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Summary

In this review article, we aim at analysing the role of stress
in addiction and relapse. In order to do so, we first offer
a summary of the findings from affective neuroscience try-
ing to understand compulsive reward-seeking behaviours.
These behaviours are characterised by an imbalance be-
tween the considerable amount of effort an individual is
willing to mobilise to obtain a reward and the comparative-
ly little pleasure that is felt once the reward is obtained and
consumed.

We illustrate how the neuropsychological mechanisms un-
derlying these behaviours might play an important role in
substance addiction and in particular for stress-induced
relapse. We then review evidence suggesting that a per-
sonalised health approach would be particularly beneficial
in order to better understand the role of stress in addiction
and relapse in humans. More specifically, observing indi-
vidual differences during distinct forms of learning (Pavlov-
ian, habitual and goal-directed learning) might represent a
very promising way to identify risk profiles for compulsive
reward-seeking behaviours, addiction, and vulnerabilities
to relapse under stress.
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Introduction

One of the most paradoxical phenomena of human behav-
iours is that in many situations individuals will invest a
considerable amount of effort to obtain an object of their
desire; however, once they obtain the object they only ex-
perience it as little bit pleasant compared with the immense
effort they mobilised. This happens in nonpathological be-
haviours such as occasional overeating, but it becomes em-
blematic in the case of substance addiction, where indi-
viduals are willing to go to extraordinary lengths in order
to obtain a substance, even though after a period of time
the substance itself elicits less and less pleasurable feelings
during its consumption [1].

This kind of pursuit of rewards, such as drugs or alcohol,
has been characterised as compulsive because it not only
persists despite the total absence of positive consequences
but it also persists despite the presence of adverse con-

sequences [2–5]. Compulsive reward-seeking behaviours
play an important role in several psychiatric disorders (fig.
1), but in this review we will focus on substance addiction
(or substance use disorder). In particular, we will illustrate
how stress exacerbates compulsive reward-seeking behav-
iours and in turn triggers relapses in substance addiction
[6].

Strikingly, very large individual differences exist when it
comes to the development of compulsive reward-seeking
behaviours in substance addiction [7]. Decades of research
in affective neuroscience have been devoted to understand-
ing how and why some individuals are more vulnerable
than others to situations where choice behaviours are hi-
jacked in the service of outcomes that are no longer –
or very little – valued by the individual [1, 4, 5, 8–11].
This research has aimed at identifying the underlying neu-
ropsychological mechanisms that can lead to compulsive
reward-seeking behaviours where the amount of effort mo-
bilised to obtain an outcome is no longer justified by its
value.

Here, we summarise findings from this literature and we il-
lustrate how the neuropsychological mechanisms implicat-
ed in compulsive reward-seeking behaviours can elucidate
how and why individuals are more likely to relapse under
stress in the case of substance addiction. We summarise lit-
erature suggesting that the balance between two fundamen-
tal learning systems – goal-directed and habitual learning
– is critical for the understanding of compulsive reward-
seeking behaviours. We present findings suggesting that
individual differences observed during Pavlovian learning
could be promising to identify risk profiles for compulsive
reward-seeking behaviours. Critically, at each step, we il-
lustrate how these mechanisms can be applied to better un-
derstand substance addiction and vulnerabilities to relapse
under stress.

Neuropsychological mechanisms of compulsive
reward-seeking behaviours

The presence of compulsive reward-seeking behaviours is
one of the key characteristics of substance addiction. These
behaviours are defined by the persistent pursuit of a re-
ward, despite that reward being no longer valued by the in-
dividual: there is a disparity between the choice behaviour
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and the amount of mobilised effort on one hand, and the
actual pleasure the individual experiences once that reward
is obtained on the other [1, 4, 5]. Affective neuroscience
suggests that these kinds of behaviours arise from the ex-
istence of different learning mechanisms exerting parallel
controls on behaviour [12–15]. Classically, three learning
systems controlling behaviour are distinguished: goal-di-
rected control (driven by goals), and habitual control and
Pavlovian control (which are both driven by cues).

Pavlovian control is one of the oldest learning mechanisms
shared across the animal kingdom and has a deep influence
on human physiology [16–18], behaviour [19–22] and cog-
nition [23, 24]. In Pavlovian conditioning, reflexive condi-
tioned behaviours [14, 15] (e.g., salivating) or motivational
states [25–27] can be triggered by an environmental stim-
ulus (e.g., a ticking sound from a metronome) that predicts
the delivery of an affectively significant outcome (e.g.,
food). During Pavlovian conditioning, the organism learns
the association between a stimulus and an outcome that oc-
curs independently of its behaviour. Conditioned Pavlov-
ian behaviours (e.g., salivating) help the organism prepare
for the outcome delivery (e.g., arrival of food), but do not
allow the organism to actively increase the probability of
obtaining the rewarding outcome [14]. On the other hand,

goal-directed control and habitual control involve learn-
ing about an instrumental action (e.g., pressing on a lever)
that actively increases the possibility of obtaining a reward
(e.g., food).

Goal-directed control involves learning the association be-
tween a specific action (e.g., ordering a glass of wine) and
the current value of its outcome (e.g., pleasure while drink-
ing the glass of wine; fig. 2). This class of behaviours (i.e.,
goal-directed actions) is driven by a rich representation of
the outcome and its causal relationship with the action.
Therefore, behaviour under goal-directed control is flexi-
bly proportional to the predicted value of the outcome that
it is leading to. Importantly, this flexibility comes at a cost:
goal-directed control demands significantly more cogni-
tive resources to implement than habits [9, 14, 28].

Habitual control is highly efficient and can be executed
with minimal cognitive effort. Unlike goal-directed ac-
tions, habits are driven by environmental cues (e.g., seeing
a bar) and are executed reflexively (e.g., automatically or-
dering a glass of wine) regardless of the current value of
the outcome the action is leading to (fig. 2). However, this
implies that actions can come to be selected even if the ac-
tion’s outcome is no longer relevant to or valued by the in-
dividual (e.g., ordering a drink even though drinking it is

Figure 1: Illustration of compulsive reward-seeking behaviours as a trans-diagnostic dimension. Compulsive reward-seeking behav-
iours are implicated in several psychiatric disorders such as substance addiction, binge eating, and various kinds of behavioural addictions
(e.g., gambling, internet, shopping). In this review, we focus on their role in substance addiction (or substance use disorder), particularly in
stress-induced relapse.
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