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Insight Into the Relationship Between Impulsivity and
Substance Abuse From Studies Using Animal Models

Catharine A. Winstanley, Peter Olausson, Jane R. Taylor, and J. David Jentsch

Drug use disorders are often accompanied by deficits in the capacity to efficiently process reward-
related information and to monitor, suppress, or override reward-controlled behavior when goals
are in conflict with aversive or immediate outcomes. This emerging deficit in behavioral flexibility
and impulse control may be a central component of the progression to addiction, as behavior
becomes increasingly driven by drugs and drug-associated cues at the expense of more advanta-
geous activities. Understanding how neural mechanisms implicated in impulse control are affected
by addictive drugs may therefore prove a useful strategy in the search for new treatment options.
Animal models of impulsivity and addiction could make a significant contribution to this endea-
vor. Here, some of the more common behavioral paradigms used to measure different aspects of
impulsivity across species are outlined, and the importance of the response to reward-paired cues
in such paradigms is discussed. Naturally occurring differences in forms of impulsivity have been
found to be predictive of future drug self-administration, but drug exposure can also increase
impulsive responding. Such data are in keeping with the suggestion that impulsivity may contrib-
ute to multiple stages within the spiral of addiction. From a neurobiological perspective, converg-
ing evidence from rat, monkey, and human studies suggest that compromised functioning within
the orbitofrontal cortex may critically contribute to the cognitive sequelae of drug abuse. Changes
in gene transcription and protein expression within this region may provide insight into the mech-
anism underlying drug-induced cortical hypofunction, reflecting new molecular targets for the
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treatment of uncontrolled drug-seeking and drug-taking behavior.
Key Words: Orbitofrontal Cortex, Cocaine, Delay Discounting, Five-Choice Serial Reaction

Time Task, Rat, Monkey.

EFICITS IN ASPECTS of impulse control are a key

feature of psychiatric disorders, including bipolar dis-
order and hypomania, borderline personality disorder and
attention-deficit hyperactivity disorder (APA DSM 1V, 1994).
Furthermore, it is increasingly recognized that high levels of
impulsivity are associated with vulnerability to substance
abuse and can contribute to relapse to drug-seeking and treat-
ment failure (Jentsch and Taylor, 1999b; Moeller et al.,
2001b; Volkow and Fowler, 2000). Consequently, the need
for a better understanding of the neurobiological basis of
impulsivity is growing, as such information could significantly
contribute to improved treatment options for these illnesses.
One of the biggest challenges facing researchers in this field is

From the Department of Psychology (CAW ), University of British
Columbia, Vancouver, British Columbia, Canada, Department of Psy-
chiatry (PO, JRT), Division of Molecular Psychiatry, Yale Univer-
sity, New Haven, Connecticut; Departments of Psychology and
Psychiatry & Bio-behavioral Sciences (JDJ), University of California,
Los Angeles, California.

Received for publication September 24, 2009; accepted December 13,
2009.

Reprint requests: Catharine A. Winstanley, PhD, Department of

Psychology, University of British Columbia, 2136 West Mall, Van-
couver, British Columbia V6T 1Z4, Canada; Tel: + 1-604-822-3128;
fax: +1-604-822-6923; E-mail: cwinstanley@psych.ubc.ca

Copyright © 2010 by the Research Society on Alcoholism.

DOI: 10.1111/j.1530-0277.2010.01215.x

Alcohol Clin Exp Res, Vol 34, No 8, 2010: pp 1-13

defining impulsivity in a manner that allows its empirical mea-
surement in laboratory-based tests. Through this process, it
has become clear that the term “impulsivity”’ covers a range
of actions that may recruit different brain circuitries and be
susceptible to diverse pharmacological influences; despite this
growing knowledge, it is unclear what specific dimensions of
impulsivity play the most important role in substance use dis-
orders (see Torregrossa et al., 2008).

One of the most important issues for the fields of psychiatry
and neuroscience to address is the reasons why some individu-
als are susceptible to psychiatric disorders whereas others are
resilient. This review will focus on the role played by impulsiv-
ity in mediating drug abuse, and how preclinical models may
help in the generation of biomarkers for addiction. Using
nonhuman subjects enables higher throughput pharmacologi-
cal challenges and ex vivo molecular analysis of brain tissue.
Such experiments could help to determine whether individuals
showing higher levels of impulsivity respond differently to cer-
tain drugs and what the molecular basis of such variation
might be. Furthermore, the environment of laboratory ani-
mals is easier to control and manipulate, providing the oppor-
tunity to test for causal links between environmental factors
and the expression of impulsive behaviors. Finally, it is theo-
retically possible to selectively breed animals for high levels of
impulsivity, which should provide insight into the genetic and
epigenetic inheritance of impulse control deficits. The first
part of this review therefore aims to outline some of the ways
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in which impulsivity has been measured in the laboratory,
and why it might be important to consider the differences
between these behavioral measures when mapping the rela-
tionship between impulsivity and addiction. Literature from
both rats and monkeys, indicating an important role for the
orbitofrontal cortex (OFC) in the interaction between impul-
sivity and cocaine abuse, will then be considered.

Phylogenetic Conservation of Individual Differences in
Impulsivity

Although impulsivity, in most of its forms, is typically envi-
sioned as inefficient, unadaptive or suboptimal, this is clearly
not universally the case. The remarkable conservation of
“impulsive” traits across phylogeny suggests that manifesta-
tions of rapid action, quick decision making, and hasty
reward seeking can represent a phenotypic advantage for
many species. This is true across vertebrate species, at the
least. The observation that the rapid, inflexible approach to
potentially risky social stimuli in adolescent vervet monkeys
predicts adult dominance to a significant, albeit limited,
degree is a particularly powerful illustration of this point
(Fairbanks et al., 2004a). Although the full impact of labora-
tory studies of impulsive temperament in rodents must be
considered in light of the restricted phenotypic and genotypic
variability that has been attained through selective breeding,
as well as because of the very different manifestations of
impulsivity that may stem from the different ecological niche
occupied by rodents, they nevertheless represent efficient
models for investigating the neural systems underlying aspects
of impulse control. Many species of nonhuman primates,
including those commonly used in laboratory investigations,
retain a good deal of natural variation in these traits (Fair-
banks, 2001; Fairbanks et al., 2004b; Higley and Linnoila,
1997; Manuck et al., 2003). Hence, these animals represent a
unique opportunity to investigate the genetic, molecular, and
neural basis of impulsivity and its neurocognitive correlates
(James et al., 2007) in a manner that may directly inform our
understanding of these processes in humans.

It appears that genetic and neurochemical determinants of
impulsive temperament are conserved at least across Old
World monkeys and humans (Bailey et al., 2007; Forbes
et al., 2009; James et al., 2007; Keltikangas-Jarvinen et al.,
2003). Remarkably, a 48-basepair variable number tandem
repeat polymorphism in exon 3 of the dopamine D4 receptor
(DRD4) gene is found across a broad number of mammals,
and this similar allelic variant is responsible for phenotypic
variation in aspects of impulsive temperament in several spe-
cies. This result further endorses the notion that the forces
acting upon impulsivity are phylogenetically very old, using
common mechanisms in species having diverged millions of
years ago. Although genetic factors mediating impulsivity
may not be uniformly conserved across all mammals, there is
considerable evidence suggesting that shared neurochemical
mechanisms contribute to these processes. For example, rela-
tively low levels of brain serotonin turnover (as indicated by
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cerebrospinal fluid levels of 5-hydroxyindoleacetic acid, the
primary acidic catabolite of serotonin) are predictive of a vari-
ety of impulsive behaviors in both monkeys and humans
(Brown and Linnoila, 1990; Fairbanks et al., 1999, 2001;
Faustman et al., 1991; Spreux-Varoquaux et al., 2001; West-
ergaard et al., 2003). Clearly, this particular phenomenon
dovetails nicely with the observation that some aspects of
impulsivity in rodents are also affected by serotonergic
manipulations (Soubrie, 1986; Winstanley et al., 2004b),
showing how rodents can be used to understand mechanistic
relationships discovered in more complex species in a directed
and hypothesis-driven way.

Fractionating Impulsivity

In keeping with the diverse nature of impulsive behaviors,
there are currently a variety of very different tests used in both
human and nonhuman subjects to measure forms of impulsiv-
ity, leading some to question whether “impulsivity” is even a
valid or useful construct. However, its nonunitary nature is
actually more typical than atypical when comparing it with
other psychological concepts. For example, there are many
different classes of memory, short-term, long-term, iconic,
episodic, semantic, procedural, verbal, working, reference,
spatial, to name but a few (see Kesner and Rogers, 2004;
Squire, 2004 for recent reviews). In this way, memory is an
umbrella term that usefully covers these subclasses of mne-
monic processes, and the fact that these mental faculties are
distributed across different brain regions does not invalidate
the term.

It may be important to note that isolating the exact nature
of the memory or attentional deficit associated with certain
psychiatric or neurological condition has improved, rather
than hindered, diagnostic tools (Brooks and Baddeley, 1976;
Budson, 2009). In addition, it has been possible for research
into the nonunitary nature of such processes to contribute to
more fundamental hypotheses regarding how the brain
works. For example, the realization that there is no one
“memory centre’” supports the view that our mental opera-
tions are conducted within a distributed network of “multi-
tasking” brain regions rather than a discrete ‘“‘one
region—one function” model (e.g. Poldrack and Foerde,
2008). Rather than fearing the plethora of tasks claiming to
measure impulsivity, researchers may be better served by
embracing the diversity of impulsive behaviors and consider-
ing what can be learned from their comparison.

The majority of research into impulsivity at a clinical level
involves the use of self-report questionnaires designed to mea-
sure impulsive tendencies, the most widely used of which is
the Barratt Impulsivity Scale (BIS-11) (Patton et al., 1995).
Factor analysis of the output from this 30-item scale indicates
that 3 separate dimensions of impulsivity can be identified:
attentional, motor, and nonplanning. The attentional/
cognitive domain is reflective of the degree to which an indi-
vidual can focus on the task at hand or tolerate cognitive
complexity, the motor component reflects spontaneity or
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action without due consideration, whereas nonplanning
impulsivity reflects a lack of regard for the future. Although
useful indicators of cognitive well-being, self-report question-
naires are always limited by the subjects’ insight and view of
the self (Moeller et al., 2001a). Behavioral tests of impulsivity
have therefore been developed which are a better medium for
neurobiological experiments, in terms of both clinical fMRI
and pharmacological challenges and preclinical modeling
studies. Such tests use as their base the ideas encapsulated
within the self-report questionnaires. However, despite the
best efforts of researchers in the field, it is not always possible
to provide a 1:1 relationship with the dimensions of impulsiv-
ity extracted from the BIS-11 and the psychological processes
measured in a behavioral paradigm.

Behavioral tasks that measure impulsivity have often been
classified into two, rather than 3, camps: those measuring
impulsive action (motor impulsivity) and those measuring
impulsive choice or decision making (Dalley et al., 2008;
Pattij and Vanderschuren, 2008; Winstanley et al., 2006). A
diagram illustrating how distinct aspects of impulsivity are
reflected in different behavioral paradigms is provided in
Fig. 1. The concept of impulsive action, or behavioral disinhi-
bition, maps well onto the BIS-11 factor of motor impulsivity,
and there are a number of behavioral tasks that appear to
provide valid measurements of this phenomenon in both
human and nonhuman subjects. Nevertheless, it may be
unwise to consider them all as measuring identical processes.
In contrast, the concept of impulsive choice appears to span
both the cognitive/attentive and nonplanning domains of the
BIS-11 (Patton et al., 1995). However, the majority of tests
used to assess this construct focus on delayed gratification

IMPULSIVE CHOICE
(cognitive/ non-planning)

and discounting functions and therefore probably reflect non-
planning more directly. The inability to process complex tasks
overlaps with a wide range of executive functions and is there-
fore difficult to isolate. The matching familiar figures test of
“reflection” impulsivity is probably the task most directly
aligned with this BIS-11 factor. However, this is fundamen-
tally difficult to model in animals (see Evenden, 1999) which
has hindered exploration of its biological basis from this per-
spective. Indeed, the degree to which the application of “cog-
nitive effort” or the analysis of cost-benefit decisions overlaps
with impulsivity is an open question that merits further dis-
cussion (see Floresco et al., 2008; Pattij and Vanderschuren,
2008 for reviews of both literatures).

It is worth noting, however, that dimensions of tempera-
ment or personality are likely to be secondary to individual
differences in more basic psychological processes, including
aspects of cognition, reward sensitivity, and approach/
avoidance. In both humans and monkeys, it is now clear that
individuals exhibiting relatively high naturally occurring
impulsivity exhibit poor working memory capabilities (Cools
et al., 2007; Dowson et al., 2007; James et al., 2007; Romer
et al., 2009) and that this association may be mediated by
impairments in the function of the frontal cortex (Cools et al.,
2007). Perhaps the basic mechanism mediating this relation-
ship is that poor working memory leads to deficiencies in
developing and maintaining goal-directed plans related to
behavior—the result being a more myopic behavioral pheno-
type. If correct, this would suggest that working memory and
its related component processes should also be considered as
a focus on endophenotype-oriented working for disorders of
impulse control (Loo et al., 2008). Of particular relevance to

IMPULSIVE ACTION
(motor impulsivity)

L i
Risk/ uncertainty- Delay-based Action Action
based choice choice cancellation restraint
Probability - Gambling tasks Delay - SSRTT Go/ no-go CPT/ 5CSRT
discounting (IGT/ rGT) discounting external no external
gain vs. no gain gain vs. loss inhibition signal inhibition signal

Fig. 1. Different aspects of impulsivity can be measured using a variety of different paradigms. Examples of different behavioral tests that measure dis-
tinct aspects of impulse control are provided in this illustration, although this is by no means an exhaustive list. In terms of modeling impulsivity in laboratory
animals, the construct of impulsivity has been broadly divided into impulsive choice and impulsive action. The former most likely reflects the cognitive—
attentive and nonplanning factors within the Barratt Impulsivity Scale, whereas the latter closely equates to the motor impulsivity factor. Within the domain of
impulsive choice, delay-discounting paradigms have been developed to assess decision making based on delayed gratification, whereas tests of probability-
discounting and gambling-related decision making, such as the lowa gambling task (IGT) and the rat gambling task (rGT), are used to measure decisions
based on risk or uncertainty. In probability-discounting paradigms, subjects choose either a small but certain reward or a larger but increasingly uncertain
reward. As such, on each trial, the subject either gains or fails to gain reward. In the gambling-like models, an element of loss is also incorporated, such that
it is possible to finish the trial worse off than at the start if the gamble does not end favorably. Within the domain of impulsive action, it has been suggested
that tasks that require cancelation of an already-initiated action, such as the stop-signal reaction time task, are distinct from those in which subjects must
withhold from initiating a response. Within the latter category, there are tasks that require subjects to attend to an externally provided inhibition signal, such
as a light or a tone, and use that cue to guide their behavior. An example of such a paradigm is the go/no-go task. Alternatively, tasks such as the continu-
ous performance test or five-choice serial reaction time task require subjects to inhibit their behavior in the absence of an explicit inhibition signal and to
refrain from making a motor response until the appropriate stimulus has been presented.



the current review, recent data suggest that working memory
performance is impaired following chronic, escalating admin-
istration of cocaine, and that such impairments are correlated
with cell loss within the frontal cortex (George et al., 2008).
Furthermore, the authors suggest that the working memory
impairments observed may reflect aspects of increased persev-
eration, compulsivity, and incentive motivation induced by
repeated drug intake, and these processes may likewise influ-
ence impulsive behaviors.

IMPULSIVE ACTION VERSUS IMPULSIVE CHOICE

The level of motor impulsivity has largely been conceptu-
alized as the inability to withhold from making a motor
response. Three of the most widely used laboratory-based
tests used to assess this process are the stop-signal reaction
time task (SSRTT), the continuous performance test (CPT),
and the go/no-go paradigms. In the SSRTT, subjects are
required to make a rapid response upon the presentation of
a go signal (Logan and Cowan, 1984). On a subset of trials,
a stop signal is presented at varying delays after the presenta-
tion of the go signal, and the subject must then cancel their
planned response. Go/no-go paradigms likewise use 2 sig-
nals, one indicating that a go response is required, and the
other that this response should be inhibited. However, only
one signal is presented on any trial, and the signal occurs at
the beginning of each trial, before any action has been initi-
ated. Both SSRTT and go/no-go tasks have been developed
for use in rodents and nonhuman primates (SSRTT: Eagle
and Robbins, 2003; Feola et al., 2000; Liu et al., 2009;
go/no-go Iversen and Mishkin, 1970; Terman and Terman,
1973).

In contrast, the CPT is ostensibly a test of attentional
function that incorporates an aspect of motor impulsivity
(Rosvold et al., 1956; Wilkinson, 1963). In this task, subjects
are required to scan a 5-digit sequence and respond when the
numbers match a target stimulus. “False alarm” errors occur
when the subject responds positively to a sequence which is
identical to the target, with the exception of the final number.
When making such errors, the subject therefore responds
prematurely before processing the full sequence, hence
providing an index of motor impulsivity. The five-choice
serial reaction time task (SCSRT) was developed as a rodent
analog of the CPT (Carli et al.,, 1983). Animals learn to
respond to a stimulus light which is briefly presented in 1 of
5 spatially distinct apertures. However, subsequent to initiat-
ing a trial and prior to presentation of the light, there is a 5-s
inter-trial interval during which the animal must withhold
from responding at the aperture array. Any responses made
during this time are described as premature responses and
are punished by time-out periods. Such premature responses
are thought to be analogous to the false alarms errors made
in the CPT.

Despite the fact that all 3 of these tests purport to measure
motor impulsivity and are often referred to interchangeably,
there are subtle but perhaps critical differences in the inhibi-
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tory processes involved (see Eagle et al., 2008 for a recent
review). In particular, it appears possible to dissociate action
restraint (the inhibition of a motor response prior to its initia-
tion, as in the go/no-go paradigm) and action cancelation
(the inhibition of an already-initiated motor response, as in
the SSRTT) in terms of their neurochemical modulation. As
one example, the 5-HT system is strongly implicated in action
restraint but not action cancelation, whereas noradrenaline
may play a more fundamental role in action cancelation. Fur-
thermore, although performance of action restraint and can-
celation tasks was correlated in control subjects, there was no
such relationship between task scores in a group of attention-
deficit hyperactivity disorder (ADHD) patients, despite the
fact that ADHD patients were collectively worse on both
inhibitory measures (Schachar et al., 2007). Such findings sug-
gest that patients with different inhibitory deficits may obtain
therapeutic benefit from different pharmacological treatments
and highlights the importance of considering individual differ-
ences in impulsive symptomatology. Within this framework,
premature responding on the SCSRT may have more in com-
mon with errors on go/no-go tasks rather than deficits in
responding to stop signals on SSRTT. However, in the
SCSRT there is no “‘no-go” signal: the subjects regulate their
own behavior in anticipation of the presentation of a “go”
signal. Whether this turns out to be an important factor when
considering translation between tasks and species remains to
be determined, but the response to reward-related stimuli is
clearly affected by addictive drugs.

In addition to these motor-based paradigms, impulsivity is
also reflected in more cognitive tests of choice and preference.
One of the most widely used tests of impulsive decision mak-
ing in both animals and humans is the delay-discounting par-
adigm. Delay discounting describes the process by which the
subjective value of a reward diminishes as the delay to its
delivery increases, and rates of discounting are assessed by
measuring choice between smaller rewards delivered relatively
soon versus larger rewards delivered later in time (e.g. Rachlin
et al., 1991). Selection of the smaller-sooner reward is indica-
tive of a more impulsive choice, reflecting an intolerance to
delayed gratification that results in a negative outcome i.e. less
reward in the long run. The delay-discounting curves for both
human and nonhuman subjects are best represented by the
same form of hyperbolic equation (Ainslie, 1975; Mazur,
1987), and there is a general concordance between the effects
of brain damage and drug administration on delay-discount-
ing behavior between species (see Winstanley et al., 2006 for a
review).

Just as delay to its delivery can devalue a larger reward,
so can the probability that such a reward will actually be
received. It has been suggested that perceived uncertainty
regarding the stability of an environment can lead to
enhanced delay discounting, as the delayed reward appears
probabilistic rather than guaranteed (Mischel and Grusec,
1967). The question of whether decision making related to
delayed versus probabilistic rewards is controlled by simi-
lar psychological and neural processes can be addressed
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empirically using simple probability-discounting schedules
(Adriani and Laviola, 2006; Cardinal and Howes, 2005;
Mobini et al., 2002) and also more complex gambling-like
paradigms (e.g. Rivalan et al., 2009; Zeeb et al., 2009). The
extent to which decision making under risk or uncertainty is
analogous to delay-discounting tests more commonly used
to assess impulsive decision making is an important ques-
tion, particularly given both the association with pathologi-
cal gambling, impulsivity, and substance abuse. Whether
engaging in impulsive-like behaviors is itself rewarding and
the contribution such processes make to the development
of pathological gambling are likewise key issues in terms
of understanding the relationship between behavioral and
chemical addictions. However, in the interests of brevity
and focus, we will restrict our discussion to the more con-
ventional, delay-discounting models of impulsive choice, as
more data is available regarding the relationship between
impulsive choice on such models and the response to addic-
tive drugs.

WHY MIGHT ADDICTIVE DRUGS INFLUENCE
IMPULSIVITY AND VICE VERSA?

One of the reasons why addictive drugs exert such a power-
ful control over the behavior of people affected by substance
use disorders is that the dopamine response to drug-paired
cues is potentiated, such that these cues trigger craving for
drug and drug seeking (Bossert et al., 2005; Everitt et al.,
2003; Parkinson et al.,, 2001, 1999; Shaham et al., 2003;
Taylor and Robbins, 1986; Wyvell and Berridge, 2000). Both
acute and repeated administration of cocaine and other addic-
tive drugs leads to the enhancement of conditioned reinforce-
ment in rodents (Jentsch and Taylor, 2001; Mead et al., 2004;
Olausson et al., 2004; Taylor and Horger, 1999), see also
(Mead et al., 2004; Miles et al., 2004; Wyvell and Berridge,
2001). This is also true in nonhuman primates as monkeys
that had previously been exposed to cocaine showed aug-
mented responding to a reward-associated cue when tested on
the acquisition of a second-order schedule of reinforcement
(Olausson et al., 2007). Conditioned stimuli (lights, tones,
etc.) are also thought to make a significant contribution to
the addictive nature of gambling behavior (Kushner et al.,
2008). Understanding how manipulation of the salience of
reward-paired cues influences different forms of impulsive
responding may prove fruitful when considering how addic-
tive drugs influence impulsivity under different circumstances.
For example, it has been suggested that animals that respond
more to reward-paired cues in autoshaping (“sign-tracking”)
paradigms, theoretically as a result of individual differences in
the attribution of incentive salience to cues, are more sensitive
to cocaine and may likewise be more impulsive (Flagel et al.,
2009; Tomie, 1996).

With these considerations in mind, it may be particularly
important to understand what drives impulsive behavior
within different tests of impulse control, particularly if impul-
sive responding is generated by the reaction to an external
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cue. For example, it could be argued that inhibitory failure in
the SSRTT and go/no-go task arise through the failure to
process or attend to the stop/no-go signal, whereas premature
responding in the SCSRT is “self-generated”: there is no
inhibitory signal that is ignored. Alternatively, elevated
impulsive responding in all 3 tests could arise through a
hyper-response to the perceived or anticipated “go” signal.
Drug-induced potentiation of the power of reward-related
cues to elicit a behavioral response may therefore directly con-
tribute to high impulsivity on these motor tasks.

It is also worth considering how such a heightened response
to reward-paired cues might influence delay-discounting pro-
cesses. When an animal selects the small immediate reward
over a larger delayed one, such a decision is regarded as an
impulsive choice, because the desire for immediacy outweighs
the larger reward on offer following a delay. However, it
could also be argued that elevated choice of the larger reward
is indicative of an increase in incentive motivation for the
large reward, such that the delay fails to sufficiently devalue
its subjective value, and it is selected despite the negative con-
sequences (Uslaner and Robinson, 2006; Winstanley et al.,
2004a). This view shares similarities with the idea that persis-
tent drug-taking results in a short-sighted view of the future
such that decisions are made with little regard for their future
consequences. If choice of the large reward is signaled by a
cue, immediate feedback is provided that could be amplified
by exposure to psychostimulant drugs, or alcohol (Grant and
Macdonald, 2005; Olmstead et al., 2006). It has been
observed that using a cue light to bridge the gap between
responding for the large reward and its delivery can facilitate
the acquisition of delay-discounting performance and alter
the response to amphetamine (Cardinal et al., 2000). Recent
unpublished findings also suggest that use of such a cue leads
to virtually exclusive selection of the larger delayed reward in
a subset of individuals, and that this may reflect enhanced
dopamine signaling within the OFC (Zeeb et al., 2010; sce
Floresco et al., 2008 for further discussion of cues in delay-
discounting tasks). Whether these “cue-sensitive” rats are like-
wise more vulnerable to addictive behaviors remains to be
determined.

The inability to withhold from responding to a reward-
paired stimulus may also impact the performance of reversal
learning tasks, where subjects are required to inhibit respond-
ing to a previously rewarded option, and instead select a new
or previously unrewarded stimulus (see Birrell and Brown,
2000; Boulougouris et al., 2007; Chudasama and Robbins,
2003; Cools et al., 2002; Dias et al., 1997; Seu et al., 2009 for
recent studies using such methodology). Although deficits in
shifting away from the previously rewarded stimulus are gen-
erally regarded as evidence for cognitive inflexibility or
perseverative/habitual responding, such behavior could also
reflect a difficulty in inhibiting a prepotent reward-directed
response (Groman et al., 2009; Tait and Brown, 2007). Such
comparisons may help explain the pattern of behavioral
impairments reported following chronic intake of addictive
drugs.



HIGH IMPULSIVITY AS A PREDICTOR OF DRUG
ABUSE

Given the diversity of impulsive behavioral tests just
described, an important question to consider is whether it
matters what kind of test is used to probe the relationship
between addiction and impulsivity: do all kinds of impulsivity
show similar relationships with substance abuse, or is there a
particular impulsive subtype that stands out? Furthermore, is
there a particular phase in the development of addiction
where impulsivity is more prominent, and where interventions
aimed at reducing impulsivity may be maximally effective?
There is also the similarly critical question of whether the spe-
cific drug used or the sex or age of the subjects influences the
importance of different impulsive behaviors in the develop-
ment of addiction. However, for brevity, we will largely
restrict our discussion to alcohol and cocaine, as the links
between impulsivity and addiction appear particularly strong
for these drugs, and their use has been heavily studied.

Does Impulsivity Predict Alcohol Abuse?

Alcoholics can be divided into Type 1 or Type 2 classes,
depending on personality variables and drinking patterns. As
such, Type 1 alcoholics show low levels of novelty seeking,
high levels of harm avoidance and generally start drinking
later in life, whereas Type 2 alcoholics are highly novelty seek-
ing, show low levels of harm avoidance, and start drinking in
their teens (Cloninger, 1987). It is this latter group that experi-
ences problems with impulse control, and Type 2 alcoholism
is also highly heritable (e.g., Cloninger et al., 1981). Hence, if
animal models are to accurately model the relationship
between impulsivity and alcoholism in animals, it could be
argued that impulsive tendencies and high alcohol preferences
should be co-inherited and evident at an early age. Given that
the behavioral tests of impulsivity outlined here take weeks to
train and that the adolescence of rats only lasts around
14 days, it is notoriously difficult to obtain a measurement of
impulsivity in juvenile animals. Nevertheless, data from adult
animals exploring these issues are encouraging.

Considerable individual differences exist in rats’ propensity
to consume alcohol, providing the potential opportunity to
identify biological markers for susceptibility to alcoholism.
Whether levels of motor impulsivity are predictive of alcohol
abuse is currently unclear, as the studies to date have not used
“clean” tests of impulsivity, but tests that could reflect anxi-
ety, perseveration, or hyperactivity (e.g., Johansson et al.,
1999; Johansson and Hansen, 2000; McMillen et al., 1998).
However, there is now a substantial body of literature sup-
porting the hypothesis that high levels of impulsive choice, as
assessed using a variety of delay-discounting paradigms, are
associated with high levels of alcohol drinking. Animals iden-
tified as highly impulsive on these tasks (HI-DD) drank sig-
nificantly more of the higher concentrations of alcohol
presented within a limited access self-administration proce-
dure (Poulos et al., 1995). Furthermore, among rats with
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“intermediate” levels of impulsive choice, there was significant
variability in the acute response to alcohol on-task: “high
reactive” rats showed a dose-dependent increase in impulsive
choice when given the drug, whereas “low reactive” rats were
largely unaffected. Critically, the high reactive animals drank
a significantly greater amount of the more concentrated
alcohol solutions (Poulos et al., 1998), again affirming the
relationship between high levels of impulsivity on the delay-
discounting paradigm and subsequent alcohol intake.
Rodents bred for high levels of alcohol intake, but which
were alcohol naive, also showed steeper discounting curves
for both delayed and probabilistic rewards (Oberlin and
Grahame, 2009; Wilhelm and Mitchell, 2008). Hence, in terms
of demonstrating that high levels of impulsive choice may be
a vulnerability factor in predisposition to a higher preference
for alcohol, the data appear quite strong.

Does Impulsivity Predict Cocaine Abuse?

There is some indication that deficits in impulsive control
may be particularly pronounced in crack cocaine users. For
example, a clinical study observed higher levels of impulsive
decision making, as measured by the delay-discounting task,
in those using crack compared to those using heroin
(Bornovalova et al., 2005), although heroin addicts choose
more impulsively on delay-discounting questionnaires than
healthy controls (Kirby et al., 1999). Furthermore, long-term
abusers of the psychostimulant amphetamine showed mal-
adaptive decision making on a gambling task similar to that
observed in OFC-damaged patients, whereas opiate abusers
did not show such changes (Rogers et al., 1999). The reasons
why the use of different drugs is associated with varying
degrees to changes in impulsive behavior can arise through
both pharmacological and contextual reasons or an interac-
tion between the two. For example, preferential crack cocaine
use is consistently associated with higher levels of risky sexual
behavior compared with populations of other drug users
(Baseman et al., 1999; Ross et al., 2002). This seems largely
because of the sex-for-drugs black market economy that has
evolved with respect to crack, but why the association is so
strong for this particular drug is unclear. The low socioeco-
nomic status of many crack users is likely one contributing
factor, but whether a predisposition to impulsive acts in those
who use crack cocaine is also involved remains to be deter-
mined. Likewise, drug reinforcement of impulsive decisions
may lead to further engagement in maladaptive behavior.

Considering tests of motor impulsivity, it is perhaps surpris-
ing that the rodent SSRTT has not been used to explore the
relationship between inhibitory control and addiction, as a
number of clinical reports have been published suggesting
SSRTT impairments in cocaine users (e.g., Fillmore and
Rush, 2002; Li et al., 2008, 2006). However, a number of
studies have been performed in rats looking at the relation-
ship between premature responding on the SCSRT and the
response to addictive drugs. Animals that were identified
as highly impulsive (HI-5CSRT) on this task showed an
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escalation of cocaine intake in the binge administration
model, indicative of the loss of control over drug con-
sumption typical in addicted subjects (Dalley et al., 2007).
These HI-5CSRT rats also showed higher break points under
progressive ratio schedules for cocaine, and persistent
responding for the drug even when doing so resulted in
delivery of electric shocks (Belin et al., 2008). Furthermore,
HI-5CSRT rats showed higher levels of reinstatement of
cocaine seeking even after this response was extinguished by
shock administration (Economidou et al., 2009). HI-5CSRT
rats were therefore highly motivated to take the drug despite
negative consequences, again reproducing key features of sub-
stance abuse. In a more recent study (Diergaarde et al., 2008),
it has been reported that distinct aspects of impulsivity (pre-
mature responding on the 5-CSRT vs. impulsive choice in a
delay-discounting paradigm) predict dissociable aspects of
inflexible nicotine self-administration. Moreover, different
aspects of craving have been associated with distinct types of
impulsivity in human nicotine addicts (Doran et al., 2009),
further highlighting the need to examine distinct aspects of
impulsivity and to relate them to the variable dimensions
of drug-maintained behavior.

In parallel to earlier work on alcohol (Poulos et al., 1995),
it has also been suggested that rats that show high levels of
impulsive choice on the delay-discounting paradigm (HI-DD)
are more susceptible to the addictive-like effects of cocaine.
Both male and female rats classed as HI-DD were faster to
acquire cocaine self-administration than their less impulsive
counterparts (Perry et al., 2005, 2008). However, whether fas-
ter acquisition of the self-administration paradigm necessarily
indicates that animals are more addiction-prone is open to
debate (see Belin et al., 2008, for example). However, female,
but not male, HI-DD rats showed elevated levels of reinstate-
ment to cocaine seeking following a priming injection of
cocaine. In as much as the SCSRT and delay-discounting data
sets can be compared, it would therefore appear that impul-
sive decision making may facilitate initial contact with the
drug, but motor impulsivity is more predictive of the develop-
ment of drug dependency. However, intolerance to delayed
gratification may again play a role in reinstatement of drug
seeking.

IMPULSIVITY AND COGNITIVE DEFICITS AS A
CONSEQUENCE OF COCAINE ABUSE: FOCUS ON
THE OFC

Although high levels of impulsivity appear to predispose
individuals to cocaine abuse, data from both rats and mon-
keys indicate that drug exposure can likewise affect a range of
cognitive behaviors, including impulse control, and such
behavioral change may be integral to the development and
maintenance of addiction. Short-term cocaine exposure is suf-
ficient to increase subsequent cocaine self-administration in
rodents (Vezina, 2004), indicating that the cocaine-induced
neuroadaptations that occur early during drug experimenta-
tion can promote further cocaine consumption. One hypothe-
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sis is therefore that drug exposure can dysregulate the
inhibitory control functions dependent on regions of the pre-
frontal cortex (PFC) to facilitate cue-motivated drug seeking
and the development of an “addictive” state in vulnerable
individuals (Everitt et al., 2007; Jentsch and Taylor, 1999;
Robbins and Everitt, 1999; Robinson and Berridge, 2003). A
significant challenge is therefore to determine the neurobio-
logical substrates associated with cocaine-induced alterations
in behavior and motivation.

In addition to the nucleus accumbens and striatum (e.g.,
Belin and Everitt, 2008; Calu and Schoenbaum, 2008; Cor-
nish and Kalivas, 2001; Everitt et al., 2008; Nestler, 2004;
Robinson and Berridge, 1993), one major focus of such
research has been the OFC. Hypoactivity within this region
has been observed repeatedly in human cocaine addicts
(Volkow et al.,, 1993, 1991). Cocaine self-administration
reduces glucose utilization in the primate OFC and PFC
(Beveridge et al., 2006; Lyons et al., 1996), and these altera-
tions progressively impact cortical-striatal regions with
increased exposure (Porrino et al., 2007). It has been sug-
gested that this reduced function contributes to impulse-
control deficits in addiction (Rogers et al, 1999), as
OFC-damaged patients score more highly on the BIS-11 and
show high levels of impulsive responding on gambling tasks
(Bechara et al., 1999; Berlin et al., 2005) but see (Fellows and
Farah, 2005). In rats, damage to this region slows SSRTT
and transiently increases premature responses, indicating an
increase in motor impulsivity (Chudasama et al., 2003; Eagle
and Baunez, 2009). Interestingly, both increases and decreases
in impulsive choice have been observed following OFC
lesions, which may reflect differences in the design of the
delay-discounting tasks used (Rudebeck et al., 2006; Winstan-
ley et al., 2004a; see Floresco et al., 2008 for discussion). In
addition, OFC damage across species leads to cognitive inflex-
ibility and perseveration, as evidenced by impairments on
reversal-learning tasks (Boulougouris et al., 2007; Chudasama
and Robbins, 2003; McAlonan and Brown, 2003; Schoen-
baum et al., 2003). Such deficits have also been observed in
rats, monkeys, and humans following repeated cocaine intake
(Calu et al., 2007; Fillmore and Rush, 2002; Jentsch et al.,
2002; Schoenbaum et al., 2004), again indicating that
compromised OFC function may be central to the cognitive
dysfunction associated with cocaine addiction.

OFC lesions reduce the ability of reward-associated cues to
elicit or maintain reward-motivated behavior (Pears et al.,
2003) and play an important role in the ability of reward-
associated stimuli to influence behavioral output (O’Doherty
et al., 2003; Roesch and Olson, 2004; Schoenbaum et al.,
1998). The OFC may therefore play a critical role in mediat-
ing the motivational effects of drug-associated stimuli. This
hypothesis is supported by observations that OFC lesions dis-
rupt cocaine self-administration under a second-order sche-
dule of reinforcement (Everitt et al., 2007, Hutcheson and
Everitt, 2003), and reversible inactivation of the lateral OFC
reduced the motivational effects of cocaine-associated cues in
a relapse model (Fuchs et al., 2004). As outlined above, such



increased sensitivity to reward-paired cues could promote
drug seeking, but also influence impulsive responding.

In a recent experiment, SCSRT testing and cocaine self-
administration were combined in a concurrent design such
that animals self-administered cocaine in the afternoons and
were tested on the SCSRT in the mornings (Winstanley et al.,
2009). Thus, it was possible to track the development of any
changes in impulsive behavior as drug use developed. During
the initial phase of acquisition of cocaine self-administration,
premature responding increased, but this was no longer evi-
dent after 4 weeks of drug exposure. In contrast, when ani-
mals were withdrawn from drug, premature responding
sharply increased. Furthermore, these deficits could be exacer-
bated by overexpression of the transcription factor AFosB, a
member of the Fos family of immediate early genes, within
the OFC. AFosB has previously been associated with the gen-
eration and maintenance of the addicted state through its
drug-dependent induction within the striatum (Nestler, 2004),
but self-administration of cocaine also increases AFosB within
the OFC (Winstanley et al., 2007). Furthermore, microarray
data suggests that this increase leads to upregulation of local
inhibitory networks within this region, potentially providing a
mechanism by which OFC function is reduced in human
addicts (Volkow and Fowler, 2000; Winstanley et al., 2007).

It is worth noting that animals with a history of cocaine
self-administration showed a tolerance to the ability of an
acute cocaine challenge to increase premature responding,
and this tolerance could be induced by overexpression of
AFosB within the OFC (Winstanley et al., 2009, 2007). Such
data somewhat parallels the observation that HI-SCSRT rats
become less impulsive following binge access to cocaine
(Dalley et al., 2007). One possibility is that the level of impul-
sivity exhibited by individuals changes as addiction develops,
with levels of impulsivity decreasing after initial exposure to
drug, potentially, because of adaptive neuroplastic changes
that allow the addict to function while taking large quantities
of stimulant drugs. However, when drug is withdrawn,
impulse control deficits are unmasked as the brain can
no longer function optimally without drug onboard (see
Winstanley, 2007 for discussion).

Understanding the biochemical changes that occur within
the OFC, and other regions of the frontal cortex, after cocaine
exposure could potentially provide valuable information into
the mechanisms responsible for deficits in impulse control and
behavioral flexibility associated with addiction. Using genom-
ics and proteomics, it is possible to identify both the effects of
chronic drug exposure and, by simultaneously sampling hun-
dreds or thousands of gene products and proteins, also the
global patterns of changes that are more relevant to the neu-
robiology of addiction than any individual alteration alone.
An increasing number of studies have, however, demon-
strated limited correlations between changes in mRNA and
protein expression using these techniques, indicating that
mechanisms that control protein translation are important in
determining the biochemical effects of drug exposure. As pro-
teins represent functional components of the cellular machin-
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ery, methods for unbiased proteomic analysis therefore offer
substantial advantages. Initial proteomics studies in cocaine-
exposed monkeys, which show established deficits in reversal
learning deficits (Jentsch et al., 2002), have found alterations
in metabolic proteins, protein folding and turnover, and cyto-
skeletal rearrangements in striatum and OFC when measured
4 weeks after the final cocaine injection (Krueger et al., 2005;
Olausson et al., 2007). The prominence of alterations in pro-
teins related to energy metabolism at this time point was strik-
ing. It is possible that these changes reflect an alteration in
synapse number or function as neurotransmission is a highly
energy-intensive process, possibly consistent with the struc-
tural changes observed in the OFC in abstinent cocaine users
(Franklin et al., 2002; Matochik et al., 2003).

In cocaine-dependent individuals, decreased metabolic
activity within the OFC was associated with reduced striatal
D2 receptor availability (Volkow et al., 1993); studies in mon-
keys demonstrate that this effect is most likely rapidly induced
by cocaine intake itself (Nader et al., 2006). Similarly, quanti-
tative real-time PCR data show that chronic cocaine exposure
reduces D2, but not DI, receptor mRNA in the caudate
nucleus in monkeys (P. Olausson, N.C. Tronson, D. Krueger,
A.T. Kedves, A.C. Nairn, J.R. Taylor, unpublished observa-
tions). This observation may be directly comparable with the
reduction in D2/3 receptor binding observed in the ventral
striatum of highly impulsive rats (Dalley et al., 2007). In rats,
extended cocaine self-administration was reported to reduce
the levels of D2 receptors in OFC (Briand et al., 2008) and to
disrupt D2-dependent modulation of prefrontal cortical neu-
ron excitability (Nogueira et al., 2006). Whether cocaine
exposure also reduces D2 receptor levels in the primate OFC
and whether such alterations contribute to the reversal learn-
ing deficits observed in cocaine-exposed animals remains to
be determined, although this link is generally supported by
behavioral pharmacological studies (Lee et al., 2007).

Collectively, these data converge to support an important
role for D2-like receptor function in aspects of impulsivity in
the context of drug addiction. Furthermore, considering
impulsivity as part of a spectrum of neurocognitive function-
ing, highly impulsive volunteers showed improved working
memory performance following administration of a D2/3
agonist (bromocriptine) which was accompanied by the mod-
ulation of frontostriatal activity, yet low impulsive people did
not (Cools et al., 2007). Hence, genetically or environmentally
determined differences in dopaminergic transmission, particu-
larly through the D2 receptor, could alter neurocognitive
mechanisms, and this may increase engagement in hasty,
risky, and/or impulsive behaviors.

IMPULSIVITY AND COMPULSIVITY

The precise nature of the relationship between impulsive
and compulsive behaviors remains an area of active debate.
One conceptual distinction between these forms of behavior
may lie in the goal-directed nature of incentively motivated
impulsive action and choice, as opposed to the habitual
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nature of relatively outcome-insensitive compulsions (Balleine
and O’Doherty, 2009). In other words, impulsive behavior, as
we have characterized it here, often depends very much on
motivational systems that mediate voluntary reward seeking,
while compulsive behaviors are usually thought of as almost
reflexive actions triggered by contextual stimuli paired with
outcome availability. These stimulus-response actions are
also thought to be relatively independent of input from the
prefrontal cortices and are largely mediated by areas within
the striatum, thalamus, and basal ganglia.

Prospectively, it appears that impulsive tendencies are the
predictors of risk for substance abuse and that impulsive
behavior is fueled in the early stages of drug use. More
recently, however, increased attention has been paid to the
idea that—as drug use behavior continues—a ‘““‘drug habit”
may form (Belin et al., 2009; Everitt et al., 2008; Torregrossa
et al., 2008). For example, recent preclinical studies have sug-
gested that drug-taking behavior in rats becomes increasingly
inflexible with longer experience (Deroche-Gamonet et al.,
2004; Vanderschuren and Everitt, 2004). As such, the transi-
tion from impulsive to compulsive behaviors may reflect a
progressive decline in the influence the prefrontal cortices
exert over behavioral output and a shift in emphasis from the
ventral to the dorsal striatum (Kalivas, 2008; Robbins and
Everitt, 1999). Moreover, impulsive animals that are at risk
for the rapid development of drug-taking behavior are subse-
quently more likely to exhibit evidence of the transition to
“compulsive” drug taking (Belin et al., 2008). Conceptually,
this type of research has a lot of appeal for our understanding
of addiction processes, but a limitation of these models is that
it is assumed that inflexible drug taking is synonymous with
compulsive actions. This relationship is simply not clear. For
that reason, more work in this area is required.

SUMMARY

Data across different species is generally convergent in that
high levels of a number of forms of impulsivity are not only
predictive of addiction, but can also be affected by drug
intake, and that the increases in impulsivity and other cogni-
tive deficits associated with drug dependency may reflect com-
promised function within the frontal cortex (see Fig. 2 for a
summary of this position). Based on current findings looking
at cocaine abuse, it would appear that motor impulsivity in
particular is associated with the development of drug depen-
dence, whereas intolerance to delayed gratification may con-
tribute to relapse to drug use. Such high levels of delay
discounting also appear to be predictive of increased alcohol
intake. Such a hypothesis is open to verification by future
studies in which different forms of impulsivity are systemati-
cally compared, and it would be useful to determine whether
pharmacological interventions to reduce different forms of
impulsivity would likewise decrease drug taking or seeking.
However, as indicated at various points throughout this
review, impulsive behavior does not exist in a vacuum, but is
part of a wider set of cognitive vulnerabilities for addictive
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Fig. 2. The downward spiral of addiction. Sensitivity to novelty or thrill
seeking is thought to facilitate initial contact with addictive drugs and the
development of regular or recreational drug use. As tolerance develops,
drug intake increases, and evidence suggests that highly impulsive individu-
als are more likely to lose control of their drug taking, leading to escalating
patterns of drug use and drug dependency. Dysfunction within areas of pre-
frontal cortex such as the OFC, as well as alterations in synaptic plasticity
throughout the mesocortical dopamine system and striatum, contributes sig-
nificantly to these behavioral changes. As the addicted state becomes more
advanced, drug taking becomes more compulsive and inflexible. Attempts
to quit using drug are followed by an aversive withdrawal state during which
high levels of impulsivity may precipitate relapse to drug seeking, thus
perpetuating the cycle of addiction and prefrontal damage.

and risky behavior. Key nodes within the frontostriatal
circuitry regulating impulsivity are likewise implicated in
other cognitive processes that relate to addiction. The studies
discussed here largely focused on the OFC, and it is clear that
this region not only plays an important role in impulse con-
trol deficits, but also the response to reward-paired stimuli
and cognitive flexibility. By considering how these behaviors
relate to one another, we may be better positioned to identify
biomarkers for susceptibility to addiction.
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