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Decision-making deficits in drug addiction
Luke Clark and Trevor W. Robbins

Core aspects of addictive behaviour can be
explained in terms of abnormal decision-
making. Using recording of autonomic
function during performance of two
gambling tasks, Bechara et al. have recently
identified three distinct neuropsychological
subtypes in individuals with substance
dependence. These subtypes may reflect
dissociable patterns of disruption in limbic
brain circuitry.

Characterization of the cognitive
mechanisms involved in chronic
substance abuse has clear implications for
pharmacological and rehabilitative
treatment strategies, and also impacts
upon our understanding of cognitive and
motivational processing in the healthy
brain. The relationship of decision-making
to addiction has received particular
attention recently. Decision-making
involves, first, the assessment of reward
and punishment associations to the
available response options, and second,
the selection of the option calculated to be
optimal. In chronic substance abuse,
decision-making appears to be altered in
terms of the trade-off between short-term
reward and the long-term negative
consequences of drug abuse on health,
employment and family life [1].

Neuropsychology of decision-making
Two recent studies by Bechara and
colleagues [2,3] have investigated the
decision-making profile in substance
abuse, using a neuropsychological
measure known as the Gambling Task
(see Fig. 1). In this task, subjects are

presented with four decks of cards and
must make a long series of decisions,
picking from any deck on each go without
knowing that there are ‘safe’and ‘risky’
decks. Over 100 choices, healthy subjects
typically develop a preference for the ‘safe’
decks (C and D) over the ‘risky’ decks
(Aand B). This learning has a
physiological correlate in the development
of an ‘anticipatory’ skin conductance
response (SCR) prior to selection from the
risky decks [4], which is assumed to reflect
some awareness that the decision could
result in high punishment.

Patients with brain damage in the
ventromedial region of prefrontal cortex
(PFC) perform poorly on the Gambling
Task [4]. They continue to select from the
risky decks even after accruing
considerable financial debt, and fail to
develop anticipatory SCRs to the risky
choices, despite showing normal post-choice
autonomic responses to reward and
punishment. Their decision-making
deficit has been labelled ‘myopia for the
future’'—these patients are unable to use
ongoing feedback to guide future responses,
and therefore evaluate each decision in
terms only of the immediate reward
available. This pattern is consistent with
the real-life cognitive difficulties seen in
patients with lesions in this area.
However, ventromedial PFC is unlikely to
function in isolation: in particular, the
ventral striatum and amygdala are known
to be part of an extended neural network
involved in motivational processing and
goal-driven behaviour [5]. Amygdala
damage also impairs performance on the

Gambling Task, but is associated with a
distinct autonomic profile, with blunted
responses to task punishment and to
aversive noise [6].

Decision-making heterogeneity in
substance-dependent individuals

Grantet al. have previously tested a group
of multiple-drug users recruited from the
community on the Gambling Task, and
reported increased selection from the risky
decks relative to controls [7]. Becharaet al.
[2] extended these findings in a larger and
more clinically severe group by
administering the task with physiological
monitoring to a group of 46 individuals,
who were undergoing drug rehabilitation
at an inpatient centre and who met
DSM-1V criteria for alcohol or substance
dependence. The group consisted of
approximately similar numbers of alcohol-,
cocaine-, and amphetamine-preferring
poly-drug users. Performance was
compared against a healthy control group
and 10 patients with ventromedial PFC
damage. Gambling performance in the
substance-dependent group fell midway
between the control and ventromedial
groups, and differing significantly from
both. This pattern might plausibly reflect a
learning deficit, which causes subjects to
persist with the risky decks for longer at
the start of the task, before eventually
acquiring the successful strategy — this
would be compatible with the mild deficit
reported previously in mania[8], for
example. By contrast, the profile in the
substance-dependent group resembled
more closely a bimodal distribution: 63% of
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Fig. 1. Schematic representation of the display from the Gambling Task, showing the reward and punishment

contingencies in the original and variant versions.

the group showed gambling task deficits
consistent with ventromedial PFC
dysfunction, preferring the risky decks for
the entire duration of the task. The
remaining 37% behaved like the controls
from the start of the task. Critically, the
subgrouping was unrelated to the
substance abused, and was supported by
the physiological measurements: the
impaired substance-dependent group
showed no evidence of an anticipatory SCR
whereas the non-impaired group clearly
developed this effect.

A follow-up study used a modified
version of the Gambling Task in the same
substance-dependent group [3]. The
variant task was designed to differentiate
hypersensitivity to immediate reward from
insensitivity to long-term punishment.
These are conceptually independent
factors, which can both impair performance
and contribute to addictive behaviour. The
variant task separates these processes by
reversing the reward and punishment
contingencies (see Fig. 1). Substance-
dependent individuals who performed well
on the original task also performed well on
the modified task. However, within the
group that were impaired on the original
task, a further division became evident.
Roughly a third of that group were also
impaired on the variant task, indicating
that they were insensitive to future
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consequences regardless of the emotional
valency. This effect has previously been
shown in patients with ventromedial PFC
damage [9]. The remaining two-thirds of
the group acquired the successful strategy
on the modified task, despite showing
impairment on the original task. This
indicated that feedback about reward, but
not about punishment, was able to guide
long-term decision-making in these
individuals. Moreover, this subgroup
showed a distinctive physiological profile
on the modified task. Firstly, their SCR to
reward was exaggerated, and secondly, the
anticipatory SCR on the safe decks became
larger over time, whereas in control
subjects the anticipatory SCR to the risky
decks became larger as the preference
developed. This subgroup, which
constituted the largest proportion of the
substance-dependent individuals,
displayed hypersensitivity to reward
coupled with hyposensitivity to
punishment. The amygdala is known to
have a critical role in processing the
incentive value of stimuli [6], but is also
activated by punishment [10,11], and an
imbalance in the amygdala could produce
this decision-making bias [3].

Methodological issues in addiction research
Abnormalities in ventromedial PFC and
amygdala therefore appear to be

associated with distinct manifestations of
decision-making impairment. Functional
neuroimaging potentially provides a
further step for confirming these
dissociable neuroanatomical substrates,
and the clinical and rehabilitative
significance of the heterogeneity is
another target for research. However, the
precise nature of neuropsychological
dysfunction in addiction remains unclear.
Chronic exposure to substances of abuse
might first cause neurotoxic damage [12]
with subsequent concomitant effects upon
cognition. Animal research has repeatedly
demonstrated examples of this model,
revealing pathological and behavioural
changes following chronic administration
of stimulants [13], which frequently
persist after prolonged abstinence. The
alternative is a diathetic model, where
developmental or genetic abnormalities in
decision-making circuitry predispose the
individual to addictive behaviour to a
range of substances [14]. Assessment of
background neuropsychological
functioning in Bechara's group revealed
largely intact memory, attention and
executive functioning [2]. A relatively
selective impairment in decision-making
in a mixed group of chronic substance
abusers is perhaps more compatible with
a diathetic model than with exposure-
induced damage. Exposure also seems
unlikely given that the impaired and
unimpaired subgroups in their first study
were comparable in terms of years of
abuse and length of time in treatment.

The issue of cause and effect in addiction
research is approached more directly
through research on experimental animals,
where developmental and environmental
factors can be carefully controlled, and the
confounding effect of poly-drug use can be
avoided. Further methodological obstacles
for research on substance-dependent
groups are psychiatric co-morbidity and
abstinence effects. Although a policy of
excluding any subjects with psychiatric
co-morbidity could be criticized for
‘throwing the baby out with the bathwater’,
subjects in the Bechara et al. studies were
given a full psychiatric screening and a
points system for each diagnosis; subjects
scoring above 3 were excluded. Participants
in the two studies had also been abstinent
for at least 15 days, which is pertinent
given neuroimaging data showing
ventromedial PFC modulation during
both acute drug craving and short-term
withdrawal [15,16].
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Component processes in decision-making
The learning context of the Gambling Task
complicates its use in functional
neuroimaging, where a carefully-matched
control task is needed for subtraction
analysis. A recent PET study by Ernst
etal. [17] contrasted Gambling Task
performance with a control condition using
a specified order of card selection (i.e. A, B,
C,D-A,B,C,D,etc...). Both dorsal and
ventral aspects of PFC were activated in
this subtraction, associated with the
volitional aspects of decision-making.
However, both conditions in this study
involved evaluating the reward and
punishment associations of the different
decks, which might be more relevant to the
deficits in some patient populations than
others. Itis possible to remove the learning
element of the Gambling Task by fully
specifying the variables in the gambleon a
trial-by-trial basis. A PET study using the
‘Risk Task’'[18] demonstrated activations
in three distinct regions of ventral PFC
(Brodmann areas 10, 11, and 47) during a
decision-making conflict between a large
but uncertain reward, and a smaller but
more likely reward. Another decision-
making test has been developed that
further separates probabilistic reasoning
in decision-making from actual risk-taking
behaviour, and there is accumulating
evidence that these two factors might be
doubly-dissociable [14,19].

The Gambling Task also confounds a
topical theoretical distinction between
delay and uncertainty. Temporal- (or
delay-) discounting tasks assess how
subjects prioritise a small immediate
reward over a larger but delayed reward.
Opiate addicts have been shown to
discount large delayed rewards more than
control subjects do [20]. A probabilistic
discounting task, by contrast, assesses
how subjects prioritise a small but certain
reward over a larger but uncertain
reward. The framework of the Gambling
Task emphasizes the dimension of
uncertainty; the larger rewards carry a
concomitant risk of high punishment.
However, the task also has an delay
component, because the successful
strategy involves prioritising a slow but
steady approach over fast short-term gain,
and indeed performance on the Gambling
Task has been shown to correlate with
that on a delay-discounting task, in a
group of cocaine addicts [21]. Meanwhile,
the validity of this distinction remains
controversial, with theorists such as
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Rachlin arguing that delay and
uncertainty are inherently linked and
processed in a unified manner [22].
Temporal and probabilistic discounting
indices often do correlate closely [23], and
orbitofrontal cortex lesions in the rat
increase discounting of both variables [24].
Against a unified model, however,
Green et al. report opposing effects of the
manipulation of reward on temporal and
probabilistic discounting [25], and
serotonergic lesions in the rat selectively
disrupt temporal but not probabilistic
discounting [26]. Consensus is still to be
found, therefore, in this dynamic field.
Characterization of the decision-
making deficit in chronic substance
abuse is thus constrained by current
theoretical models of decision-making, as
well as by limited understanding of the
underlying neuroanatomy and
neurochemistry. The findings of the two
Bechara studies are important because
they highlight behavioural and
physiological subtypes in substance
abuse, using a single task believed to tap
a core construct in addictive behaviour.
This heterogeneity could account for
inconsistencies in the existing literature,
but must also be taken into account in
future research if its full clinical
significance is to be understood.
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