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Abstract Behavioral tendencies that might be captured
through self-report measures may provide insight into personal-
ity features that are associated with substance addictions. Re-
cently, impulsivity and related constructs, such as sensation-
seeking, have been examined to help better understand their
relationships with addictions. Here, we review recent findings
that show links over developmental epochs between addictive
behaviors and impulsivity, sensation-seeking, and other con-
structs that are theoretically linked. These findings have signif-
icant implications for generating improved treatments and inter-
ventions aimed at preventing the development of addictive
disorders.
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Introduction

Personality features have long been associated with addictions.
Recently, impulsive tendencies have been considered important
in the psychopathologies of addictions. Impulsivity may con-
tribute to a wide range of psychopathology, including bipolar
disorder [1], attention deficit hyperactivity disorder [2],

borderline personality disorder [3], pathological behaviors as-
sociated with Parkinson’s disease [4], and substance addictions
[5]. This review will focus on recent studies (published within
the last year) that investigate impulsivity and addictions.

Impulsivity has been described as rapid, unplanned behav-
ior with little forethought of the consequences [6, 7]. Given
this definition, some impulsivity may contribute to optimal
decision-making and be advantageous in certain situations.
However, high levels of impulsivity are generally maladap-
tive, resulting in adverse consequences, consistent with other
definitions of impulsivity (e.g., “a predisposition toward rapid,
unplanned reactions to internal or external stimuli with dimin-
ished regard to the negative consequences of these reactions to
the impulsive individual or others”) [6, 8]. Impulsivity is a
multidimensional construct that may be conceptually divided
into at least three distinct forms: trait impulsivity, impulsive
action, and impulsive choice [6, 9]. Behavioral facets of
impulsivity may be measured in multiple species, including
rodents, nonhuman primates, and humans, using various
tasks, many of which are directly translational (i.e., behavioral
tasks exist for each species).

Measures of Impulsivity and Related Constructs

Self-Report Assessments

Impulsive personality traits (trait impulsivity) are generally
assessed by self-report questionnaires, such as the Barratt
Impulsiveness Scale (BIS-11) [10], which generates an overall
measure of impulsivity and several subscale factors–for ex-
ample, nonplanning, inattention, and motor (for review of
impulsivity as a trait see Evenden [9]). Other questionnaires
that contain measures of impulsivity or that are theoretically
related to impulsivity, but are arguably less commonly used
than the BIS-11, include the Schedule for Nonadaptive and
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Adaptive Personality (SNAP; [11]), Sensitivity to Punishment
and Sensitivity to Reward Questionnaire, the Frontal Systems
Behavior Scale, the Tridimensional Personality Scale [12],
and the Eysenck Personality Inventory [13].

A separate yet arguably related construct is sensation-
seeking, which may be defined as “the need for varied, novel,
and complex sensations and experiences…” [14] and is com-
monly measured by the Zuckerman Sensation-Seeking Scale
[14]. Several of the self-report scales that are used to assess
impulsivity also include questions to measure sensation-
seeking (and vice versa). For example, the Zuckerman–
Kuhlman Personality Questionnaire [15] dedicates a portion
of its questions to measuring impulsivity and another portion
to sensation-seeking, and these constructs have at times been
reported concurrently and at others separately.

Another commonly used self-report questionnaire that con-
tains various subscales measuring both impulsivity and
sensation-seeking is the Urgency, Premeditation, Persever-
ance, and Sensation-Seeking (UPPS) Impulsive Behavior
Scale [16, 17]. The original UPPS generated four subscales
including Premeditation, Urgency, Perseverance, and
Sensation-Seeking. Premeditation tendencies reflect individu-
al differences in thinking through and reflecting on conse-
quences before acting. More recently, in a revised version,
urgency was separated into negative and positive urgencies.
Urgency tendencies reflect individual differences in one’s
propensity to act impulsively in situations of high (negative
or positive) affect. Perseverance tendencies reflect individual
differences in remaining focused on tedious tasks. Sensation-
seeking tendencies reflect individual differences in
excitement- or thrill-seeking. The extent to which these sub-
scales represent various facets of impulsivity is debated as
theymay reflect separable personality traits that map in unique
ways onto addictions [16, 17].

Laboratory Assessments

In the laboratory, impulsivity may be measured through im-
pulsive action or impulsive choice. Impulsive action refers to a
diminished ability to withhold a proponent response and is
often referred to as “motor impulsivity” (for review see [2]).
Impulsive actionmay bemeasured by the Stop-Signal Task, in
which participants are required to make a rapid response to a
cue and then, on certain trials and without warning, are also
given a “stop” signal indicating that they should inhibit that
response [18]. In some ways similar to the Stop-Signal Task is
the Go/Nogo, in which participants are given two cues. The
first is a cue to “go” and exert an action, and the second a “no-
go” cue in which they must inhibit the action [19]. Individuals
who have difficulty successfully inhibiting their response after
the stop signal is presented are said to display greater impul-
sive action.

Impulsive choice is reflected in a preference for smaller,
faster rewards over larger, delayed rewards. Impulsive choice
may be measured in the laboratory with delay-discounting
tasks, in which individuals are presented with choices between
smaller, more immediate rewards and larger, but delayed
rewards. Delay discounting describes the phenomenon during
which the subjective value of rewards decreases with increas-
ing delays before reward receipt, or as the reward or conse-
quence of an action becomes farther into the future, the less
influence the said reward or consequence has over an individ-
ual’s ongoing behavior. Individuals who would be considered
impulsive or showing high levels of impulsive choice gener-
ally choose the smaller, faster reward more often than the
larger, delayed reward, especially when the choice of the small
reward seems (objectively) disadvantageous (e.g., choice of
$100 today over $150 tomorrow could be considered disad-
vantageous as a relatively short delay of gratification would
result in substantially greater gains) [20, 21].

The Stroop color-word interference test is a widely used
cognitive-control task that is used to measure cognitive con-
flict and inhibition as individuals are presented with the name
of a color (e.g., “blue”) and are asked to name the color (not
word name) when the word name is printed in either a con-
gruent (e.g., blue) or incongruent (e.g., red) color [22]. The
incongruent trials require the individual to inhibit one feature
(e.g., reading the word), but still allow for the other feature
(e.g., naming the colored ink). Reaction time on incongruent
trials is typically slower than those for congruent trials and that
is known as the “Stroop Effect” [22, 23].

Self-Report Associations Between Impulsivity
and Addiction

Diagnostic and Substance-Related Considerations

Behavioral tendencies or personality traits, such as impulsiv-
ity and sensation-seeking, have been associated with various
substance-use disorders relating to alcohol [24], tobacco [25],
opiates [26], and cocaine [27]. For example, Ready et al. [28]
found that disinhibition, impulsivity, and manipulative ten-
dencies predicted both self- and other-reported substance-use
problems. Disinhibition, impulsivity, and sensation-seeking
are generally elevated in adolescence, but decrease as the life
span progresses [29]. However, the nature of relationships
between facets of impulsivity and substance use have been
relatively difficult to disentangle in human studies as impul-
sivity may contribute to use and may be altered by use. Thus,
more longitudinal studies are needed to determine if person-
ality traits are associated with substance-use disorders prior to
use and to what degree they are influenced by use. It is
possible that drug use itself might result in long-lasting chang-
es in impulsivity. A recent study by Hopwood et al. [30]
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investigated personality traits among individuals with no,
current, or remitted substance-use-disorders using the Sched-
ule for Nonadaptive and Adaptive Personality (SNAP; [11]).
They found that patients with a substance-use disorder
displayed greater negative temperament (particularly self-
harm) and disinhibition (specifically impulsivity). Interesting-
ly, only disinhibition differed between those who had never
used, those who currently used, and those who had remitted; it
was highest in those who currently used, followed by those in
remission, followed by those who had never used [30]. Addi-
tionally, Meda et al. [32] showed that individuals who were at
risk of developing a substance-use disorder or those who were
already addicted displayed increased impulsivity on the BIS-
11 and during an experiential discounting task compared with
control participants [31, 32]. These data suggest that person-
ality traits such as disinhibition are associated with substance
use and the finding that even those in remission display greater
disinhibition than those who have never used further empha-
sizes the importance of investigating whether disinhibition is a
pre-existing factor in substance use and/or is induced or ex-
aggerated by use. Additionally, traits may contribute to the
way in which individuals respond to questions on self-report
questionnaires, such that highly impulsive individuals may
impulsively select an answer as opposed to spending time
considering responses [33].

Co-Occurring Disorders: Cocaine and Psychiatric Disorders

It is not uncommon for individuals with substance-use disor-
ders to have other comorbid mental disorders. It is often
difficult to determine which aspects of an individual’s person-
ality can be attributed to each or are a result of the dual
diagnosis. Zhornitsky et al. [34] investigated impulsivity
(using the BIS-11) and sensation-seeking (using the
Zuckerman Sensation-Seeking Scale) in individuals with
substance-use disorders, schizophrenia, dual diagnoses, and
healthy control subjects. They found that impulsivity was
elevated in all three patient populations compared with control
subjects and that sensation-seeking was elevated in those with
substance-use disorders and dual diagnoses, but not in those
with schizophrenia alone and thus appears independent of
schizophrenia diagnosis (schizophrenia alone was related to
social anhedonia) [34]. These data suggest that regardless of
schizophrenia comorbidity, sensation-seeking is associated
with substance-use disorders. In fact, sensation-seeking is
commonly associated with substance use, especially interac-
tions between sensation-seeking and impulsivity. For exam-
ple, cocaine-dependent individuals score higher on trait im-
pulsivity and sensation-seeking questionnaires [35]. They also
display elevated trait impulsivity in both measures of cogni-
tive and emotion-driven impulsivity [36•]. Cocaine-dependent
individuals perform worse than healthy control subjects on
neuropsychological measures of response inhibition (Stroop,

go/no go) and in their ability to adjust to new contingencies
(reversal); however, trait impulsivity was not related to re-
sponse inhibition. Interestingly, duration of cocaine use was
related to response perseveration (reversal) [37]; however,
alcohol, as opposed to cocaine use, had a greater impact on
inhibitory control [37]. Additionally, cocaine-dependent indi-
viduals score higher on both positive and negative urgency
using the UPPS-P, and perform more poorly than non-
addicted comparison subjects on the 2-back working memory
test and Stroop color–word interference task [36•]. In this
study, the amount of cocaine consumedwas negatively related
to both working memory and response inhibition performance
[38]. Taken together, these data suggest that cocaine depen-
dence might be differentially related to facets of impulsivity
and sensation-seeking; however, relationships between impul-
sivity and sensation-seeking are not limited to cocaine
dependence.

Alcohol

Amongst undergraduate college drinkers, those who were
considered hazardous drinkers by the Alcohol Use Disorders
Identification Test (AUDIT) reported an earlier age at drinking
onset and scored higher on the BIS-11, the Sensitivity to
Reward scale of the Sensitivity to Punishment and Sensitivity
to Reward Questionnaire, and the Disinhibition and Executive
Dysfunction section of the Frontal Systems Behavior Scale
[39]. Problem drinking in undergraduates is significantly re-
lated to negative urgency, sensation-seeking, and lack of pre-
meditation [40]. Negative urgency, as measured by the UPPS-
P, has been associated with deliberate self-harm, alcohol con-
sumption, and disordered eating [41•] (of note, positive ur-
gency has been related to alcohol consumption [42]). A meta-
analysis investigating impulsivity and alcohol use, using the
UPPS, found that impulsivity and alcohol use are related
overall, and while all aspects of the UPPS are related to
drinking frequency, there are differential relationships with
other aspects of alcohol use. Lack of perseverance predicted
drinking quantity, drinking problems were strongly related to
both positive and negative urgency, and alcohol dependence
was most associated with negative urgency and lack of plan-
ning [41•]. However, a study using the UPPS found that
impulsivity (specifically lack of premeditation and sensation-
seeking subscales) was more related to illicit substance use
than hazardous drinking in young adults (aged 18–25).
Among the subscales, lack of premeditation and sensation-
seeking were the most closely related to illicit substance use
and parental/peer use and psychological distress appeared to
represent common risk factors for both hazardous drinking
and illicit substance use [43]. Tomassini et al. [44] investigat-
ed IowaGambling Task (IGT) performance and BIS-11 scores
in abstinent alcoholics and healthy control subjects. They
found that abstinent individuals with alcoholism made
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significantly more disadvantageous choices, leading to poorer
scores. IGT performance was negatively associated with BIS-
11 Non-Planning Impulsivity scores [44], suggesting that
either poor IGT performance might lead to alcoholism or
alcohol use can result in poor IGT performance lasting into
abstinence. Hamilton et al. [45, 46] found that hazardous
drinkers score higher on BIS-11 self-report measures of im-
pulsivity than nondrinkers [45] and that greater levels of self-
reported stress are associated with greater self-reported impul-
sivity (BIS-11) and drinking behavior [46], suggesting that
better stress management might increase self-control.

Attentional Bias, Impulsivity, and Substance Use Disorders

Interestingly, relationships between impulsivity and/or
sensation-seeking may be dependent on drug type. Marino
et al. [47] investigated the relationship between trait impulsivity
(as measured by the BIS-11) and sensation-seeking with anal-
gesic opioid misuse risk using the Current Opioid Misuse Mea-
sure (COMM). They found that sensation-seeking was not
associated with COMM scores, but that attentional impulsive-
ness (as measured by the BIS-11) was associated with misuse
risk even after controlling for age [47]. This finding is partic-
ularly interesting as Coskunpinar and Cyders [48] recently
conducted a meta-analytic review discussing the interactions
among attentional bias, impulsivity, and substance use. The
relationships between impulsivity and substance-related atten-
tional bias do not appear to be moderated by substance type.
The relationships also do not appear to be moderated by
individual components or measures of trait impulsivity (e.g.,
nonplanning or motor impulsivity), or by different assess-
ments of attentional bias used (i.e., the measurement scale
used was not a factor). Importantly, the relationships between
behavioral impulsivity and substance-related attentional
biases were significantly stronger than the relationships be-
tween self-reported impulsivity and substance-related atten-
tional biases [48]. While more studies are needed to determine
the relationships between individual facets of impulsivity and
sensation-seeking with various drugs of abuse, data indicate
strong relationships between these personality traits and sub-
stance use. Furthermore, behavioral measures of impulsivity
are also critical in understanding the underlying mechanisms
and relationships between impulsivity and substance use. To
begin to understand the underlying mechanisms, it is often
important to implore translational approaches, as there are
preclinical equivalents to behavioral measures of impulsivity
in humans that can be utilized to further understand the
relationships between impulsivity and substance use.

Translational Assessments of Impulsivity in Drug Addictions

Compared with non-abusing individuals, drug-abusing pa-
tients generally show greater impulsive choice on delay-

discounting tasks (i.e., greater preference for smaller, faster
rewards than larger, delayed rewards) and greater impulsive
action on the stop-signal task (i.e., a diminished ability to
inhibit a proponent response) [49–59]. Maladaptive
decision-making associated with cocaine use can last well into
abstinence. Heil et al. [53] investigated impulsive choice using
a delay-discounting procedure and found no differences in
impulsive choice between cocaine-abstinent and cocaine-
dependent individuals, but that both groups were more impul-
sive than control participants. Heroin users display greater
impulsive choice (i.e., greater discounting for delayed re-
wards), an effect that seemingly lasts after heroin use has
ceased [60]; however, animal studies suggest that while heroin
use can increase impulsive choice, it is not a long-lasting
effect following abstinence [61, 62] (there is a persistent
increase in impulsive action [63]). This apparent inconsisten-
cy may be explained by several factors. For example, heroin-
using humans may be maintained on methadone; thus, while
they are no longer using heroin, they are still chronically
receiving opioids. In animal studies, animals undergo com-
plete abstinence and are no longer exposed to any substance.
Additionally, the consistency in which animals receive the
drug, the number of times the animal goes into withdrawal,
and/or the severity of withdrawal (i.e., animals are provided
with the drug at around the same time every day, whereas
drug-using humans generally have to seek and obtain the drug
and can go days without administration) could represent fac-
tors contributing differentially to impulsivity across species.
In addition to cocaine and heroin use, individuals with current
or past alcoholism [24, 64, 65] and cigarette smoking (both
adolescent and adult) show greater impulsivity on both self-
report and behavioral measures [66–71]. Taken together, these
results suggest that drug-using (prior and current) individuals
exhibit greater impulsive choice than non-using individuals
and that this elevation in impulsive choice may exist long into
abstinence; however, it is unclear if greater impulsive choice is
a pre-existing disposition or a consequence of drug use, nor is
it clear what mechanisms may underlie relationships between
impulsive choice and drug use.

Animal studies have been utilized to investigate whether
cocaine might cause the increased impulsivity observed with
chronic use. There have been mixed findings as to whether
experimenter-administered cocaine increases impulsivity
[72–78]. For example, Paine et al. [75] administered cocaine
to rats for 14 days and tested them in a stop-signal task and
found no alterations in impulsive action. Moreover, Dalley
et al. [63] tested rats in the five-choice serial-reaction-time
task (5CSRTT) after exposure to cocaine and found no alter-
ations in impulsive action. Therefore, there is little evidence to
suggest that chronic cocaine administration in rodents in-
creases impulsive action. However, there is evidence to sug-
gest that experimenter-administered cocaine might lead to
increases in impulsive choice in delay-discounting tasks
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[73–75, 77, 79]. For example, Simon et al. [79] tested impul-
sive choice following 3 weeks of abstinence from chronic
cocaine administration and found that cocaine-exposed rats
showed greater preference for smaller, more immediately
available rewards, which suggests that cocaine exposure
might generate long-lasting increases in impulsive choice.
Similar findings exist when cocaine is self-administered as
opposed to experimenter-administered [80]. However, Broos
et al. [81] did not find that cocaine self-administration in-
creased impulsive choice, perhaps because rats in this study
consumed less cocaine than in other studies [80]. Consistent
with this notion, data suggest that cocaine-induced increases
in impulsive choice might depend on the amount of cocaine
consumed, such that “high self-administering rats”, which
self-administer higher quantities of cocaine, show increased
impulsive choice in a delay-discounting task following self-
administration, whereas “low-self-administering rats” do not
(Mitchell et al., Intake-dependent 1027 effects of cocaine self-
administration on impulsive choice in a 1028 delay
discounting task, Submitted).

While substantial data link impulsivity to substance use
and addictions, including aspects like relapse vulnerability
(for review see [33]), the role of impulsivity as an
endophenotype or predisposing factor to drug use is arguably
less clear. Some data suggest that abnormalities, dysregulation
or differences in brain structure and function might account
for both impulsivity and an increased propensity toward sub-
stance use and addictions.

Impulsive Endophenotypes and Addiction:
Developmental Considerations

Although impulsivity is relevant across the lifespan, adoles-
cence is a critical period in which impulsivity and sensation-
seeking are elevated [29] and drug use is often initiated [82].
Adolescents are more likely than adults or children to exper-
iment with tobacco, alcohol, and illicit drugs, as well as to
have unprotected sex and engage in reckless driving [29,
83–85]. By 12th grade, nearly 48 % of America’s youth have
experimented with illicit drugs, nearly 60 % have tried tobac-
co, and 71 % have sampled alcohol [82]. However, substance
use can be initiated at any point in life, and as demonstrated
above, impulsivity is correlated with substance use in adult
populations. In this section we will discuss impulsivity as
related to adolescent and adult populations.

Adolescence

A recent longitudinal study by Castellanos-Ryan et al. [86•]
investigated predictors (using the Eysenck Impulsiveness-
Venturesomeness-Empathy scale) at age 12 and developmen-
tal tempo between ages 11 and 13 of future substance use

between `ages 15 and 16 in boys with low socioeconomic
status. They found that both pubertal status (the development
point at a particular age) at age 12 and the developmental
tempo (the rate at which development occurs between ages 11
and 13) predicted increased levels of substance use in mid to
late adolescence, suggesting that the faster the boys develop,
the more likely they are to experiment with substances and
have substance-use problems. Additionally, sensation-seeking
partially mediated the relationship between pubertal status at
age 12 and substance use (but not impulse control); however,
developmental tempo was not related to either. Impulse con-
trol moderated the relationship between sensation-seeking
and, in particular, marijuana use, such that higher sensation-
seeking scores were associated with greater marijuana use, but
only in those boys who had lower impulse control. Similarly,
another study also found that sensation-seeking was associat-
ed with increased alcohol- and cannabis-use problems [87,
88]. These data suggest that there are personality traits that
may make individuals more vulnerable to substance use, and
that these traits may exist prior to substance use and not result
directly from use.

Mischel and colleagues have investigated mechanisms en-
abling delayed gratification or foregoing an immediate reward
for a larger, but delayed one, and the implications of such
behavior. In a famous experiment, sometimes referred to as
“the marshmallow experiment”, the ability for 4-year-old
children to forego a single marshmallow while sitting in a
room alone for 15 min for the reward of two marshmallows
was tested [89, 90]. This experiment has been replicated and
follow-up studies on individuals tested at young ages suggest
that preschool proficiency at delaying gratification might pre-
dict the capacity for cognitive control in adulthood. For ex-
ample, the extent to which children delayed gratification sig-
nificantly predicted subsequent scholastic aptitude test (SAT)
scores and social and emotional cognition in adolescence [91,
92]. Researchers have continued to follow the individuals
tested in the early experiments and their childhood delay-to-
gratification performance has predicted education achieve-
ment, sense of self-worth, and ability to cope with stress in
adulthood, all of which are factors associated with resilience
against addictions [93]. Metcalfe and Mischel proposed
“cool” and “hot” systems to explain the dynamics of resisting
temptation where “hot” systems refer to emotionally charged
processes that are under stimulus control and “cool” systems
refer to rational, controlled processes [94, 95, 96•]. The ten-
dency to delay gratification seems to be a relatively stable
within-group trait over four decades, as individuals showing a
greater propensity toward delayed gratification at age 4 also
did so in mid-life [96•]. The group showing a greater propen-
sity toward delay demonstrated greater recruitment of the
inferior frontal gyrus (implicated in impulse control) in sup-
pressing undesired actions and less ventral striatal activation
when suppressing undesired “hot” responses involving happy
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face cues, suggesting greater cortical control over subcortical
response in individuals tending to delay gratification [96•]. A
study using intrinsic principle component analyses [97] during
an inhibitory working-memory task suggested that the manner
in which brain networks (particularly cortical networks) oper-
ate and interact might underlie long-lasting tendencies relating
to delayed gratification [98]. Thus, these findings suggest that
tendencies early in life relating to impulse control might hold
long-term prognostic implications, and efforts aimed at en-
hancing self-control at early stages of development are impor-
tant to consider in the prevention of addictions.

In another study, the Substance Use Risk Profile Scale
(SURPS) was used to determine if certain personality profiles
in adolescents aged 12–13 years were predictive of substance
use a year later. Sensation-seeking and hopelessness were
predictive of alcohol and tobacco use and sensation-seeking
alone was predictive of marijuana use [99]. Using the same
scale in another study, Castellanos-Ryan and colleagues [100]
showed that impulsivity, sensation-seeking, and hopelessness
were predictive of alcohol- and drug-use problems in young
adolescents and adults, and that these factors were important
correlates of other emotional and behavior problems in ado-
lescence such as depression and conduct problems. Important-
ly, the SURPS subscales explained significant variance in all
problem indicators after controlling for gender, age, and eth-
nicity, at baseline and 18 months later, even after controlling
for baseline symptom measures. Impulsivity was the most
consistent and strongest predictor of substance-use and con-
duct problems [100].

Sher and colleagues have investigated how impulsivity and
alcohol and tobacco use in adolescence and young adulthood
may change as individuals mature. They recorded baseline
measures in impulsivity using questions from both the Tridi-
mensional Personality Questionnaire [12] and the Eysenck
Personality Inventory [13] and cigarette and alcohol use at
age 18. Subjects were then reassessed at ages 25, 29, and 35
years. Individuals who stop smoking show the greatest decrease
in impulsive behaviors between ages 25 and 35 [101•]. Addi-
tionally, individuals who show the most marked decreases in
impulsivity also show the steepest decrease in alcohol con-
sumption between ages 18 and 25 years [102, 103]. These data
suggest that changes in self-reported impulsivity correlate with
changes in substance use during young adulthood. As such,
screening for impulsivity during this period may help identify
high-risk individuals for addictions, and efforts to reduce im-
pulsivity through psychotherapeutic or pharmacological mech-
anisms may help reduce young adult substance abuse.

Adolescents score higher than adults on a Sensation-
Seeking Scale [104], and sensation-seeking has correlated
with substance misuse, perhaps through an increased need
for stimulation and high emotional states [105]. Castellanos-
Ryan and Conrod [106] reported findings suggesting that
choice impulsivity is only related to substance use when an

individual also displays an externalizing disorder and that
sensation-seeking and choice impulsivity are differentially
associated with substance use. Martin et al. [107] found that
sensation-seeking is increased in both males and females who
report nicotine and alcohol use, and that sensation-seeking
was also increased in males who reported marijuana use, with
sensation-seeking mediating the relationship between pubertal
development and drug use. Martin and colleagues [108] also
found that sensation-seeking correlated with disruptive behav-
iors, such that individuals with disruptive behaviors display
more sensation-seeking. In adults with and without ADHD,
only scores on the BIS-11 attentional subscale distinguished
the two groups [109], suggesting that the increased risk of
substance use in adolescents with externalizing disorders,
impulsivity might be a key feature underlying the relationship.

Adulthood

While impulsivity and substance use are strongly associated, it is
often difficult to disentangle whether trait impulsivity is a cause
or an effect of drug use in humans. Animal models have been
useful in investigating temporal relationships and have suggested
a bidirectional relationship such that impulsive animals show
greater susceptibility to drug use and drug use may increase
impulsivity (this is particularly true with stimulant use). Several
clinical studies implicate impulsivity as a possible pre-disposing
factor for substance use. Ersche et al. (2012) investigated brain
structure in individuals with stimulant addiction, their unaffected
biological siblings, and healthy unrelated control subjects [110].
They found that drug users and their biological siblings had
similar impairments in the stop-signal reaction task and structural
abnormalities that were distinctly different than those of unrelat-
ed healthy controls. These data suggest that the association
between impulsivity and substance use might have a neurobio-
logical familial trait in vulnerable individuals. Moreover, they
also found that such impairments and abnormalities were more
severe in the substance-using group, suggesting that aspects of
impulsivity might represent an endophenotype. As a follow-up,
Ersche et al. [111] investigated possible cognitive and personal-
ity endophenotypes for drug dependence. They found that the
cognitive profiles of unaffected siblings were characterized by
deficits in executive function such as working memory and
mental planning. Similar profiles of impaired response regulation
have been reported in adults with a family history of alcohol
dependence [112] and in children with drug-dependent parents
[113, 114]. Ersche et al. [111] also suggested that their datamight
indicate reduced emotional functioning in the sibling pairs, as
reflected by high levels of trait anxiety and stress sensitivity.
Consistent with this notion, the concept of negative urgency has
been proposed that describes a personality trait of impulsive
actions in response to intense negative affect [17]. It may be
possible that cognitive deficits, elevations in impulsivity, and
different/abnormal brain structure might be shared in family
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members prone to addictions, and these differences may predate
exposure to stimulant drugs and predispose to the development
of stimulant dependence.

Recreational cocaine users with and without familial histo-
ries of addiction may exhibit distinctive brain and behavioral
phenotypes [115•]. Both recreational users and stimulant-
dependent individuals report high levels of sensation-
seeking and display altered gray matter volumes in the
orbitofrontal cortex compared with unrelated healthy controls.
Both reduced volume in the orbitofrontal cortex and dysfunc-
tion in decision-making in adolescence have been associated
with the onset of substance use [116, 117], possibly increasing
the risk of developing dependence [118]. A recent animal
study investigated risk-taking in adolescent rodents as a pre-
dictor of future cocaine self-administration in adulthood and
found a bidirectional relationship between risk-taking and
cocaine self-administration such that greater risk-taking was
predictive of greater cocaine intake and cocaine intake in turn
resulted in elevations in risk-taking [119]. Risk-taking has
been linked to ventral striatal structure and function in adoles-
cent youth, with substance-abusing youth showing relatively
diminished ventral striatal activation and greater risk-taking
[120]. Taken together, data suggest that tendencies relating to
impulsivity might be linked to brain neurobiology, and that
these relationships exist early in life and might be altered by
drug exposure.

Translational Investigations of Endophenotypes

There is evidence for trait-like impulsive phenotypes, relating
to impulsive action [121] and impulsive choice [81, 122],
which occur naturally in rodents and have been useful for
investigating impulsivity as a predisposing factor for drug use.
Studies in rodents indicate that such ‘trait’ impulsivity might
predict addiction-related behaviors, although this relationship
is dependent on impulsivity sub-type and drug class [119,
121–124]. Rats selected for impulsive action show greater
self-administration of various substances such as cocaine
[121], nicotine [125], alcohol [126], and methylphenidate
[127], though not heroin [128]. Trait impulsive choice may
predict both the acquisition and escalation of cocaine self-
administration [122, 129] (notably, choice impulsivity may
predict resistance to extinction and enhanced relapse propen-
sity to both nicotine [125] and cocaine [81]). A recent study
investigated early and prolonged exposure to delayed rewards
by separating adolescent rats into fixed-delay, progressive-
delay, and no-delay exposure groups and then assessed future
alcohol self-administration [130]. Early and prolonged expo-
sure (either fixed- or progressive-delayed groups, compared
with no exposure to delay) resulted in less impulsive choice.
Rats that were in the fixed-delay group self-administered more
alcohol than either the progressive-delay or the no-delay
group [130].

Impulsivity and Treatment Outcome

Impulsivity and Inhibitory Control as Predictors
of Treatment Outcome

Measures of impulsivity and inhibition are not only predictive
of or associated with substance use, they may also predict
treatment outcome. For example, delay discounting has pre-
dicted treatment abstinence in treatment-seeking adolescent
marijuana smokers [131] and adult cigarette smokers [132].
Additionally, other behavioral measures of impulsivity and
related constructs (e.g., discounting tasks and the Stroop) in
treatment-seeking adult smokers and cocaine-dependent indi-
viduals have been predictive of treatment abstinence [23,
133]. While most studies using impulsivity as a predictor of
abstinence are conducted in treatment-seeking participants, a
study by Dallery and Raiff [134] investigated delay
discounting as a predictor of cigarette smoking in a laboratory
model of abstinence reinforcement in a group of smokers that
was not treatment-seeking. After a 3-h deprivation period,
participants were asked to complete a delay-discounting task
and could earn progressively increasing amounts of money for
each 30-s period of abstinence from smoking in each of three
sessions (control, $5.00 for low sessions, and $20.00 for high
sessions). Results showed that both low and high conditions
increased the tendency to smoke relative to the control ses-
sion. During the low condition, higher rates of delay
discounting predicted cigarette smoking [134], such that indi-
viduals who decided to smoke had higher rates of delay
discounting than those who decided to abstain. These data
suggest that inhibitory control is an important component to
the ability to remain abstinent and that improving an individ-
ual’s inhibitory control may provide more promising treat-
ment outcome.

Impulsivity and Inhibitory Control as Tools to Improve
Abstinence

Recently, there has been a focus on investigating whether
practicing or improving inhibitory behavior may be beneficial
in improving treatment abstinence and preventing relapse.
Muraven [135] split smokers who were planning on quitting
into two groups. The first practiced two small acts of self-
control for 2 weeks prior to quitting and the second practiced a
task that increased their self-awareness of self-control without
actually exercising self-control for 2 weeks prior to quitting.
They found that individuals who practiced self-control
remained abstinent longer than those who practiced self-
awareness but not self-control, and that practicing self-
control increased the odds of quitting by a factor of 1.56
[135]. In addition to smoking cessation, inhibitory training
has also been used to reduce alcohol abuse. Houben and
colleagues have conducted several studies investigating
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whether improving working memory and inhibitory control
can reduce alcohol intake. They had problem drinkers perform
a working memory training task (or control task) over the
course of 25 days. They found that training working memory
improved working memory and reduced alcohol intake for
more than 1 month after cessation of training. Interestingly,
automatic impulse level was a significant moderator of the
indirect effect of working memory training on alcohol use
[136]. Additionally, Houben and colleagues have developed
a beer go/no-go paradigm during which participants are
assigned one of two conditions. The first is a beer/no-go
condition in which participants perform a go/no-go task that
consistently pairs no-go trials with alcohol-related stimuli to
increase response inhibition for alcohol-related stimuli. The
second condition is a beer/go condition in which participants
were required to respond to the alcohol-related stimuli during
the go/no-go task. They found that heavy drinkers assigned to
the beer/no-go condition showed a significant reduction in
both implicit attitudes toward alcohol and weekly alcohol
intake the week following training compared with before go/
no-go training [137, 138]. Jones and Field [139] modeled a
stop-signal task after the beer go/no-go task (from Houben
et al.) in which participants were required to press one button
for alcohol-related stimuli and another button for neutral stim-
uli on go trials and then refrain from pressing either button on
stop-signal trials. Results suggest that training reduced alcohol
consumption in the laboratory, but did not reduce self-reported
drinking the week following training [139]. Differences in
findings between the two studies may be related to differences
in stimuli presented (Jones et al. presented both alcohol-
related and neutral stimuli) and/or the nature of the task (go/
no-go vs stop-signal). Regardless of differences, taken togeth-
er, the data suggest that tasks that improve inhibitory control
might provide promise in increasing and maintaining absti-
nence. Curiously, Garavan, Foxe, and colleagues [140, 141]
investigated inhibitory control in abstinent cocaine-dependent
individuals (average abstinence was 32.3 weeks) and ob-
served a potential “recovery” of the inhibitory systems such
that while current cocaine users show deficits in inhibitory
control, abstinent cocaine-dependent participants do not show
differences while performing inhibitory control tasks com-
pared with control participants. These data provide additional
evidence supporting the role of inhibitory control over drug
use in treatment outcome and suggest that the relationships
between these factors should be investigated further.

Conclusions

Data indicate that impulsivity and sensation-seeking are relat-
ed to substance use (regardless of type of substance). Howev-
er, the degree to which different aspects of impulsivity or
related constructs specifically predispose to or are the result

of use of specific substances remains to be determined more
precisely.While specific traits may increase propensity toward
substance use, additional longitudinal studies are needed to
determine how potential fluctuations in facets of impulsivity
and sensation-seeking might correlate with substance-use be-
haviors and disorders. Considering how aspects of impulsivity
might change during treatment (and might represent a poten-
tial target for treatment) also requires additional investigation.
Additional research should also investigate heritability factors
relating to impulsivity. As noted previously [48], behavioral
measures of impulsivity will also be critical for advancing our
knowledge and understanding of the relationships between
impulsivity and substance use. Findings from such studies
should help advance the development of improved and
targeted prevention, treatment, and policy efforts.
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