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Abstract

Delay discounting describes the devaluation of a reinforcer as a function of the delay until its
receipt. Although all people discount delayed reinforcers, one consistent finding is that substance-
dependent individuals tend to discount delayed reinforcers more rapidly than do healthy controls.
Moreover, these higher-than-normal discounting rates have been observed in individuals with
other behavioral maladies such as pathological gambling, poor health behavior, and overeating.
This suggests that high rates of delay discounting may be a trans-disease process (i.e., a process
that occurs across a range of disorders, making findings from one disorder relevant to other
disorders). In this paper, we argue that delay discounting is a trans-disease process, undergirded by
an imbalance between two competing neurobehavioral decision systems. Implications for our
understanding of, and treatment for, this trans-disease process are discussed.
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Introduction

Imagine that you cannot wait to engage in an activity, and you do so as often as you can.
This behavior, however, causes you and others great sadness and suffering. You want to stop
engaging in this behavior, yet you engage in this behavior as often as possible. This scenario
is frequently evident among those who are addicted to drugs. Our view is that the choices of
the addicted reflect an undervaluation of the longer-term consequences of their behavior,
resulting in a limited ability to follow through with plans. Substantial and growing evidence
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suggests that this undervaluation may be related to the extensively studied behavioral
process known as the discounting of delayed reinforcers. Discounting refers to the observed
tendency for the value of reinforcers to decrease as a function of the delay to their delivery
(Rachlin & Green, 1972). The systematic measure of this effect, also called “delay
discounting,” is often considered a measure of impulsivity (Bickel & Marsch, 2001).

As we will show in this review, drug-dependent individuals discount delayed reinforcers
substantially more rapidly than individuals who do not use drugs. These excessive rates of
delay discounting are not exclusive to drug dependence, but rather seem to relate to a
broader set of disorders. Indeed, as we will address below, excessively high rates of delay
discounting are characteristic of individuals with gambling problems, the obese, those who
engage in unhealthy actions such as risky sexual behavior, and individuals diagnosed with
ADHD or schizophrenia. From our perspective, this evidence of excessive discounting
across these differing disorders and disease-related vulnerabilities suggests that excessive
discounting should be considered a trans-disease process.

Viewing the excessive discounting of future outcomes as a trans-disease process differs
from the traditional and contemporary approach to disease (see Bickel & Mueller, 2009 for a
more indepth treatment of the contemporary analysis of disease). Briefly, the contemporary
analysis of disease suggests that each disease has its own etiology. This approach is reflected
in the variety of scientific organizations focused on particular diseases, and in the United
States by the various institutes of the National Institutes of Health. The presumption of
distinctive etiologies for each disease combines with the need for increasingly specialized
research training of scientists to promote a reductionist approach to science, which assumes
that a greater understanding of the disease process will be evident in an ever-smaller part of
the phenomena under study. Furthermore, to remain fully informed about current
developments in a given specialty area, scientists must read and process an ever-increasing
number of publications. A consequence is that successful modern disease scientists need to
know more and more about less and less. The end result is scientific silos, with failures to
recognize characteristics common across different diseases, or across behavioral precursors
of various diseases. In other words, researchers working on one disease may be either
unaware of relevant observations and experiments of those working on other diseases, or
unable to translate relevant observations and methodologies from the study of other diseases
into theory and procedures that may advance understanding in their area.

By contrast to the scenario derived from distinct disease etiologies, the notion of trans-
disease process suggests that there are processes common across diseases. As a result, the
science from one disease can profit from learning about processes in, or precursors of, other
diseases. This knowledge of trans-disease processes may drive our understanding of diseases
forward — both individually and collectively (see Bickel & Mueller, 2009). Moreover, there
may be other trans-disease processes, in addition to excessive discounting, such as those
associated with stress (Sapolsky, 2005) or autoimmune response (Rose & Bona, 1993).

In this paper, we will consider humans’ excessive discounting of future events a trans-
disease process underlying addiction, other disorders, and disease-related behaviors. We will
then consider the systematic processes that underlie the discounting of delayed reinforcers,
and the dimensional model of addiction that these underlying processes suggest. And lastly,
we will consider the implications of this knowledge about excessive discounting for disease
therapy.

Research on the Discounting of Delayed Reinforcers

All other things being equal, nearly anyone would prefer to receive a reinforcer (e.g.,
$1,000) now rather than later. This suggests that delayed reinforcers are valued less, or
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“discounted.” Most individuals, however, do not discount reinforcers at a linearly constant
rate. For example, although a reinforcer delivered a year from now may lose half of its
subjective value, that same reinforcer would not be worthless (i.e., lose the other half of its
subjective value) two years from now. This observation has led to the development of
sophisticated procedures to measure and quantify this effect.

Delay discounting procedures

The measurement of delay discounting—Delay discounting is often measured using
procedures borrowed from psychophysics (e.g., titrating the difference in intensity of two
tones based on a subject’s responses, to determine the lowest perceivable difference). For
example, Du et al. (2002) used a procedure wherein subjects chose between immediate and
delayed reinforcers (i.e., amounts of money) that were presented on a computer screen.
Across a series of trials, the magnitude of a reinforcer (e.g., $1,000) delayed by a specified
amount of time (e.g., one year from now) remained constant whereas the magnitude of an
immediate reinforcer began at one half of the magnitude of the delayed reinforcer (e.g.,
$500) and increased by 50% with each selection of the delayed reinforcer and decreased by
50% with each selection of the immediate reinforcer. Using this titration procedure, the
investigators were able to determine the amount of an immediate reinforcer (e.g., $100 now)
that was subjectively equivalent to the amount of the larger delayed reinforcer (e.g., $1,000
one year from now). When repeated across multiple delay parameters (e.g., one day, one
week, one month, six months, one year, five years, and twenty-five years) these titration-
determined values, referred to as indifference points, can describe a function that specifies
the rate at which individuals discount delayed reinforcers (cf. Kirby et al., 1999; Reynolds &
Schiffbauer, 2004).

Due to practical or ethical concerns (e.g., the study of illicit drugs as reinforcers, large
monetary values of reinforcers, etc.), delay-discounting tasks often ask participants to
choose between hypothetical reinforcers. In order for these results to have scientific validity,
however, participants must choose hypothetical reinforcers as if the reinforcers are real.
Fortunately, numerous studies have examined the relation between discounting of real and
hypothetical reinforcers (Baker et al., 2003; Bickel et al., 2009b; Johnson & Bickel, 2002;
Johnson et al., 2007; Madden et al., 2003; 2004). In all cases, patterns of discounting were
similar for real and hypothetical reinforcers. Moreover, discounting rates determined via
hypothetical assessment procedures predict actual monetary behavior (Bickel et al., 2010).
This empirically demonstrated consistency strengthens the inferences that can be made
based on the discounting of hypothetical reinforcers.

The quantification of discounting rate—With the excessive discounting of delayed
reinforcers co-occurring across so many disorders and patterns of maladaptive behavior (see
below), the quantification of discounting rate has generated much interest (e.g., Green &
Myerson, 2004; Kable & Glimcher, 2010; Killeen, 2009; Mazur, 1987; McKerchar et al.,
2009; Rachlin, 2006). Although those working in the framework of standard economic
theory posit that delayed reinforcers are exponentially discounted, considerable data suggest
that the hyperbolic functions favored in behavioral economics (Mazur, 1987) better describe
existing data (Bickel et al., 1999; Green et al., 1996).

These hyperbolic functions (Mazur, 1987) are typically fit using the equation

A
V=
1+kD
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which describes how the value (V) of a given amount (A) of a delayed (D) reinforcer is
discounted at a given rate (k). The value of this free parameter has frequently been used as a
marker of within-subject (e.g., between commodities) and between-group (e.g., drug users
versus non-using controls) differences.

Although rates of discounting are generally consistent over periods up to one year (Baker et
al., 2003; Beck & Triplett, 2009; Black & Rosen, 2011; Ohmura et al., 2006; Simpson &
Vuchinich, 2000; Takahashi et al., 2007) individuals’ choices between alternatives may
differ across time points. For example, on Friday morning one may express intent to go to
the gym rather than the bar after work, yet preference between these activities may shift as
happy hour approaches. Unlike the exponential discounting functions favored by standard
economic theory, the hyperbolic functions used in behavioral economics can account for
these types of preference reversals (Green & Estle, 2003; Monterosso & Ainslie, 2007).

Figure 1 illustrates this phenomenon. Specifically, Figure 1 shows the value of a given
reinforcer (Y-axis) as a function of the time until its delivery (X-axis) as predicted by
exponential (left panel) and hyperbolic (right panel) discounting models. Exponential
models (left panel) predict that reinforcer value decreases by a constant proportion of the
reinforcer’s remaining value across all delays. As a result, the value of the smaller yet more
immediate reinforcer (the shorter, leftmost vertical line) is always less than that of the larger
yet delayed reinforcer (i.e., the taller vertical line). Because choice typically reflects the
current value of two alternatives, exponential models predict that one reinforcer would be
consistently chosen over the other, determined solely by their relative value and the duration
of time between their availability, and independent of when the choice is made (i.e., no
preference reversal). By contrast, hyperbolic discounting models (right panel), predict
initially rapid reinforcer devaluation followed by a more gradual decrease in reinforcer
value. Because the devaluation rate is not a constant proportion of remaining value in a
hyperbolic model, the larger but more delayed reinforcer (taller, rightmost vertical line in the
right panel of Figure 1; e.g., the health benefits of working out) may be preferred when both
alternatives are delayed, but preference may shift to the smaller, more immediate reinforcer
(i.e., shorter vertical line, left of the larger reinforcer; e.g., drinking at happy hour) as the
delay to both alternatives decreases (i.e., preference reverses). These preference reversals are
a hallmark feature of individuals suffering from addiction, as they often express a desire to
abstain when drugs are not immediately available, but may reverse this preference when the
opportunity to use is more proximal. This process has been likened to “loss of control”
(Ainslie, 2001) or relapse (Brandon et al., 1990; Kirshenbaum et al., 2009; Marlatt et al.,
1988; Nides et al., 1995; Norregaard et al., 1993; Shiffman et al., 1996; Westman et al.,
1997; Yoon et al., 2007).

Excessive delay discounting in addiction

Delay discounting as a marker of addiction—Abnormally high delay-discounting
rates are associated with the addiction to, or abuse of, numerous drugs. For example,
Madden et al. (1997) compared the discounting of hypothetical monetary reinforcers
($1000) in opioid-dependent individuals to those of non-drug-using controls. Figure 2 shows
the median indifference points (expressed as a percentage of $1,000; Y-axis) for the group
of opioid-dependent individuals (squares) and control participants (triangles) as a function of
delay until the larger reinforcer (X-axis). The heights of the data points for the opioid-
dependent individuals relative to controls (and the coordinated curves) reflect significantly
higher discounting rates for the opioid-dependent patients (k= 0.220) than for the control
group (k= 0.027). In other words, value of delayed reinforcers diminished faster in the
opioid group than the control group. These elevated rates of discounting have been
replicated in other studies comparing opioid dependent individuals to controls (Kirby &
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Petry, 2004; Kirby et al., 1999; Vassileva et al., 2011), comparing adult cigarette smokers to
non-smokers (Baker et al., 2003; Bickel et al., 1999; 2008; Businelle et al., 2010; Johnson et
al., 2007; Mitchell, 1999; Odum et al., 2002; Reynolds et al., 2009; 2004; Rezvanfard et al.,
2010), comparing adolescent cigarette smokers to non-smoking adolescents (Fields et al.,
2009; Reynolds et al., 2007), comparing alcoholics to healthy controls (Bjork et al., 2004;
Bobova et al., 2009; Finn & Hall, 2004; Mitchell et al., 2005; Petry 2001a), and comparing
cocaine-dependent persons with healthy controls (Allen et al., 1998; Bickel, Landes et al., in
press; Camchong et al., 2011; Coffey et al., 2003; Heil et al., 2006; Kirby & Petry, 2004;
Moeller et al., 2002; Petry & Casarella, 1999) (see Bickel & Marsch, 2001; Madden &
Bickel, 2009 for reviews).

The notion that excessive delay discounting is a marker of addiction is supported by findings
that suggest that relatively greater severity of substance abuse may be associated with
relatively higher rates of delay discounting. For example, VVuchinich and Simpson (1998)
assessed the delay discounting rates of heavy and light social drinkers. These classes of
participants were obtained by excluding from potential participants those who abstained
from alcohol use or whose score (> 4) on the Michigan Alcohol Screening Test (MAST;
Selzer, 1971) indicated they had an alcohol problem. Among non-excluded participants,
heavy and light social drinkers were defined as those appearing on the upper and lower
extremes, respectively, of the distribution of annual absolute alcohol intake scores, an
estimate of total yearly alcohol consumption yielded by the Khavari Alcohol Test (KAT;
Khavari & Farber, 1978). Vuchinich and Simpson found that heavy social drinkers’ & values
were significantly greater than those of light social drinkers. They also assessed the
discounting rates of light social drinkers and problem drinkers, who had scores in the upper
extreme of the AAAI distribution and also reported 5 or more alcohol problems in the past
year on the Young Adult Alcohol Problem Screening Test (Hurlbut & Sher, 1992).
Vuchinich and Simpson found that problem drinkers’ & values were also significantly
greater than those of the light social drinkers. Although Vuchinich and Simpson (1998) did
not conduct an experiment comparing discounting rates in heavy social drinkers and
problem drinkers, their findings suggest that the severity of substance abuse may be
correlated with degree of delay discounting. This speculation is supported by findings that,
much like drinking status, delay discounting rates are positively correlated with ones’
frequency of alcohol (Takahashi et al., 2009) and cigarette (Ohmura et al., 2005) use (see
also Johnson et al., 2007).

By manipulating levels of drug deprivation, studies have investigated the relation between
delay discounting rates and situational changes in the extent to which a drug is reinforcing.
For example, Giordano et al. (2002) compared outpatients’ delay discounting rates when
they were experiencing mild opioid deprivation to those when they were not deprived.
Giordano et al. (2002) found that mild opioid deprivation increased rates of delay
discounting for heroin and for money. Field et al. (2006) replicated this relation between
drug deprivation (abstinence from smoking) and delay discounting rates for money and the
drug of dependence. Mitchell (2004), however, found that deprivation increased discounting
rate for cigarettes but not for money. Therefore, existing studies of situational drug
deprivation provide qualified support for the association between abnormally high rates of
delay discounting and the extent to which a drug is reinforcing.

Contributions of Discounting to Our Understanding of Addiction

Discounting and the time course of addiction—The literature reviewed above
suggests that delay discounting is a trans-disease process that co-occurs across a range of
addictions. Although this literature is extensive, the role that delay discounting plays in
addiction remains somewhat unclear. There are three main time points in addiction: the

Pharmacol Ther. Author manuscript; available in PMC 2013 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bickel et al.

Page 6

point one begins to use (hereafter “entry”), the period of ongoing use (hereafter
“maintenance”), and the point at which one stops using (hereafter “exit”). Studies examining
each of these three phases provide different, yet complementary, information about the
processes of addiction. Because the literature reviewed above focuses on the maintenance
phase of addiction, the studies reviewed in this section will focus on unique contributions of
studies on the entry and exit phases of addiction.

One persistent question in addiction research is if excessive rates of discounting precede
(i.e., predispose one to addiction), or are simply the consequence of ongoing substance
abuse. Information on the etiology of addiction will be found in longitudinal studies that
elucidate factors associated with entry into addiction. For example, Audrain-McGovern et
al. (2009a) followed a large cohort (n=947) of adolescents from the ages of 15 until 21.
They found that although individuals’ rates of delay discounting did not change over time,
delay discounting predicted entry into smoking and increases in smoking rates. Hence,
Audrain-McGovern et al.’s (2009a) findings suggest that high rates of discounting
predispose teens to the development of addiction. Few studies of this type, however, have
been conducted. Future research efforts, working within this tradition, will shed light on the
etiology of smoking and other forms of addiction, and clarify whether the trans-disease
process of delay discounting is a contributing cause of entry into addiction.

Studies of the exit phase of addiction may provide additional information about the impact
of substance use on delay-discounting rates. For example, Bickel et al. (1999) compared the
discounting rates of current and former smokers to those of healthy controls (i.e., never
smokers). Interestingly, although discounting rates were highest in the current smokers,
discounting rates did not differ between the former and never smokers. There have been
similar findings in a study wherein smokers were required not to quit smoking, but to cut
down on the number of cigarettes they smoked (Yi et al., 2008), and in a study that assessed
the discounting of health outcomes in cigarette smokers (Odum et al., 2002). These findings
suggest that discounting rates may be elevated in addicted populations due to ongoing
substance use (cf. Petry, 2001a). Hence, although elevated discounting rates may predispose
individuals to addiction, ongoing use may result in even higher rates of discounting. This
may result from substance abusers disuse of the skills associated with self-controlled choice
in favor of the immediate reinforcement of drug self administration. The cross sectional
nature of these studies, however, makes it difficult to definitively determine if the
comparatively lower discounting rates seen in former addicts are due to ongoing substance
use by current addicts, or if lower discounters are more likely to become abstinent.
Moreover, the elevated rates of discounting in current, but not former smokers point to the
importance of longitudinal studies which can clarify the role of high discounting rates in the
initiation of drug abuse, and the role of ongoing drug abuse in increasing rates of
discounting.

There, however, is evidence that individuals with lower delay discounting rates may be more
likely to become abstinent after periods of ongoing drug use. For example, Sheffer et al. (in
press) found that delay discounting rates significantly predicted abstinence after an intensive
cognitive-behavioral treatment in highly dependent cigarette smokers. Other studies
replicate this relation, showing that individuals with lower rates of delay discounting tend to
be more responsive to treatment for nicotine dependence (Krishnan-Sarin et al., 2007;
MacKillop & Kahler, 2009; Yoon et al., 2007), or cocaine dependence (Washio et al., 2011).
These studies suggest that former addicts may discount at a lower rate than current addicts
(e.g., Bickel et al., 1999) because addicts with lower discount rates are better able to utilize
treatment resources (Sheffer et al., in press). Like the entrance phase of addiction, however,
a more complete understanding of the phenomenon awaits longitudinal studies.
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Pharmacological considerations in delay discounting—In general, individuals
abuse and become addicted to drugs that have a rapid and powerful onset (Bickel,
Jarmolowicz et al., in press; Bickel, Mueller et al., in press; Schuster & Thompson, 1969).
This is consistent with the rapid pharmacokinetic profile of many drugs that produce a
subjective “high” (see Volkow et al., 2007 for a discussion). Interestingly, the chronic use of
many drugs with a rapid and powerful onset is associated with high rates of delay
discounting. For example, individuals that use cocaine (Bickel, Landes et al., in press;
Coffey et al., 2003; Heil et al., 2006), methamphetamine (Hoffman et al., 2006), and heroin
(Kirby & Petry, 2004; Madden et al., 1997) all discount delayed reinforcers at high rates.

Drugs of abuse, however, do not always have the same impact on rates of delay discounting
when administered acutely. In fact, the acute administration of some drugs can affect delay
discounting in the opposite direction than what would be expected from looking at
comparisons of drug abusing populations to controls. For example, although chronic
stimulant use is associated with elevated rates of delay discounting (Bickel, Landes et al., in
press; Coffey et al., 2003; Heil et al., 2006; Hoffman et al., 2006), acute administration of o
amphetamine decreases rates of delay discounting in adults (de Wit et al., 2002). Likewise,
alcohol-dependent adults discount delayed rewards at higher rates than non-dependent adults
(Bobova et al., 2009; Dom et al., 2006), but acute alcohol administration has been shown to
increase (Reynolds et al., 2006), decrease (Ortner et al., 2003), or have no effect on
(Richards et al., 1999) discounting rates. These discrepancies are likely due to procedural
differences among the studies (see Reynolds et al., 2006), but nonetheless make
interpretation of these acute drug effects challenging. As a whole, there are relatively few
published examples of acute drug effects on delay-discounting tasks in humans. Analogous
experiments with animals are far more numerous, and have identified, for example, roles for
selective serotonergic (e.g., Evenden & Ryan, 1999) and dopaminergic (e.g., Koffarnus et
al., 2011; van Gaalen et al., 2006) drugs in acutely moderating delay discounting.
Extrapolating results from animal studies is complicated by inconsistencies within the
animal literature, but also across species. For example, central serotonin depletion has been
shown to increase discounting rates in rats (Mobini et al., 2000), but a similar (although
smaller in magnitude) manipulation had no effect in human subjects (Crean et al., 2002).
Likewise, while atamphetamine has been shown to decrease delay-discounting rates in
humans (de Wit et al., 2002), animal studies show increases (e.g., Evenden & Ryan, 1996),
decreases (e.g., van Gaalen et al., 2006) or no effect (e.g., Uslaner & Robinson, 2006) on
discounting rates. Although the correlation between drug abuse and delay discounting rates
is clear and consistent (above), further research on the acute drug effects on delay-
discounting tasks is warranted to better understand the pharmacological and procedural
variables that influence delay discounting.

Excessive discounting in problem gamblers, the obese, and poor health practices

Loss of control over drug-seeking behavior and excessive rates of discounting both
characterize addiction. Interestingly, excessive discounting has also been demonstrated in
other types of unhealthy behaviors that are characterized by loss of control. For example,
problem gambling is an urge to gamble despite harmful negative consequences or a desire to
stop. A number of studies have examined the relation between delay discounting rates of
gamblers versus non-gamblers. Dixon et al. (2003) investigated the discounting rates of non-
gamblers and gamblers who were recruited at an off-track betting facility and scored above
the threshold for pathological gambling on the South Oaks Gambling Screen (SOG; Lesieur
& Blume, 1987). They found that the gamblers exhibited higher delay discounting rates.
This relation between delay discounting rates and SOG scores was replicated in college
students by MacKillop et al. (2006); but it was not observed in a study of college students by
Holt et al. (2003) that used a smaller sample size and less stringent SOG scores to classify
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participants as gamblers. Madden et al. (2009) similarly found that differences in rates of
delay discounting between treatment-seeking pathological gamblers and healthy controls
only approached, but did not reach, statistical significance.

Interestingly, some studies have examined pathological gambling in individuals with
substance-use disorder. Petry and Casarella (1999) found that substance abusers who were
pathological gamblers had higher delay discounting rates than substance abusers who
seldom gambled, and controls that did not abuse substances or gamble had the lowest
discounting rates. That is, subjects with two disorders associated with higher rates of
discounting had higher discounting rates than subjects with one such disorder, and subjects
with no such disorder had the lowest discounting rates. These results suggested that the
relation between disorders and discounting rates may be additive, such that individuals with
disorder comorbidity may exhibit higher discounting rates than individuals with a single
disorder. Petry (2001b) found similar evidence of this kind of relation between discounting
rates and disorders. In that study, participants with diagnoses of both substance abuse and
pathological gambling exhibited the highest discounting rates, lowest discounting rates were
seen for controls with no diagnosis, and intermediate discounting rates were observed for
those with only the diagnosis of pathological gambling. Ledgerwood et al. (2009) replicated
Petry’s (2001b) observed difference between the discounting rates of pathological gamblers
and controls, but Ledgerwood et al. (2009) did not observe a difference between gamblers
with and without a substance abuse disorder.

Rates of delay discounting also have been studied in obese individuals. For example, Weller
et al. (2008) assessed delay discounting among obese and healthy-weight men and women,
and found that delay discounting rates distinguished obese women from healthy-weight
women. In a study concerned with binge eating disorder (BED), Davis et al. (2010) studied
obese women who did or did not have binge eating disorder and compared them to healthy-
weight women. They replicated the finding that delay-discounting rates distinguish obese
women from the healthy-weight women (without regard to whether they had BED). Zhang
and Rashad (2008) found a positive relation between discounting of the future and body
mass index (BMI). Fields et al. (2011) found that high delay discounting rates distinguish
the obese and non-obese among adolescent smokers.

High rates of delay discounting are also seen in individuals who engage in behaviors
associated with the contraction and spreading of HIV (e.g., needle sharing, risky sexual
behavior, etc.). For example, although individuals addicted to heroin already have higher
discounting rates than do controls (e.g., Madden et al., 1997), heroin users who share
needles discount at even higher rates than those that do not (Odum et al., 2000).
Additionally, Chesson et al. (2006) found that, in a large sample of adolescents (i.e.,
n=1042), rates of delay discounting were positively associated with a variety of sexual
behaviors, including ever having sex, having sex before age 16, and past or current
pregnancy. Hence, rates of monetary delay discounting are correlated with sexual behavior
that is risky. Furthermore, higher rates of discounting than those of healthy controls are
found in individuals who already have HIV (Dierst-Davies et al., 2011) or hepatitis C
(Huckans et al., 2011).

High rates of delay discounting are also associated with behaviors that are precursors to poor
health outcomes. For example, Daugherty and Brase (2010) had 467 college students
complete a delay discounting questionnaire (Kirby et al., 1999) and answer a series of
questions about how often they engaged in a range of health related behaviors. They found
that delay discounting rates predicted college students’ health-related behaviors such as
tobacco use, alcohol use, eating breakfast, using safety belts, using sunscreen, and risky
sexual practices. Similarly, Bradford (2010) calculated discounting rates using data collected

Pharmacol Ther. Author manuscript; available in PMC 2013 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bickel et al.

Page 9

as part of the 2004 wave of the Health and Retirement Survey. This survey asked 987
retirement-age individuals a series of questions about money (e.g. would you rather have
$1,100 now or $1,200 a year from now) as well as a number of questions about their health-
related behaviors. He found that delay-discounting rates were negatively correlated with the
probability of having a recent mammogram, Pap smear, prostrate examination, dental visit,
cholesterol testing, flu shot usage, and rates of vigorous exercise. Axon et al. (2009)
investigated the delay-discounting rates and health behaviors of a sample of hypertensive
individuals. They found that discounting rates predicted (a) not following physicians’
treatment plans; (b) not checking blood pressure; (c) not altering diet and exercise habits in
response to diagnosis of hypertension; and (d) not using their physician’s office for sick
care.

Excessive discounting in psychiatric disorders

In addition to drug addiction and other behavioral maladies, excessive rates of delay
discounting are associated with numerous psychiatric disorders. A number of studies have
found that individuals suffering from schizophrenia, a psychiatric illness characterized by a
disintegration of emotional and cognitive processes (“Concise Medical Dictionary,” 2010),
discount delayed reinforcers at higher rates than do healthy controls (see Gold et al., 2008
for a discussion; Heerey et al., 2011; 2007). For example, Heerey et al., (2007) compared
rates of delay discounting in 42 individuals with schizophrenia to those of 29 healthy
controls. Individuals with schizophrenia discounted at a higher rate than did control
participants, and these elevated rates of discounting were related to low levels of working
memory. Interestingly, although this between-group difference between schizophrenics and
healthy controls has been replicated (Heerey et al., 2011), MacKillop and Tidey (2011) were
unable to demonstrate differences in discounting between smokers with and without
schizophrenia. Thus, high rates of discounting exhibited by individuals with schizophrenia
may be due to the high rates of smoking among individuals with schizophrenia, since it is
known that smoking is associated with increased rates of discounting (e.g., Baker et al.,
2003; Bickel et al., 1999).

Attention deficit hyperactivity disorder (ADHD) is a neurobehavioral developmental
disorder that entails difficulty staying focused and paying attention, difficulty controlling
behavior, and hyperactivity (i.e., over-activity) (NIMH). Studies have shown that children
(Scheres et al., 2010; Wilson et al., 2011), adolescents (Barkley et al., 2001; Scheres et al.,
2010) and adults (Hurst et al., 2011; Scheres et al., 2008) with ADHD discount delayed
reinforcers at higher rates than healthy controls. For example, Hurst et al. (2011) found that
delay-discounting rates distinguished young adults who self-reported a diagnosis of ADHD
from those who did not. These results, however, should be interpreted cautiously because,
much like the relation between working memory and discounting rate in schizophrenia,
these elevated rates of discounting have been linked to lower 1Q in individuals with ADHD
(Wilson et al., 2011).

Although fewer studies have focused on discounting rates in other psychiatric conditions,
elevated discounting rates have also been observed across a range of other disorders. For
example, studies have found elevated rates of discounting in those suffering from borderline
personality disorder (see Bornovalova et al., 2005 for a review and discussion), depression
(Yoon et al., 2007), social anxiety (Rounds et al., 2007), and disruptive behavior disorder
(Swann et al., 2002).

Comorbidity and trans-disease processes

With high rates of delay discounting representing a common process occurring across a wide
range of disorders, co-morbidity (e.g., substance abuse and mental illness) may be expected
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(see Bickel & Mueller, 2009 for a discussion). As a result, the high levels of co-morbidity
between cigarette smoking and schizophrenia (Bobes et al., 2010; Fowler et al., 1998; Sagud
et al., 2009) are not surprising. Similarly, the findings that individuals with ADHD are more
likely to be addicted to cigarettes (Lambert & Hartsough, 1998; Laucht et al., 2007), smoke
more than normal (Kollins et al., 2005; Lambert, 2000), and smoke at an earlier age (Kollins
et al., 2005; Lambert, 2000) are consistent with the notion that rapid delay discounting is a
process that underlies both of these disorders (i.e., smoking and ADHD).

In fact, co-morbidities between behavior patterns associated with delay discounting are
relatively common. For example, in addition to the above-mentioned co-morbidity between
ADHD and smoking, ADHD is also frequently co-morbid with obesity (see Davis, 2010, for
a review), gambling (e.g., Grall-Bronnec et al., 2011), and addictions to drugs such as
opioids (e.g., Carpentier et al., 2011). Similarly, obesity is often co-morbid with drug
addiction (see Barry et al., 2009, for a review) and gambling (e.g., Pietrzak et al., 2007); and
gambling is often co-morbid with addiction (see Lorains et al., 2011, for a review). These
observed co-morbidities are consistent with the notion that excessive discounting is a trans-
disease process underlying these disorders. Thus, understanding the commonalities in co-
morbid disorders may inform treatment approaches for multiple disorders.

The Processes Behind Excessive Discounting

If excessive discounting describes a trans-disease process (Bickel & Mueller, 2009) that co-
and re-occurs across many patterns of maladaptive responding (e.g., drug addiction,
gambling, obesity, etc.), insights into the neurobiological substrates of these patterns of
choices may improve our understanding of these various behavioral maladies. Specifically,
understanding the neurobiological substrates that underlie excessive delay discounting rates
may lead to novel approaches that target these processes, resulting in substantial
improvements in the lives of individuals suffering from a wide range of behavioral maladies
(e.g., drug addiction). In fact, delay discounting may be a behavioral manifestation of an
underlying neurobiological imbalance in all of the maladies reviewed above (i.e., the real
trans-disease process).

Insights into these neurobiological substrates may be found in recent advances in
neuroeconomics, a relatively new discipline that leverages the concepts and methods of
behavioral economics and neuroscience to identify the neurobiological constituents that
underlie economic choices (Glimcher et al., 2008). For example, McClure and colleagues
(2004) used functional magnetic resonance imaging (fMRI) to examine the patterns of brain
activation associated with the performance of delay-discounting tasks. They found that
choices for the smaller more immediate reinforcer were associated with relatively high
levels of activation in portions of the limbic system (e.g., paralimbic cortex) whereas
choices for the larger later reinforcer were associated with relatively high levels of activation
in areas of the prefrontal cortex (e.g., lateral prefrontal cortex, posterior parietal cortex).

The competing neurobehavioral decision systems theory

Consideration of findings like McClure et al. (2004) has led to the development of the
competing neurobehavioral decisions systems (CNDS) theory (Bechara, 2005; Bickel,
Jarmolowicz et al., in press; Bickel et al., 2007; Jentsch & Taylor, 1999). This approach to
decision making posits that choices between immediate and delayed reinforcers are related
to the regulatory balance of activation in two distinct neural systems. The evolutionarily
older impulsive system, which consists of portions of the limbic and paralimbic areas (i.e.,
the amygdala, nucleus accumbens, ventral pallidum, and related structures), is primarily
involved in the valuation of immediate rewards. By contrast, the more recently developed
executive system, consisting of the prefrontal cortices, is involved in consideration of the
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future and the selection of delayed rewards. Thus, performance on delay-discounting tasks
(i.e., discounting rate) can be seen as a relatively straightforward index of the relative
strength of these competing decision systems.

Support for CNDS—A number of different types of data converge with McClure et al.’s
(2004) findings to support the CNDS view. For example, like McClure et al., a number of
studies have found that activation in the impulsive system is associated with the valuation of
reinforcers (Bickel et al., 2009a; Kable & Glimcher, 2007, 2010; McClure et al., 2007;
Monterosso et al., 2007b; Xu et al., 2009), and that this activation is diminished as
reinforcers are delayed (Kable & Glimcher, 2007, 2010; Yan, 2009). Also consistent with
McClure and colleagues, a number of fMRI studies have found that the valuation of delayed
reinforcers is related to activity in the executive system (e.g., Bickel et al., 2009a; Hoffman
et al., 2008; McClure et al., 2007; Meade et al., 2011; Monterosso et al., 2007a; Xu et al.,
2009). Specifically, subjects choose delayed rewards, when there is greater activation in the
executive than in the impulsive system.

Differential levels of activation in these two competing neurobehavioral systems may
underlie addiction. For example, Meade et al. (2011) conducted a study wherein brain
activity was measured via fMRI while HIV-positive volunteers completed delay-discounting
tasks. Fifteen of the volunteers were active cocaine users, 13 were former users, and 11 had
never tried cocaine. Significantly less executive system activation was observed in the active
cocaine users than both the former and never users (Hoffman et al., 2006; Monterosso et al.,
2007a).

Further evidence for CNDS can be found in disruptions in the balance of these competing
systems by either trait- or state-oriented variables. Long-lasting (i.e., trait-like) influences
such as differences in brain structure in individuals suffering from addiction may contribute
to the high rates of discounting consistently exhibited by these individuals. For example, the
executive systems of individuals suffering from drug addiction typically have lower cortical
volume (e.g., Pezawas et al., 1998) and grey matter density (Liu et al., 2009; Lyoo et al.,
2006) than do controls. Similar decreases in grey matter were not observed in the impulsive
system (Liu et al., 2009; Lyoo et al., 2006). Furthermore, youth with a family history of
alcoholism had white matter abnormalities in portions of the executive system (i.e.,
dorsolateral prefrontal and dorsomedial prefrontal cortices) that correlated with elevated
rates of delay discounting (Herting et al., 2010). Although it is unknown whether these
structural differences result from or predate prolonged drug use, longitudinal studies suggest
that the elevated discounting rates may predate abuse (Audrain-McGovern et al., 2009a).

State-like fluctuations may also influence these competing systems. For example, subjective
reports of drug craving are associated with temporarily elevated levels of activation of the
impulsive system (Risinger et al., 2005). Correspondingly, opioid addicts discount delayed
reinforcers at higher rates during periods of deprivation than when they have had access to
opioid replacement therapies such as buprenorphine (e.g., Giordano et al., 2002). Thus, the
transient elevation in impulsive-system activation resulting from deprivation may disrupt the
balance between these competing decision systems, resulting in elevated rates of
discounting. Furthermore, manipulating the executive system can have similar effects on
delay discounting rates. For example, Hinson et al. (2003) found that participants discounted
delayed rewards more rapidly when they were concurrently required to remember a series of
five digits than when no memory task was superimposed. This may be because an executive
system that was temporarily taxed through its concurrent use in a working memory task
could not effectively compete with the impulsive system.
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CNDS as a dimensional view of addiction—Elevated discounting rates appear to be a
risk factor for developing addiction (e.g., Audrain-McGovern et al., 2009a; Reynolds et al.,
2009). According to the CNDS theory, the high rates of discounting associated with
behavioral disorders such as drug addiction (see Bickel & Marsch, 2001; Madden & Bickel,
20009, for reviews) are related to a hyperactive impulsive and/or a hypoactive executive
system (Bechara, 2005; Bickel, Jarmolowicz et al., in press; Bickel et al., 2007). Individuals
are at risk of developing behavioral maladies whenever the impulsive system is stronger
than the executive system. There, however, are a number of different ways that disruptions
in the regulatory balance between the impulsive and executive systems can result in elevated
risk of developing behavioral maladies such as drug addiction. For example, individuals
with a weak executive system yet a moderately strong impulsive system and individuals
with a moderately strong executive system yet very strong impulsive system are both at risk.

Moreover, the behavior of individuals with an approximate balance between the impulsive
and executive systems may be more susceptible to the influence of state variables (e.g.,
context). For example, an individual with near threshold levels of risk may behave
impulsively (e.g., take drugs) when in the context of stimuli associated with drug use (e.g.,
certain peers) but abstain in the presence of stimuli that do not encourage use. This
possibility remains untested; however, it could be investigated by using fMRI to identify
individuals with nearly balanced versus widely unbalanced relative activation of both brain
regions prior to manipulating state variables (e.g., context).

Implications for Treatment

Conceptualizing excessive discounting rates as a trans-disease process may fuel the
development of treatments for a range of behavioral maladies. Moreover, the dimensional
view that the CNDS view promotes may allow for increased customization of an
individual’s treatment. Specifically, the particular type of decision systems dysregulation
can guide the treatment chosen for a given individual. Consider two cases where there is an
imbalance related to addiction. In one case, the impulsive system is exhibiting intermediate
levels of activation and the executive system is considerably weaker. In the other case the
activation levels are very strong in the impulsive system and intermediate in the executive
system. In the first case, improving activation of the executive system would likely be the
recommended intervention strategy; whereas in the second example, suppression of the
highly active impulsive system would likely be the target of the intervention.

Realization of the CNDS’s potential for treatment development, however, is dependent upon
whether delay-discounting rates are trait-like and immutable, or state-like and malleable. As
this issue is involved and has been described well elsewhere (Odum, 2011; Peters & Buchel,
2011), we will not discuss it in much more detail than the references to it above, where we
pointed out that CNDS can account for the effects of both trait variables and state variables.
In sum, the evidence regarding this issue suggests that delay discounting rate has features of
a personality trait and also of a mutable (i.e., changeable), situational state (Odum, 2011).

If excessive delay discounting is a trans-disease process that is observed across a broad
range of diseases, disorders and problematic behaviors, treatments that effectively treat one
malady may be effective for multiple maladies. One example of a treatment being effective
in individuals with different disorders is neurocognitive rehabilitation. Specifically,
cognitive training approaches effective in the treatment of traumatic brain injury (Cicerone
et al., 2006) have been successfully applied to the treatment of schizophrenia (Krabbendam
& Aleman, 2003; Twamley et al., 2003) and Parkinson’s disease (Sammer et al., 2006). This
effectiveness of one approach in multiple disorders suggests that the treatment is affecting a
trans-disease process.
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As we have argued, delay discounting can be viewed as a trans-disease process related to the
relative balance of the executive and impulsive systems. According to CNDS, excessive
delay discounting rates reflect a regulatory imbalance between the competing executive and
impulsive systems of the brain (Bickel, Jarmolowicz et al., in press; Bickel et al., 2007). An
implication of this reasoning is that enhancement of executive functioning may decrease
rates of delay discounting. For example, because poor working memory is associated with
higher rates of delay discounting (Shamosh et al., 2008), and because disorders with
excessive discounting also appear to exhibit suboptimal working memory (Alloway, 2011,
Cornoldi et al., 2001; Dige & Wik, 2005; Forbes et al., 2009; Landro et al., 2001; Re et al.,
2010), training working memory may decrease rates of discounting. To test this notion,
Bickel et al. (2011) conducted working memory training with stimulant users exhibiting
deficits in working memory and excessive delay discounting. Bickel et al. (2011) exposed an
“active training” group to working memory training, and a control group to stimuli that were
similar except that the correct answers in the working memory exercises were provided. Pre-
and post-training measures revealed that delay-discounting rates of the active training group
declined while those for the control group remained unchanged. This study showed that
operations intended to improve working memory did in fact decrease rates of delay
discounting.

The above study may be a step on the path to remedies for a broad range of behavioral
maladies that are associated with excessive discounting of future reinforcers. Further steps
should be taken to affirm that decreases in delay discounting result in improved treatment
outcomes, and to explore the functional relations between the discounting of future events
and components of executive function other than working memory.

As was described above, enhancing the functioning of the executive system can decrease
rates of delay discounting. Moreover, this diminution of discounting rate via working
memory training may be supplemented through the use of pharmacological agents that
decrease activation in the impulsive system. Psychopharmacological approaches such as the
use of cognitive enhancers may alter the regulatory balance between the executive and
impulsive decision systems. Cognitive enhancers are defined as medications that improve
cognitive function by modulating neurotransmitters such as dopamine, GABA, glutamate,
acetylcholine, and norepinephrine (Sofuoglu, 2010). An example is D-cycloserine (DCS), a
partial agonist of the N-methyl-D-Aspartate (NMDA\) receptor. Recent studies have
demonstrated that behavioral therapies intended to reduce conditioned reactivity in phobic
fear (Ressler et al., 2004), social anxiety disorder (Hofmann et al., 2006a; 2006b), panic
disorder, (Otto et al., 2010), and obsessive-compulsive disorder (Wilhelm et al., 2008) are
enhanced when DCS is administered prior to the exposure and response prevention sessions.
DCS appears to increase the rate at which learning occurs by modulating activity at NMDA
receptors. Whether this would shift the balance between activation of the impulsive system
and the executive function system remains to be determined. DCS is thus potentially a useful
complement to executive function training.

Other novel approaches such as transcranial magnetic stimulation (TMS), a noninvasive
brain stimulation method that induces electric currents in specified brain regions (Fecteau et
al., 2010; Mishra et al., 2010), and the ability to provide biofeedback by imaging human
brain function in real time using fMRI (real-time fMRI; deCharms, 2008) are potential
treatments for addiction and other problematic behaviors. Based on the understanding that
excessive discounting can be manipulated, new treatments can be addressed to changing the
regulatory imbalance of the executive and impulsive decision systems that gives rise to this
trans-disease process. Future research will address important questions about how
effectively these potential new treatment variables may redress the balance between the
impulsive and executive systems in the brain. And future research will address questions
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about combining treatment variables. For example, the results of future studies examining
the efficacy of executive function therapy on reducing delay discounting and improving
drug abuse treatment outcomes can directly explore whether a combination of treatment
variables (i.e., executive function training and cognitive enhancers; executive function
training and TMS) is more effective than one treatment type administered alone. Combining
treatment variables in such a way may be analogous to the relation between using steroids
and exercise to increase muscle mass. Steroids alone may be ineffective in improving
strength and muscle size; but when used in concert with exercising of the targeted muscle
groups, the effects may be greater than exercise alone.

Conclusion

In this paper, we suggested that excessive discounting of delayed reinforcers might function
as a trans-disease process. To explore that notion, we briefly reviewed important procedural
and analytical aspects of discounting and then demonstrated that not only is excessive
discounting evident in drug addiction and other disorders such as obesity and ADHD, but
also that individuals who excessively discount the future are less likely to engage in health-
promoting behaviors. Observing these excessively high rates of discounting across such a
range of disorders and behaviors seems to indicate that excessive discounting does function
as a trans-disease process.

Next, we reviewed the CNDS view, an emerging neuroeconomic theory of the
neurobiological underpinnings of discounting. This theory is not only consistent with
excessive discounting seen across a wide range of disorders (e.g., addiction) but also with
other findings from studies using diverse measures and approaches. We then considered the
implications of excessive discounting being a trans-disease process undergirded by CNDS.
Specifically, the CNDS approach suggests restoring the balance between the two competing
decision systems (i.e., the impulsive and executive systems) as a new target for intervention
in addiction and other behavioral patterns or disorders associated with excessive
discounting. Preliminary efforts using this approach, such as working memory training, have
successfully reversed excessive discounting of delayed rewards. Systematic replication of
these findings through the use of different interventions such as cognitive enhancers and
TMS will further test the notion that excessive discounting is a trans-disease process.

Despite the initial advances of this research domain, each step forward will raise additional
questions. Among the most interesting questions, from our perspective, are ones that address
interventions for addiction: 1) What are the conditions that produce regulatory balance
between the competing neurobehavioral decision systems? 2) Will induction of that
regulatory balance be a necessary component of efficacious addiction treatment outcomes?
3) Could these interventions be adapted as part of a comprehensive prevention program for
addiction? For each of these questions, the answer could inform treatment of various
disorders (e.g., drug addiction, obesity, gambling, etc.). Only by answering these and many
other important questions will the significance and power of these new perspectives be
understood. If the discounting of delayed reinforcers is a trans-disease process that plays a
causal role in therapies, and can be improved in ways consistent with the CNDS approach,
then the stage may be set for advances in understanding and treating not only addiction, but
related disorders as well.
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FIGURE 1a & 1b
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Figure 1.

This figure shows the predicted values of two reinforcers as a function of the delay until
their receipt as predicted by the exponential model (left panel, 1a) and hyperbolic model
(right panel, 1b). The height of the vertical lines represents the magnitudes of two
reinforcers. The relative height of the solid and dashed curves represents preference for the
two reinforcers. From Monterosso & Ainslie, 2007.
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MEDIAN INDIFFERENCE POINT

DELAY (MONTHS)

Figure2.

Sample curves comparing the median discounting rates of a group of opioid dependent
individuals to those of healthy controls. The y-axis shows the median indifference points
expressed as a percentage of the immediate reinforcer for the opioid dependent (squares) and
control (triangles) groups. The x-axis shows the delay until the larger reinforcer. The dashed
and solid lines show the hyperbolic functions fit to the data from the opioid-dependent and
control groups, respectively. Figure adapted from Madden et al., 1997.
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