0.53) <.0001 0.23 (0.03, 0.43) 0.0252 0.30 (0.09, 0.52) 0.0059 0.35 (0.21, 0.50) <.0001 

25.0 < AUC ≤ 50.0 0.28 (0.08, 0.49) 0.0057 0.25 (0.06, 0.45) 0.0114 0.20 (-0.03, 0.43) 0.0874 0.28 (0.09, 0.47) 0.0036 

50.0 < AUC ≤ 75.0 0.13 (-0.09, 0.36) 0.2495 0.21 (0.03, 0.39) 0.0246 0.18 (-0.02, 0.37) 0.0794 0.14 (-0.10, 0.38) 0.2483 

75.0 < AUC < 1.0 0.17 (-0.03, 0.36) 0.0936 0.19 (0.05, 0.34) 0.0085 0.19 (0.05, 0.32) 0.0079 0.09 (-0.07, 0.26) 0.2715 

1.0 Ref   Ref   Ref   Ref   
Age 25+ AUC         

0.0 ≤ AUC ≤ 25.0 0.25 (0.12, 0.37) 0.0001 0.29 (0.14, 0.44) 0.0001 0.22 (0.06, 0.38) 0.0082 0.27 (0.14, 0.39) <.0001 

25.0 < AUC ≤ 50.0 0.04 (-0.16, 0.23) 0.7195 0.28 (0.10, 0.46) 0.0025 0.32 (0.23, 0.40) <.0001 0.12 (-0.06, 0.30) 0.1897 

50.0 < AUC ≤ 75.0 0.22 (0.05, 0.38) 0.009 0.08 (-0.12, 0.27) 0.448 0.06 (-0.13, 0.25) 0.5369 0.01 (-0.16, 0.18) 0.8995 

75.0 < AUC < 1.0 0.04 (-0.12, 0.20) 0.6068 0.05 (-0.07, 0.18) 0.3998 0.01 (-0.11, 0.13) 0.8993 0.04 (-0.12, 0.19) 0.6464 

1.0 Ref   Ref   Ref   Ref   
Poverty         

Yes -0.07 (-0.17, 0.03) 0.1545 -0.04 (-0.14, 0.05) 0.3395 -0.07 (-0.16, 0.01) 0.101 -0.07 (-0.17, 0.03) 0.1726 

No Ref   Ref   Ref   Ref   
Education          

Some college 0.12 (0.00, 0.23) 0.0423 0.04 (-0.07, 0.15) 0.4612 0.04 (-0.07, 0.14) 0.4735 0.06 (-0.05, 0.18) 0.2718 

High School or less Ref   Ref   Ref   Ref   
Number of Partners         

1-3 -0.14 (-0.22, -0.05) 0.0015 -0.18 (-0.25, -0.10) <.0001 -0.2 (-0.27, -0.13) <.0001 -0.15 (-0.23, -0.07) 0.0003 

4+ Ref   Ref   Ref   Ref   
*Poisson regression with robust variances       
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 Adjusted prevalence differences for the dichotomized sexual delay discounting 

variable are presented in Table 3.5. As with the categorized delay discounting there was 

not a statistically significant interaction of age with delay discounting. However, 

prevalence differences were stronger for younger compared to older men across all four 

SDT conditions. Among men age 18-24 in the MOSTSEX condition, there was a 27% 

higher prevalence of CAI comparing those who discounted condom-protected sex 

compared to those who did not. Among men age 25 and older, the prevalence of CAI was 

15% higher among men discounting condom-protected sex in the MOSTSEX condition 

compared to those who did not.
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Table 3.5. Adjusted prevalence differences for CAI and any discounting on the SDT, stratified by age group. 

 MOSTSEX LEASTSEX MOSTSTI LEASTSTI 

 PD (95% CI) 
p-

value PD (95% CI) 
p-

value PD (95% CI) 
p-

value PD (95% CI) 
p-

value 

Any Discounting         

Age 18-24 0.27 (0.06, 0.47) 0.0112 0.21 (0.01, 0.42) 0.0447 0.20 (-0.01, 0.41) 0.0648 0.21 (0.01, 0.41) 0.0419 
Age 25+ 0.15 (-0.03, 0.34) 0.1024 0.12 (-0.05, 0.30) 0.1677 0.06 (-0.11, 0.24) 0.4857 0.10 (-0.08, 0.29) 0.2818 

Poverty         

Yes -0.08 (-0.24, 0.07) 0.3089 -0.05 (-0.20, 0.10) 0.5325 -0.08 (-0.23, 0.06) 0.2614 -0.08 (-0.24, 0.08) 0.3264 
No Ref  Ref  Ref  Ref  

Education         

Some college 0.11 (-0.06, 0.29) 0.2090 0.05 (-0.13, 0.23) 0.5938 0.04 (-0.13, 0.21) 0.6473 0.07 (-0.11, 0.25) 0.4554 
High School or less Ref  Ref  Ref  Ref  

Number of Partners         

1-3 0.27 (0.13, 0.40) 0.0580 -0.17 (-0.31, -0.03) 0.0161 -0.20 (-0.34, -0.06) 0.0038 -0.16 (-0.30, -0.01) 0.0345 
4+ Ref  Ref  Ref  Ref  

*Binomial regression        
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Effect of Current PrEP Use 

 Adjusted prevalence differences for the dichotomized SDT AUC are presented in 

Table 3.6. Across all SDT conditions, there was higher prevalence of CAI in the past 12 

months among those that exhibited any discounting of condom-protected sex compared 

to those that did not. The prevalence differences were higher among men who were 

currently on PrEP compared to those who were not, however the effect of PrEP on 

prevalence differences was only statistically significant for the MOSTSEX condition. In 

this condition, the prevalence difference for men currently on PrEP was 0.50 (0.30, 0.70) 

compared to 0.19 (0.10, 0.29) for men who were not currently on PrEP.
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Table 3.6. Adjusted prevalence differences for CAI and each condition of the SDT by category, stratified by current PrEP use. 

 MOSTSEX* LEASTSEX MOSTSTI LEASTSTI 

 PD (95% CI) p-value PD (95% CI) p-value PD (95% CI) p-value PD (95% CI) p-value 

Any Discounting         

Current PrEP Use 0.50 (0.30, 0.70) <.0001 0.32 (0.05, 0.59) 0.0221 0.23 (0.02, 0.45) 0.0338 0.29 (-0.01, 0.59) 0.0612 

Not using PrEP 0.19 (0.10, 0.29) <.0001 0.15 (0.06, 0.23) 0.0008 0.12 (0.04, 0.21) 0.0041 0.17 (0.08, 0.26) 0.0002 

Age         

18-24 -0.06 (-0.16, 0.04) 0.2381 -0.02 (-0.11, 0.07) 0.6330 -0.03 (-0.12, 0.06) 0.5429 -0.07 (-0.17, 0.02) 0.1235 

25+ Ref  Ref  Ref  Ref  
Poverty         

Yes -0.11 (-0.22, 0.00) 0.0542 -0.05 (-0.15, 0.06) 0.3738 -0.08 (-0.18, 0.02) 0.1001 -0.08 (-0.19, 0.03) 0.1582 

No Ref  Ref  Ref  Ref  
Education         

At least some college 0.15 (0.03, 0.27) 0.0119 0.08 (-0.04, 0.20) 0.2110 0.09 (-0.03, 0.20) 0.1471 0.12 (0.00, 0.25) 0.0480 

High School or less Ref  Ref  Ref  Ref  
Number of Partners         

1-3 -0.18 (-0.27, -0.09) <.0001 -0.18 (-0.26, -0.09) <.0001 -0.22 (-0.30, -0.14) <.0001 -0.18 (-0.27, -0.09) <.0001 

4+ Ref  Ref  Ref  Ref  
Poisson regression with robust variances; *Effect of current PrEP use statistically significant 
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Discussion 

 We examined the association between monetary and sexual delay discounting and 

risky sexual behavior in an Internet-based, cross-sectional sample of MSM. We did not 

observe an association between monetary discounting and CAI; however, all conditions 

of the SDT were associated with higher prevalence of CAI. There was no statistically 

significant effect of age on the association between discounting of condom-protected sex 

and CAI; however, there was an effect of current PrEP use. In the MOSTSEX condition, 

larger prevalence differences were observed comparing men who discounted condom-

protected sex to those who do not among men currently on PrEP compared to men not on 

PrEP.  

In a previous online study of MSM, monetary delay discounting was found to be 

associated with CAI55, and this association was found to be age dependent56. The results 

of the current study suggest that monetary discounting is not associated with CAI. This is 

consistent with previous findings that sexual and monetary discounting are not associated 

(ref Aim 1 – under review). Multiple studies have previously demonstrated an association 

between monetary delay discounting and impulsive health-related behaviors (e.g., 

substance use and abuse)28,31,34,39,40 and health states that are often the result of impulsive 

behaviors (e.g., obesity)41,85. In this sense, monetary delay discounting tasks have served 

as general indicators of an individual’s tendency to behave impulsively. The current 

results indicate that impulsivity evident on a monetary task may not translate to sex-

specific impulsivity. The lack of association between monetary discounting and sexual 

behavior may reflect fundamental differences in the decision-making processes that are 

involved in each behavior. Monetary discounting tasks assess preference for specific 
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quantities of money available at given delays. In comparison, the SDT measures 

preferences for condom use, a qualitative outcome, with a variety of short-term (e.g., 

pleasure) and long-term (e.g., avoidance of STIs) consequences associated with it. 

Continued investigation is needed in light of the discrepant results across studies.  

The effects of age or PrEP administration on the association between sexual delay 

discounting and CAI have not previously been reported. Although the prevalence 

differences for CAI were generally stronger among younger MSM, this effect was not 

statistically significant. In contrast, current PrEP usage had a synergistic effect with 

sexual discounting in the MOSTSEX condition. No effect of PrEP usage was observed 

across the other three SDT conditions. It is important to note that PrEP only protects 

against HIV, not other STIs. Thus, if men who discount condom-protected sex are more 

likely to engage in CAI when taking PrEP, this may result in increased STI transmission.  

Few studies have assessed the effects of delay discounting on sexual risk-taking 

among MSM, even though this population is disproportionately impacted by the HIV 

epidemic. Prior to this study, Herrmann et al.49 conducted the only study to specifically 

assessing sexual delay discounting in MSM. Although they reported an association 

between discounting on the SDT and CAI, their study sample was relatively small, 

almost exclusively Caucasian, and was obtained via MTurk. It is not clear to what degree 

MSM on MTurk are representative of other Internet-using MSM or MSM in general; 

participants recruited via Facebook have been shown to be similar to those recruited via 

venue-based sampling98. Further, the authors specified that they were seeking MSM in 

the recruitment posting on MTurk, potentially incentivizing participants to be dishonest 

about their sexual history in order to qualify to complete the task. Herrmann et al. did 
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assess multiple sexual behavior outcomes; however, they did not assess potential 

modifying effects of age or PrEP usage.  

Based on the results of the current study it is unclear whether developmental age 

modifies the association between sexual delay discounting and CAI. Based on tests of 

statistical significance, there was no interaction of age with delay discounting to increase 

the prevalence of CAI. The prevalence differences among young MSM, however, were 

consistently larger than those among older MSM. Thus, the current study might have 

been underpowered to observe a statistically significant interaction.  

The modifying effect of PrEP usage on the association between sexual delay 

discounting and CAI may be important. There has been much concern that PrEP 

implementation will be accompanied with risk compensation in which individuals are 

willing to engage in riskier behaviors because they feel protected from harm123,124. That 

is, taking PrEP might provide a rationale to engage in CAI even though a combination of 

PrEP and condom usage is much more effective in preventing HIV transmission105. The 

observation that men on PrEP who discounted condom-protected sex in the MOSTSEX 

condition had higher CAI prevalence differences compared to men not on PrEP suggests 

that men might be increasing their risk because they are on PrEP, at least in the context of 

a man they find very attractive. That is, partner type may affect the extent to which a 

PrEP-user discounts condom-protected sex. The lack of a statistically significant effect of 

PrEP on the other SDT conditions might indicate insufficient power to detect an effect or 

reflect the qualitative differences, such as considerations of STI risk, across the 

conditions.  
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 CAI is a common outcome and was reported by 68% of the study sample. 

Although 42% only reported CAI with a main partner, CAI in main partnerships 

continues to carry risk in the context of concurrency125 and undiagnosed HIV108. The high 

prevalence of CAI indicates that there is a need for additional prevention interventions to 

reduce sexual risk-taking and reduce transmission of HIV and other STIs. Future studies 

should also consider more specific risk behaviors, such as CAI with a serodiscordant 

partner. Partner- and sex-position-specific characteristics affect the probability of 

transmission of HIV in a given sexual encounter. It may be the case that men willing to 

engage in CAI with a serodiscordant or serostatus unknown partner have higher discount 

rates compared to men who exclusively engage in CAI with seroconcordant partners.  

The results of the current study indicate that sexual, but not monetary, delay 

discounting tasks might serve as an indicator of sexual risk. Further, to the extent that 

sexual delay discounting is modifiable, discount rates might serve as either a target for 

HIV prevention interventions or as an immediately measurable indicator of the 

effectiveness of risk reduction interventions that target decision-making processes. Future 

studies should continue to explore the nature of the relationship between sexual delay 

discounting and CAI as well as adapt methods from substance abuse interventions66,67 to 

assess the feasibility of developing interventions based on sexual delay discounting to 

reduce CAI. 
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Chapter 4: Estimating the Potential Impact of a Delay Discounting Intervention to 

Reduce HIV Transmission Using Agent-Based Modeling 

Introduction 

Multiple authors have noted the need for combination HIV prevention, consisting 

of interventions at the individual and structural levels, to have the greatest impact on HIV 

incidence in the United States5,6,126. Despite the effectiveness of biomedical interventions 

such as pre-exposure prophylaxis (PrEP)14 and treatment as prevention (TasP)12, 

modeling studies indicate that these interventions alone will not be sufficient to curb the 

epidemic6,78. Behavioral interventions designed to increase condom use, HIV testing, 

and/or discussions about serostatus may be needed to reduce HIV transmission. 

Historically, behavioral interventions in isolation have had no or modest effects on 

condomless anal intercourse (CAI)6,21,127, highlighting the challenge of developing these 

types of interventions as sole modalities.  However, behavioral interventions may 

enhance the impact of biomedical interventions78.  

 Exploring new behavioral determinants of sexual risk-taking may provide new 

targets to form the basis for the development of novel behavioral prevention 

interventions. Delay discounting is a measure of impulsivity that describes the tendency 

for people to place less value on consequences that occur in the future82. Delay 

discounting has been frequently shown to be associated with substance use and 

abuse28,31,34,39,40 and other health-related behaviors41,85. Emerging evidence suggests that 

delay discounting is also associated with sexual behavior51,52,87, including sexual risk-

taking47-50,55,56. In terms of sexual risk-taking, delay discounting has most frequently been 

conceived as the choice to have sex without a condom in lieu of waiting a period of time 
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until a condom is available47. This suggests that to the extent that delay discounting is 

modifiable, an intervention that targets delay discounting might decrease CAI. 

 Although interventions targeting delay discounting in relation to sexual behavior 

have not yet been developed, delay discounting interventions have been developed with 

other behavioral targets. Delay discounting of monetary outcomes has been shown to be 

reduced following money management interventions67. Episodic future thinking has been 

shown to reduce delay discounting of money and cigarette smoking in a laboratory 

model128. These results suggest that it might be feasible to develop interventions targeting 

delay discounting that will have an effect on sexual risk-taking. However, it is unclear 

what the overall population-level effect of such an intervention may have on sexual risk-

taking and the incidence of HIV. 

 Dynamic network modeling methods are useful for the investigation of the effects 

of disease- and behavior-related phenomena on infectious disease transmission through a 

population. Dynamic network models are based on separable temporal exponential-

family random graph models (STERGMs).75 STERGMs extend ERGMs, which form the 

basis for modeling the connections (i.e., edges) between members of a network, so that 

network configurations can be simulated over time. Nodes are assigned attributes that 

affect edge formation and edges are preserved over time. Edge formation and dissolution 

occur independently of each other within each time-step. These models allow for the 

behavior and disease status of individual nodes to be tracked over time. Networks can 

also be constrained, for example by limiting the number of concurrent partnerships, so 

that the structure reflects network structures observed empirically. The current study uses 
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a network model to estimate the impact of a hypothetical delay discounting HIV 

prevention intervention to reduce HIV by increasing condom use.  

 The current study has two primary goals. First, we aim to estimate the potential 

impact of an intervention targeting delay discounting on the incidence of HIV within a 

network of sexually active MSM. Second, we highlight this use of network models to 

inform decision-making about the potential impact of a research program. 
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Methods 

Base Model 

 We adapted a previously described79 stochastic, agent-based network model of 

HIV transmission in an open population of MSM that builds on models designed to 

assess racial disparities in HIV incidence among MSM in the United States103. These 

models were developed with the EpiModel software platform (www.epimodel.org), 

which depends on the statistical framework of temporal exponential random graph 

models (ERGM)76 to simulate dynamic networks, here of sexual partnerships over time. 

 Briefly, the model was initialized with 10,000 nodes age 18-39. Sexual 

relationships can be formed as main partnerships; casual, ongoing partnerships; or 

instantaneous (i.e., one-off) partnerships. ERGM model terms controlled the predictors of 

partnership formation uniquely for each partnership type, with interaction terms 

controlled the total degree (number of ongoing partnerships across types). Behavior 

within partnerships, such as coital frequency and condom use, was a function of 

partnership type and other factors such as disease discordant status. HIV transmission 

rates within discordant partnerships were heterogeneous by HIV viral load, awareness of 

infection, treatment status, and sexual position. PrEP as a method of HIV prevention is 

available in the model; however, PrEP use was not included in the current study in order 

to isolate the effects of modifications to the delay discounting intervention. Behavioral 

components of the model were parameterized using data collected in two cohort studies 

of black and white MSM in Atlanta, GA.129,130 More details about the model are provided 

in Appendix B. 

Delay Discounting Parameter Estimation 

http://www.epimodel.org)/
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 Delay discounting was modeled as a dichotomous no-discounting versus any-

discounting individual-level attribute. Based on findings from a recent discounting survey 

in MSM, delay discounting was hypothesized to affect condom use probability in casual 

and one-off sexual partnerships but not main partnerships. Consistent with that empirical 

study, we classified 63% of men in the model as exhibiting delay discounting of condom 

use. In the prior models79,103, per-act condom use probabilities were 26% and 27% for 

casual and one-off partnerships, respectively129. In this study, we added heterogeneity in 

the per-act condom-use probability by delay discounting status. Given the prevalence 

ratio for CAI of 0.55 for delay discounters versus non-discounters observed in the online 

survey, and the distribution of delay discounting in the population, delay discounters 

were modeled as having a 20% and non-discounters a 36% per-act condom use 

probability across both casual and one-off partner types. Key parameters and sources for 

the current model are described in greater detail in Appendix C. 

 In the intervention scenarios, men were modeled as moving from the discounter 

category to the non-discounter category, thus changing their per-act probability of CAI. 

Men were eligible for this intervention if they were HIV-negative, were currently a 

discounter, and if they have had CAI with a casual or one-off partner in the previous six 

months. The probability of the intervention successfully changing a man’s discounting 

status was varied across three values (20%, 50%, and 90%) to estimate the impact of 

different levels of effectiveness. The intervention effect was assumed to wane 

stochastically with a probability of 1/52, resulting in an average duration of intervention 

effectiveness of one year. Once the intervention effect waned a man was reclassified as 
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delay discounting condom-protected sex, readopting his previous probability of per-act 

CAI with non-main partners, and was again eligible for intervention..  

Model Simulation 

 An initial 50-year burn-in model was simulated in order to obtain a steady state 

network with a target HIV prevalence of 26% in equilibrium, consistent with the 

estimated HIV prevalence in the source population130. The burn-in model served as a 

starting point for each of the intervention scenarios.  

Condom use was a dyad-level characteristic and dyads could consist of zero, one, 

or two delay discounters. Thus, in discounting-discordant partnerships the decision to use 

a condom could have been made by the discounter or the non-discounter. As a sensitivity 

analysis, we ran all simulations assuming that the discounter made the decision and again 

assuming the non-discounter made the decision.  

In the model, 22% and 33% of men were modeled as never having CAI with a 

casual or one-off partner, respectively129. It is unclear whether discounters would ever fall 

in the category of always using condoms with non-main partners; thus, two different 

assumptions about how delay discounting might affect these probabilities were 

investigated. In the first, consistent condom use could be assigned non-differentially to 

both delay discounters and non-discounters. In the second, consistent condom use with 

non-main partners was only assigned to non-discounters.  

Using the above assumptions, there were four total conditions that were assessed 

combining the assumptions about preferences for condom use and whether discounters 

could be assigned to always use condoms with casual and one-off partners (Table 4.1). In 

Condition 1, a proportion of discounters and non-discounters always used condoms with 
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non-main partners and discounters decided condom use; Condition 2 was identical except 

non-discounters decided condom use. In Condition 3, a proportion of non-discounters 

always used condoms with non-main partners (i.e., all discounters had CAI) and the 

discounter decided condom use; Condition 4 was identical except the non-discounters 

decided condom use. 

Table 4.1. Assumptions for four different model conditions testing the impact of which 

partner determines condom-use and whether delay discounters are eligible to be assigned 

to always use a condom with non-main partners.  

 Discounter decides condom use 

Delay discounters eligible to be assigned to 

always use a condom non-main partners 

Yes No 

Yes Condition 1 Condition 2 

No Condition 3 Condition 4 

 

Separate burn-in models were simulated for each of the four conditions with 

different rates of sexual activity as the calibration parameter to fit the model to the 

observed target prevalence statistic. All scenarios were simulated 50 times for 10 years. 

A simulation with no intervention implementation served as the control condition. 

Intervention scenarios were simulated for each combination of 20%, 50%, and 90% 

intervention coverage among eligible men with 20%, 50%, and 90% intervention 

effectiveness for a total of 9 intervention scenarios (Table 4.2) within each of the four 

conditions.  

Table 4.2. Coverage and effectiveness scenarios considered in a stochastic model of an 

intervention for delay discounting of condom-protected sex among US MSM.  

 Effectiveness 

Coverage 0% 20% 50% 90% 
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0% Reference1    

20%  Scenario 1 Scenario 2 Scenario 3 

50%  Scenario 4 Scenario 5 Scenario 6 

90%  Scenario 7 Scenario 8 Scenario 9 

1 A no-intervention model served as the reference for 9 different coverage/effectiveness 

combinations. 

 

Outcome Measures 

 The effect of the intervention was estimated at each combination of effectiveness 

and coverage using multiple epidemiological measures: HIV incidence rate and 

prevalence averaged over the final year of the time series and cumulative number and 

percent of infections averted over the ten-year time series relative to the no intervention 

base model. To calculate the number of infections averted, the mean cumulative 

incidence in the base, no-interaction scenario was subtracted from the mean cumulative 

incidence in a given intervention scenario. To calculate the percent of infections averted, 

the number of infections averted in a given scenario was divided by the mean cumulative 

incidence in the base scenario. All analyses were conducted in R 3.3.1 using the 

EpiModelHIV package.   
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Results 

Conditions 1 and 2 

The results of the scenarios in which some delay discounters always used condoms with 

casual or one-off partners (Conditions 1 and 2) are presented in Table 4.3. The reference 

(i.e., no intervention) models produced similar results in year 10 of the simulations of 

3.50 and 3.53 infections per 100 person-years in scenarios where the condom use was 

decided by the discounter and non-discounter, respectively. These incidence rates are 

similar to those observed in the source data.131 Modest reductions in incident infections 

were observed across the nine intervention coverage and effectiveness scenarios. The 

percent of infections averted ranged from 1.2% to 5.2% across the combinations of 

intervention coverage and effectiveness that were assessed. Across all scenarios, there 

were higher percentages of infections averted when the non-discounting partner decided 

condom use in discounting-discordant partnerships. When 90% of eligible participants 

were covered by an intervention assumed to be 90% effective, 4.1% and 4.9% of 

infections were averted when condom use was decided by the discounting partner and the 

non-discounting partner, respectively. After ten years of follow-up in intervention 

scenarios, slight reductions were observed in HIV prevalence and incidence rate for all 

scenarios. Reflecting the higher percentage of infections averted, larger decreases in 

prevalence after ten years were observed for the scenarios in which condom use was 

decided by the non-discounting partner. 
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Table 4.3. Prevalence, incidence per 100 person-years, percent of infections averted, and number of infections averted with 

95% credibility intervals for each coverage and effectiveness scenario for Conditions 1 and 2. 

 Prevalence (%) Incidencea PIA NIAb 

Scenario Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

No Intervention 
25.5 

(24.8, 26.5) 

25.7 

(24.5, 27.0) 

3.50 

(1.33, 6.04) 

3.53 

(1.33, 6.14) 

Ref Ref Ref Ref 

Scenario 1 
25.3 

(24.5, 26.3) 

25.1 

(23.8, 26.1) 

3.41 

(1.03, 6.44) 

3.43 

(1.06, 6.34) 

1.2 

(-2.6, 4.5) 

2.6 

(-2.1, 7.9) 

40 

(-88, 154) 

91 

(-72, 274) 

Scenario 2 
25.0  

(23.9, 26.3) 
24.9  

(23.7, 26.0) 
3.35  

(0.98, 6.33) 
3.34  

(0.99, 6.27) 
3.1  

(-2.1, 8.2) 
3.9 

(-0.4, 9.3) 
105 

(-73, 280) 
134 

(-13, 323) 

Scenario 3 
24.8 

(23.8, 25.9) 
24.7 

(23.5, 25.6) 
3.35 

(1.0, 6.21) 
3.31 

(0.87, 6.32) 
4.1 

(-0.2, 9.3) 
5.1 

(1.6, 9.9) 
142 

(-6, 318) 
176 

(57, 345) 

Scenario 4 
25.2 

(24.0, 26.2) 
25.1 

(23.8, 26.1) 
3.41 

(0.99, 6.39) 
3.37 

(0.98, 6.27) 
2.2 

(-2.7, 6.9) 
3.8 

(-0.7, 9.6) 
75 

(-92, 235) 
130 

(-24, 334) 

Scenario 5 
25.1 

(23.8, 26.4) 
24.8 

(23.9, 25.9) 
3.38 

(0.97, 6.52) 
3.29 

(0.97, 6.18) 
2.6 

(-2.3, 8.8) 
5.2 

(0.5, 9.0) 
90 

(-80, 300) 
182 

(17, 311) 

Scenario 6 
24.8 

(23.5, 26.1) 
24.7 

(23.5, 25.6) 
3.34 

(0.93, 6.27) 
3.37 

(0.99, 6.32) 
4.4 

(-2.1, 9.9) 
4.5 

(0.3, 9.3) 
151 

(-72, 337) 
157  

(11, 321) 

Scenario 7 
25.1  

(24.2, 26.6) 
24.9  

(23.8, 26.0) 
3.38  

(0.98, 6.41) 
3.33  

(0.94, 6.25) 
2.7  

(-3.4, 6.9) 
3.8  

(-1.1, 9.20) 
92  

(-116, 237) 
132  

(-38, 318) 

Scenario 8 
24.9  

(23.9, 25.8) 
24.7  

(23.7, 25.8) 
3.30  

(0.96, 6.25) 
3.28  

(0.91, 6.26) 
3.9  

(-0.6, 7.5) 
5.2  

(0.8, 9.9) 
132 

(-21, 257) 
178  

(27, 343) 

Scenario 9 
24.8  

(23.8, 25.8) 
24.7  

(23.7, 25.9) 
3.33  

(1.01, 6.27) 
3.32  

(1.01, 6.28) 
4.1 

(0.0, 8.6) 
4.9  

(-0.4, 10.0) 
142  

(-1, 294) 
168  

(-13, 347) 
aPer 100 person-years, bPer 100,000 person-years, cCondition in which discounters decided condom use, dCondition in which 

non-discounters decided condom use



75 

 Boxplots depicting the percentage of infections averted assuming 20% coverage 

at the three different simulated levels of effectiveness are presented in Figure 4.1. Under 

each level of effectiveness the impact of the intervention was greatest when non-

discounters decided condom use. This follows from the fact that non-discounters had 

higher per-act condom use probabilities. Thus, when non-discounters decided whether a 

condom was used there was more condom use overall in the population. The figure also 

demonstrates that there were a number of simulations in which there was no change from 

the no-intervention baseline scenario, highlighting the modest effect of the intervention 

under these assumptions. 

Figure 4.1. Percent of infections averted by Effectiveness and Prevailing Condom Use 

Probability, 20% Intervention Coverage in conditions where some discounters always 

used condoms.  

 

Percent of infections averted (PIA) at three different levels of effectiveness assuming 

20% of eligible men are enrolled in the intervention annually under the assumption that 

some delay discounters always use condoms with casual and one-off partners. Results are 
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presented for the condition in which the non-discounter controlled condom use 

probabilities (blue bars) and the discounter controlled condom-use probabilities (red bars) 

in delay-discounting discordant partnerships. The lines represent 1.5 times the 

interquartile range. 

 

Conditions 3 and 4 

 More robust intervention effects were observed in Conditions 3 and 4 (Table 4.4). 

In these scenarios, the proportion of the population using condoms 100% of the time 

increased as the proportion of non-discounting men increased. As above, incidence in the 

reference conditions was similar to the source data with 3.58 infections per 100 person-

years observed discounters determined condom use and 3.45 per 100 person-years when 

non-discounters determined condom use. The slight differences in these two rates reflect 

stochasticity and slight differences in initial prevalence in the two separate burn-in 

models. Consistent with the results discussed above, greater reductions in HIV infections 

were observed over the ten-year period when condom use was determined by the non-

discounting partner. Under the scenario with 90% coverage of eligible men and 90% 

intervention effectiveness, 12.1% and 14.4% of infections were averted over ten years 

when the condom use was decided by the discounting and non-discounting partner, 

respectively. Greater reductions in prevalence and incidence were observed under this 

assumption as well, with reductions in prevalence of up to 3 percentage points after ten 

years. 
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Table 4.4. Prevalence, incidence per 100 person-years, percent of infections averted, and number of infections averted with 95% 

credibility intervals for each coverage and effectiveness scenario for Conditions 1 and 2. 

 Prevalence (%) Incidencea PIA NIAb 

Scenario Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

Discounterc Non-

Discounterd 

No Intervention 
26.2  

(25.1, 27.2) 
25.5 

(24.3, 26.6) 
3.58  

(1.36, 6.14) 
3.45  

(1.25, 6.04) 

Ref Ref Ref Ref 

Scenario 1 
24.7  

(23.6, 25.9) 
23.8  

(22.8, 24.5) 
3.28  

(0.91, 6.22) 
3.07  

(0.84, 5.89) 
7.5  

(2.6, 11.8) 
9.1  

(6.1, 12.0) 
413  

(230, 558) 
315  

(210, 415) 

Scenario 2 
24.3  

(23.4, 25.2) 
23.4  

(22.4, 24.3) 
3.13  

(0.83, 5.98) 
3.01  

(0.79, 5.77) 
9.9  

(4.7, 13.7) 
11.6  

(8.4, 15.9) 
353  

(167, 488) 
404  

(291, 553) 

Scenario 3 
24.1  

(22.9, 25.2) 
23.2  

(22.2, 24.5) 
3.11  

(0.79, 6.00) 
2.98  

(0.81, 5.77) 
11.1  

(6.6, 15.3) 
12.1  

(7.2, 16.7) 
398  

(237, 546) 
418  

(248, 581) 

Scenario 4 
24.4  

(23.2, 25.6) 
23.5  

(22.5, 24.7) 
3.20  

(0.87, 6.04) 
3.03  

(0.82, 5.86) 
9.5  

(5.1, 15.2) 
10.8  

(6.6, 14.8) 
339  

(181, 544) 
374  

(229, 514) 

Scenario 5 
24.0  

(23.0, 25.1) 
23.1  

(21.9, 24.2) 
3.13  

(0.90, 5.87) 
2.92  

(0.71, 5.7) 
11.2  

(7.3, 15.3) 
13.1  

(9.0, 18.9) 
398  

(261, 546) 
453  

(313, 655) 

Scenario 6 
23.9  

(23.1, 25.0) 
22.9  

(21.8, 24.1) 
3.09  

(0.83, 5.93) 
2.92  

(0.74, 5.70) 
11.9  

(7.0, 15.4) 
14.1  

(10.2, 18.3) 
424  

(250, 549) 
488  

(352, 635) 

Scenario 7 
24.0  

(23.0, 25.1) 
23.2  

(22.5, 24.3) 
3.15  

(0.80, 6.08) 
2.94  

(0.79, 5.67) 
11.6  

(6.5, 15.6) 
12.4  

(8.6, 16.2) 
413  

(230, 558) 
430  

(298 ,562) 

Scenario 8 
23.8  

(23.0, 24.9) 
22.7  

(21.6, 23.7) 
3.04 

(0.78, 5.92) 
2.84  

(0.70, 5.56) 
12.3  

(8.1, 15.7) 
14.7  

(10.1, 19.5) 
439  

(290, 560) 
510  

(350, 676) 

Scenario 9 
23.9  

(22.8, 25.0) 
22.8  

(21.8, 23.9) 
3.07  

(0.8, 5.90) 
2.90  

(0.75, 5.58) 
12.1  

(7.4, 17.0) 
14.4  

(10.5, 19.1) 
431  

(265, 605) 
499  

(366, 661) 
aPer 100 person-years, bPer 100,000 person-years, cCondition in which discounters decided condom use, dCondition in which non-

discounters decided condom use 
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 Boxplots for these scenarios under the assumption of 20% coverage and the three 

levels of effectiveness are presented in Figure 4.2. The more robust effects of the 

intervention in these scenarios compared to Figure 4.1 is evident.  

Figure 4.2. Percent of infections averted by effectiveness and prevailing condom use 

probability assuming 20% efficacy in conditions where no discounters always used 

condoms. 

 

Percent of infections averted (PIA) at three different levels of effectiveness assuming 

20% of eligible men are enrolled in the intervention annually under the assumption that 

no delay discounters always use condoms with casual and one-off partners. Results are 

presented for the condition in which the non-discounter controlled condom use 

probabilities (blue bars) and the discounter controlled condom-use probabilities (red bars) 

in delay-discounting discordant partnerships. The lines represent 1.5 times the 

interquartile range. 

 

The reduced incidence in Conditions 3 and 4 compared to Conditions 1 and 2 reflects the 

fact that the effect of the intervention has a greater impact in the former. This is because 
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in Conditions 3 and 4 all discounters engage in CAI with non-main partners, whereas in 

Conditions 1 and 2 some discounters always used condoms with non-main partners. In 

Conditions 3 and 4, the intervention has the effect of increasing per-act condom use from 

20% to 36% for some men and for others condom use is increased to 100%. In 

Conditions 1 and 2, some discounters always use condoms with non-main partners; thus, 

the behavior of these men is not changed by the intervention.  
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Discussion 

 In this study we found that a stand-alone hypothetical behavioral intervention 

targeting delay discounting of condom-protected sex among sexually active MSM could 

avert up to 14% of infections over 10 years. Delay discounting has previously been 

shown to be associated with CAI in this population49,55,56. Currently there are no 

interventions available to reduce delay discounting of condom-protected sex. However, 

there are behavioral interventions that have been developed to target delay discounting in 

other domains (e.g., money67). The goal of this study was to demonstrate a range of 

possible outcomes of such an intervention to reduce CAI and, therefore, HIV 

transmission in order to inform decisions regarding research priorities.  

 We explored a variety of assumptions about the impact of delay discounting on 

condom use under varying levels of intervention coverage and effectiveness. Variations 

in the conditions and scenarios in our model resulted in differences in the effectiveness of 

the hypothetical intervention to reduce HIV incidence. Under all assumptions, a high 

level of coverage and effectiveness resulted in at least 4% of infections averted over a ten 

year period, with as many as 14.4% of infections averted under the most effective 

scenario. The magnitude of the intervention effect was largely influenced by the 

assumption determining whether some delay-discounting men used condoms 100% of the 

time with non-main partners, with larger proportions of infections averted when the only 

men who used condoms consistently were non-discounters (Conditions 3 and 4).  The 

somewhat modest impact of the intervention reflects the modest change in per-act 

condom use probability that was assumed for discounters (20%) compared to non-

discounters (36%). Alterations to these estimates based on additional data would result in 
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greater effects if the discrepancy in condom use were estimated to be larger or lesser 

effects if the discrepancy were estimated to be smaller. 

 These results represent a range of possible effects of a behavioral intervention 

targeting delay discounting. We varied two different characteristics related to condom 

use. First, delay discounting is an individual characteristic but condom use occurs at the 

level of the dyad. In partnerships in which one partner discounts delayed condom-use and 

the other partner does not, it is unclear which partner will decide whether to use a 

condom. Thus, we simulated the models under the assumption that the discounter decides 

as well as the assumption that the non-discounter decides. As expected, a greater number 

of infections were averted in the conditions where the non-discounter decided because 

these individuals were more likely to use condoms.  

Second, based on the sexual behavior data that informed the development of the initial 

network model79, 22% of men always use condoms with casual partners and 33% always 

use condoms with one-off partners. It is unclear what role delay discounting should play 

with respect to these probabilities. Although men who discount delayed sex are more 

likely to engage in CAI this does not mean there are not men who are discounters but 

who nonetheless always use condoms in these situations. Thus, to further assess the range 

of possible outcomes, we modeled ten-year outcomes assuming that some discounters do 

use condoms 100% of the time with casual and one-off partners (Conditions 1 and 2) and 

assuming that only non-discounters do (Conditions 3 and 4). In the latter situation the 

intervention has a greater impact because some men who stop discounting delayed sex 

start using condoms 100% of the time with casual and one-off partners. 
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Additional studies would be beneficial to better parameterize the current model with 

respect to the effects of delay discounting. Per-act condom use was estimated in the 

current study based on 12-month prevalence of CAI among discounters and non-

discounters. Future studies should investigate whether per-act condom use is similar to 

the parameters assumed in the current study. Additional studies could investigate mixing 

patterns to determine if there is random mixing between discounters and non-discounters 

in sexual partnerships. Further, among those partnerships in which one partner discounts 

and the other does not, it would be helpful to study if one partner has more influence 

regarding condom use decisions or if condom use in such partnerships is some average of 

the two. Finally, additional research would be useful in assessing whether there are 

discounters who always use condoms with non-main partners.  

In order to isolate the effects of a hypothetical intervention, other HIV prevention 

interventions were not implemented in the scenarios that were assessed. For example, 

PrEP implementation is available in the model and would be available in any real world 

scenario in which a behavioral intervention is implemented. Thus, the present results do 

not specifically indicate the expected decrease in incidence that would occur over and 

above existing combination HIV prevention. However, condom use promotion is a 

necessary component of combination prevention interventions78 and an important next 

step will be to model the delay discounting intervention in the context of combination 

prevention. The association between discounting of condom-protected sex and PrEP use 

will need to be considered. For example, men who discount condom-protected sex may 

be more likely to initiate PrEP or PrEP use may increase the degree to which men 

discount. 
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 This study has limitations. The current model assumes random mixing based on 

delay discounting status. It is unclear whether this is appropriate or if men who discount 

condom protected sex would be more likely to be in partnerships with each other. For 

example, if men who are more likely to take sexual risks are also more likely to enter into 

casual or one-off partnerships then this might affect the impact of the intervention. 

However, any impact would likely be minimal given that non-random mixing by delay 

discounting status would be unlikely to be much less extreme than mixing by other 

characteristics such as race or age. The intervention effects in the context of non-random 

mixing would likely be between those observed in the conditions in which the discounter 

decides condom use and those in which the non-discounter decides. This is because the 

lower rates of condom use in partnerships between delay discounters would be offset by 

the increased proportion of non-discounter-concordant partnerships when the intervention 

is implemented. 

Other variables, such as substance use, that are associated with both delay discounting132 

and sexual risk-taking133,134 are not available in the model. Therefore, we are unable to 

assess effect modification or mediation of effect based on some potentially important 

variables. Substance use is associated with a greater likelihood of having serodiscordant 

CAI135 and is also associated with delay discounting. Targeting an intervention to men 

who discount condom-protected sex might result in identification of men with more risk 

behaviors than average. If that is the case then the current results are biased toward the 

null and the effect of the intervention would be expected to be greater in practice. Future 

studies should investigate how delay discounting affects other behaviors associated with 

HIV risk, such as serostatus disclosure and adherence to PrEP. It is possible that 
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discounting delayed consequences might affect adherence to medications, including 

preventive regimens such as PrEP. Thus, discounting status might be an important 

consideration in determining whether a patient needs additional resources to promote 

adherence. 

Finally, many of the sexual behavior parameters in the model were derived from two 

studies conducted in Atlanta, Georgia and the delay discounting parameters were 

estimated from a separate study conducted online using a national sample of MSM. Thus, 

the delay discounting parameters were not derived from the same population as the rest of 

the model parameters. It is possible that the delay discounting characteristics of the 

Atlanta study cohorts differed from those of the online survey. Participants in the delay 

discounting survey were recruited via Facebook advertisements; the generalizability of 

these results to populations beyond Facebook-using MSM is also questionable.  

 This study highlights the utility of stochastic network models to inform HIV 

prevention research priorities. Using cross-sectional data to estimate the association of 

delay discounting with sexual risk-taking, we were able to estimate the potential 

effectiveness of an intervention at the population level. Leveraging the existing resource 

of a network model to answer additional questions provides invaluable insight for 

planning future research programs. Overall, the results of this study suggest that further 

research into the association of delay discounting with CAI and a risk-reduction 

intervention targeting delay discounting may have a meaningful impact on condom use 

and HIV incidence among MSM. Notably, a modeling study of combination HIV 

prevention found that a 15% reduction in CAI, comparable to that modeled in the current 

study, in combination with increases in PrEP use, HIV testing, and treatment of HIV-
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infected men would result in a total reduction of 34% of infections over five years78. 

Thus, the current results suggest that an intervention that could reduce delay discounting 

would be a valuable contribution to combination HIV prevention efforts.  
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Chapter 5: Conclusions and Public Health Implications 

The goal of this dissertation was to assess the role of two types of delay 

discounting in sexual risk behavior among MSM: monetary delay discounting and sexual 

delay discounting. Monetary delay discounting, although specific to financial behavior 

and decision-making, has been used in the literature as a general measure of delay 

discounting that has been related to impulsive behavior in multiple health domains. 

Sexual delay discounting assesses impulsive decision-making and behavior specific to 

sexual behavior. In the current studies, sexual impulsivity is operationalized as the degree 

to which an individual is willing to wait for a condom to be available.   

To the extent that delay discounting was found to be associated with sexual risk-

taking, the goal was to further assess the role that delay discounting may play in HIV 

transmission among MSM in the United States. Behavioral HIV prevention interventions 

designed to decrease CAI have historically demonstrated limited effectiveness.6 

Biomedical interventions such as TasP and PrEP have been demonstrated to be highly 

effective; however, they will not be sufficient in isolation to end the epidemic of HIV 

among MSM.5,78,126 Behavioral interventions designed to increase condom use are also an 

important component of combination HIV prevention.78 

 Delay discounting represents a new exposure within HIV epidemiology that may 

serve as an indicator for propensity to engage in risky sexual behavior and/or as a 

potential target for novel behavioral prevention interventions. This dissertation, therefore, 

contributes to the empirical basis for future investigations into the role of delay 

discounting in risky sexual behavior and HIV transmission. In this chapter, we review the 
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major contributions of this dissertation followed by a discussion of innovations, public 

health implications, and future research directions.   

Review of Major Findings 

 In Aim 1, we assessed the concordance between two types of delay discounting – 

monetary and sexual. Numerous previous studies have assessed monetary delay 

discounting in isolation and its association with health and behavioral 

outcomes28,29,31,34,39,40,88,89,136; fewer studies have assessed sexual delay discounting47-

53,87,90,92,137, and fewer still have assessed both in the same individuals47,48,52,91,92. Further, 

previous studies tend to be relatively small and many analyzed the discounting data using 

data transformations that might not be justifiable. Using an Internet-based sample of 

MSM, we found that there was no association between monetary and sexual delay 

discounting. This suggests that monetary delay discounting may not be an appropriate 

measure of propensity to engage in risky sexual behavior. This result stands in contrast to 

impulsive behavior in other domains, such as substance use and abuse, in which 

monetary delay discounting is related to non-economic outcomes. Further, we 

demonstrated that, at least in our study sample, the rank transformations that have been 

applied to sexual delay discounting data by other authors are inappropriate given the 

significant amount of clustering that was observed.  

 In Aim 2, we assessed the association between monetary and sexual delay 

discounting and risky sexual behavior, operationalized as CAI in the past 12 months. 

Further, we examined modifications of these association by age group and PrEP use. 

Adjusting for poverty, education, and number of partners reported, there was no 

association observed between monetary delay discounting and CAI. An association was 
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observed between sexual delay discounting and CAI. Although a statistical interaction 

was not observed, the association tended to be stronger in younger MSM compared to 

older MSM. Differences were observed based on the condition of the SDT. The four 

conditions on the SDT were the men the participant would most (MOSTSEX) and least 

(LEASTSEX) like to have sex with and the men the participant thought was most 

(MOSTSTI) and least (LEASTSTI) likely to have a STI. The association between sexual 

discounting and CAI was consistently higher in current PrEP users compared to non-

users; however, the interaction was only statistically significant for the MOSTSEX 

condition. These data are from a cross-sectional survey, so it is not possible to determine 

whether PrEP use is the cause of higher prevalence of CAI or whether men are on PrEP 

because they are more likely to engage in sexual risk behavior.  

 In Aim 3, we assessed the potential impact of a hypothetical delay discounting 

intervention on HIV incidence in a virtual population. We used dynamic networks to 

model the expected rates of HIV incidence in a population with delay discounting 

characteristics derived from the survey data used for Aims 1 and 2. There are currently no 

interventions available that target sexual delay discounting, although interventions 

targeting delay discounting in other domains have been demonstrated to be efficacious. 

Using dynamic network models allowed us to explore the effect of varying levels of 

intervention coverage and effectiveness to inform the potential for a delay discounting 

intervention to reduce HIV incidence in an open population of MSM. Overall, the percent 

of infections averted in a scenario with 90% of eligible participants enrolled to receive an 

intervention that is 90% effective ranged from 4.1% to 14.4%. This reduction is modest; 

however, in combination with existing HIV prevention interventions it could lead to a 
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meaningful decrease in HIV incidence over and above that achieved by current public 

health efforts. Future modeling studies should explore delay discounting interventions in 

the context of combination prevention efforts as well as delay discounting interventions 

that are targeted to the highest risk men. 

 Finally, the use of network modeling methods in Aim 3 demonstrates a valuable 

use for these types of models beyond that typically presented in the literature. Network 

models are commonly used to demonstrate expected outcomes of interventions that are 

well established or have a large body of literature supporting them. In this dissertation, 

network modeling methods are being used to analyze the potential impact of a 

hypothetical intervention to help guide research priorities. These methods allowed us to 

generate specific estimates of what would be expected based on different scenarios of 

intervention effectiveness and coverage. These results suggest that, depending on the 

validity of the prevailing assumptions, relatively high levels of both effectiveness and 

coverage may be necessary to have a meaningful impact on HIV incidence among MSM.  

Innovation 

 This dissertation represents a number of innovations with respect to delay 

discounting and HIV prevention among MSM. These three studies represent some of the 

first studies of monetary and sexual delay discounting among MSM. Previously, one 

study had investigated monetary discounting among MSM55 and another had investigated 

sexual discounting among MSM49. This is the first study to investigate both monetary and 

sexual discounting within the same sample. It is also the first study to assess sexual 

discounting among MSM in a broadly recruited sample. The previous study that assessed 

sexual discounting among MSM used Amazon Mechanical Turk (MTurk) to recruit a 
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sample of 108 MSM. MTurk is a website on which workers can earn money for 

completing small tasks, including completing surveys. Thus, workers may be 

incentivized to provide false information in order to qualify for a survey in order to earn 

money. The study population for this dissertation was recruited via advertisements on 

Facebook that were targeted to MSM, and participants were not compensated for 

completing the survey.  

 The study population in this dissertation is also much larger and more 

representative of the target population than the samples that are typically recruited for 

studies of delay discounting. Most studies of delay discounting recruit study populations 

of fewer than 100 individuals, limiting the ability of researchers to investigate multi-

variable relationships between delay discounting and outcomes of interest. Thus, most 

delay discounting studies present numerous bivariate comparisons but do not have 

sufficient sample size to investigate potential confounding of these associations. The 

large sample size employed in this dissertation, in concert with the extensive 

demographic and behavioral survey that participants completed, allowed for 

multivariable modeling to control for the effects of extraneous variables on the 

association between delay discounting and risky sexual behavior.  

 In addition to control for confounding variables, the analysis methods used to 

model the effects of sexual delay discounting were also innovative. Sexual delay 

discounting is measured using a standardized AUC, which is typically rank-transformed 

for analysis.47,50 The rank transformation is designed to allow non-parametric statistical 

testing on the skewed data.96 However, the standardized AUC values in the current study 

were highly clustered due to the large proportion of men who did not discount condom-
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protected sex and the smaller proportion of men who steeply discounted condom-

protected sex. This clustering significantly reduced the utility of a rank transformation 

due to the substantial number of ties that were observed. It is possible that such clustering 

was not as evident in previous studies that employed smaller sample sizes. In the current 

studies, the standardized AUC value was categorized. In future studies, researchers 

should examine the distribution of the data to determine whether a rank transformation is 

appropriate.  

 With regard to HIV prevention, this dissertation provides an innovative means of 

identifying men at high risk of HIV exposure. Men who discount condom-protected sex 

are more likely to engage in CAI compared to men who do not. This knowledge may lead 

to innovative HIV prevention interventions to reduce CAI or expand methods to identify 

men in need of prevention services. Although improvements in HIV prevention have 

been realized as a result of advances in biomedical prevention strategies, such as PrEP 

and TasP, behavioral interventions designed to increase condom use are still needed as 

part of combination HIV prevention strategies. In this dissertation, we identify delay 

discounting as a potential theoretical basis for the development of novel behavioral 

interventions.  

 We also propose and demonstrate an innovative use for agent-based models of 

HIV transmission. Agent-based models are often used to observe counterfactual 

conditions in a population and to estimate the impact of established HIV prevention 

methods. For example, agent-based models might be used to estimate the impact of 

increasing levels of coverage of a known intervention, such as PrEP. In contrast, in this 

dissertation we use agent-based modeling to demonstrate the potential impact of a 
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hypothetical intervention. Using data from the online survey to estimate the potential 

increases in condom use that might be observed following a successful delay discounting 

intervention, we demonstrate the potential effect on HIV incidence in an open population 

under several different scenarios. This result suggests that continued research with the 

goal of developing an intervention based on delay discounting of condom-protected sex is 

warranted.  

Relevance and Public Health Impact 

 This dissertation has direct relevance to prevention of HIV among MSM in the 

United States. We have demonstrated that delay discounting of condom-protected sex is 

associated with reduced condom use in a diverse sample of MSM. The potential public 

health implications for this finding are broad and will depend on the extent to which 

future research results in interventions that are informed by these findings. These studies 

lay the groundwork for identifying the role that impulsive behavior, operationalized as 

delay discounting of condomless sex, might play in decisions about condom use and how 

alterations to individuals’ discount rates might result in meaningful reductions in HIV 

transmission.  

 We have demonstrated that sexual, but not monetary, delay discounting is an 

indicator of sexual risk. In addition to the potential for HIV prevention interventions as 

described above, delay discounting might also provide a reliable method for assessing 

individual risk and prioritizing intervention resources to those most at risk of HIV 

seroconversion. For example, delay discounting tasks might be useful in identifying men 

most in need of interventions such as PrEP. 
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 Issues surrounding resource allocation are a perennial problem in public health 

settings. Decisions must be made with regard to programmatic priorities at all levels of 

public health. Similar decisions must also be made within academic settings and within 

competitive grant review processes when deciding which projects should be prioritized 

for further research. We have demonstrated a method for helping to prioritize resource 

allocations within an academic research setting by using agent-based modeling to 

estimate the potential benefits of a hypothetical intervention. The differences in condom 

use between men who discount condom-protected sex and those who do not are relatively 

modest; therefore, it is not immediately clear how many infections might be averted if 

fewer men were delay discounters. Network models provide a method for estimating the 

potential impact. This is a method that other researchers might also use to determine 

research priorities when existing evidence is limited.  

Future Directions 

 There are a number of research questions that are generated as a result of this 

dissertation that should be addressed in future research. First, the association between 

delay discounting and sexual risk behavior should be further explored. The results 

reported in this dissertation are the result of a cross-sectional survey of MSM. Thus, 

issues of temporality and causality are difficult to address. An important next step will be 

to conduct a longitudinal study to assess whether men who discount condom-protected 

sex are more likely to engage in CAI during follow-up. In a study of HIV-negative black 

MSM currently being conducted at Emory University, participants are completing 

monetary and sexual discounting tasks in order to better understand the temporal 
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relationship between delay discounting, CAI, and HIV seroconversion. This will help to 

untangle whether delay discounting precedes CAI.  

 The association between delay discounting and other sexual risk behaviors should 

also be explored. Other predictors of HIV risk such as failure to discuss serostatus with 

sexual partners and substance use might be associated with sexual delay discounting. 

Substance use and abuse is known to be associated with delay discounting in other 

domains; it is unclear whether it is also associated with sexual delay discounting. In 

Chapter 3 of this dissertation, number of partners was a statistically significant predictor 

of CAI. Future research should also investigate whether number of partners is related to 

delay discounting status.  

 We have identified delay discounting as a possible tool to aid in the identification 

of high-risk men who might be good candidates for PrEP. However, delay discounting 

might also play a role in adherence for those men who initiate PrEP therapy. That is, men 

who discount delayed outcomes more steeply might be less likely to faithfully adhere to a 

PrEP regimen. Future studies should investigate whether adherence to PrEP among HIV-

negative individuals or adherence to antiretroviral therapy among HIV-infected 

individuals is associated with delay discounting. 

 The effect of age on delay discounting status and on the association between 

delay discounting and CAI should also continue to be explored. In the current studies, 

there was not a statistically significant interaction based on age group. However, the 

observed prevalence differences for CAI were stronger across conditions of the SDT in 

younger compared to older MSM. If the association is indeed stronger among younger 

MSM, then a delay discounting intervention would be expected to have a greater impact 
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among younger compared to older MSM. Thus, continued characterization of the 

association between delay discounting and CAI and potential modifying effects by age is 

warranted. 

Further, analyses should be conducted to assess the extent to which a delay 

discounting assessment, either alone or in combination with behavioral and 

sociodemographic information, is able to identify individuals at increased need of HIV 

prevention interventions, such as PrEP. Additionally, as more data are gathered, it would 

be beneficial to identify a criterion level of delay discounting that is associated with 

increased risk so that standardized recommendations could be provided with any 

screening tools based on a delay discounting task. Additionally, shortened versions of the 

SDT should be assessed to determine if shorter versions maintain similar sensitivity for 

identifying individuals at risk for engaging in risky sexual behavior. It is possible that a 

shorter version that would reduce respondent burden would have similar sensitivity and 

specificity to the full tool. For example, it may only be necessary to assess one condition 

of the SDT (e.g., MOSTSEX) in order to obtain a reliable estimate of an individual’s 

discount rate. 

 Additional agent-based modeling analyses will be useful in determining the role 

that delay discounting interventions might play in the context of combination prevention. 

In order to appropriately parameterize these models, future studies should also investigate 

the extent to which PrEP use affects discounting of condom-protected sex. There have 

been mixed results with regard to risk compensation among men taking PrEP, and delay 

discounting tasks provide a method for measuring potential changes in decision-making 



96 

and risk perception that result from taking PrEP. Models could also be designed to 

incorporate substance use and its effects on sexual risk-taking.  

More nuanced models of delay discounting could also be explored. In Chapter 4 

of this dissertation we dichotomized delay discounting as any discounting versus no 

discounting in a network model of MSM. This increases the interpretability of the results, 

but a continuous or categorical scale of delay discounting might also provide more 

accurate estimates of the potential impact of an intervention.   

Finally, research is needed to investigate the feasibility of a risk reduction 

intervention based on delay discounting. Several intervention strategies, such as episodic 

future thinking (EFT), have been shown to reduce delay discounting in other domains. 

These same strategies should be explored in the context of sexual discounting to 

determine whether they might be efficacious in reducing discounting of condom-

protected sex. If so, then this could lead to the development of novel interventions to 

increase condom use and reduce HIV transmission among MSM.   
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Appendix B. Components of a network model of a delay discounting intervention for 

MSM. 

 This appendix briefly describes the nodal attributes and dyad-level characteristics 

that are present in the EpiModelHIV network that was adapted for the current study. All 

model components except for the delay discounting parameters were already present in 

the model and described in fuller detail in Jenness et al.79 Race specific parameters are 

available in the model; however, the network in the current study was initialized as 50% 

black and 50% white and averages of the race-specific parameters were applied to all 

nodes. 

Nodal attributes Dyad-level attributes HIV-specific parameters 

Delay discounting status HIV concordance HIV status and stage 

Age Partnership type HIV testing frequency 

Race Condom use HIV treatment initiation 

Probability of CAI Disclosure of serostatus Viral load 

Sexual role (insertive, 

receptive, versatile) 

Delay discounting 

concordance 

CCR-5 status (none, 

heterozygous, 

homozygous) 

Circumcision status   
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Appendix C. Key parameters in a network model of a delay discounting intervention for 

MSM.  

Parameter Values Source 

Delay discounting status Network initialized with 

63% discounters, 37% non-

discounters 

Online survey of US MSM 

Delay discounting 

intervention effectiveness 

Varied: 20%, 50%, 90% N/A 

Delay discounting 

intervention coverage 

Varied: 20%, 50%, 90% of 

eligible men 

N/A 

Per-act probability of 

condom use – Main 

partnerships1 

21%, independent of 

discounting status 

Jenness et al.  

Per-act probability of 

condom use – Casual 

partnerships1 

Discounters: 20% 

Non-discounters: 36% 

Calculated based on 

distribution of delay 

discounting in online 

survey, prevalence ratio for 

CAI based on discounting 

status, and probabilities for 

per-act condom use in 

Jenness et al. 

Per-act probability of 

condom use – One-off 

partnerships1 

Discounters: 20% 

Non-discounters: 36% 

Calculated based on 

distribution of delay 

discounting in online 

survey, prevalence ratio for 

CAI based on discounting 

status, and probabilities for 

per-act condom use in 

Jenness et al. 

Probability that 

intervention effect wanes 

1/52 (Average intervention 

duration is one year) 

N/A 

Probability of always using 

condoms with casual 

partners 

22% Jenness et al. 

Probability of always using 

condoms with one-off 

partners 

33% Jenness et al. 

Sexual role Insertive: 24.2% 

Receptive: 32.1% 

Versatile: 43.7% 

Jenness et al. 

Age 18-39 years; Active nodes 

exit at age 40 to maintain a 

network representative of 

the source data 

Jenness et al. 
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1These probabilities are further modified by HIV diagnosis and disclosure of serostatus as 

described in Jenness et al79 

 


