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The most important choices that we have to
make in life often entail both positive and
negative consequences. As common wis-
dom suggests and as formalized in many
economic theories, the best choice of action
is the one that maximizes rewards and plea-
sure and minimizes losses and pain. How-
ever, the way that positive and negative
outcomes are weighted against one another
within our brains is only beginning to be
unraveled by the emerging discipline of
neuroeconomics. We believe that the find-
ings yielded by this scientific enterprise will
not only prove to be useful for the under-
standing of our decision-making processes,
but will also shed light on the way the value
of pain is represented in our brains and how
it influences our behavior.

In a recent neuroimaging experiment,
Talmi et al. (2009) examined the effects of
pain on reward sensitivity in a task in which
rewards were paired with painful electrical
stimulations. For each trial, participants had
to choose between two options bearing ei-
ther a high (75%) or low (25%) probability
of receiving an electrical stimulation. On
each trial, one of two possible pairs of op-
tions was presented to the participants. For
one pair of options, the intensity of the stim-
ulation outcome was always set at a non-

painful level, whereas for the other, electrical
stimulations were always set at a painful
level. The probabilities of the stimulation
outcomes associated with each option were
learned beforehand in a pre-experimental
session. During the experimental session,
electrical stimulations became systemati-
cally paired with monetary rewards. The
value of the reward at stake for each trial was
displayed at the beginning of the trial along
with the pair of options. For the trials with
nonpainful outcomes, participants simply
chose the option with the highest probabil-
ity of reward. However, for the trials with
painful outcomes, participants increasingly
chose the low-probability option as the
value of monetary reward decreased, indi-
cating an interaction between pain and re-
ward [Talmi et al. (2009), their Fig. 2]. Brain
imaging results showed that this effect was
paralleled by a reduced activation in reward-
related regions of the brain, such as the ventral
striatum and the rostral anterior cingulate
cortex (rACC), when participants were de-
ciding which option to choose [Talmi et al.
(2009), their Fig. 4]. Thus, the prospect of
pain rendered rewards less desirable and de-
creased reward-related activity in the brain.

Interestingly, activation of right anterior
insula (raINS) during pain trials was larger
among participants for whom the interac-
tive effect of pain on choice behavior was
stronger [Talmi et al. (2009), their Fig. 5].
This finding of a correlation between raINS
activity and pain avoidance behavior is con-
sistent with the results of previous studies
implicating the anterior insula in the antici-
pation and prediction of pain. Moreover,

results from other studies suggest that the
avoidance function of the raINS is not lim-
ited to pain, but also is associated with other
forms of aversive events, such as monetary
losses. For instance, right insula activation
was shown to predict, on a trial-by-trial ba-
sis, the deterrent effects of high prices on
purchasing decisions (Knutson et al., 2007).

These findings also fit nicely with recent
models of interoception and emotional
awareness. According to one of these mod-
els (Craig, 2009), the foundation for our
emotional feelings lies in the neural repre-
sentation of the physiological condition of
the body in the insular cortex. Raw intero-
ceptive signals coding for the homeostatic
status of the body, such as pain, would first
project to the posterior insula and become
progressively integrated with contextual
motivational and hedonic information as
they progress toward the anterior insula.
The culminating point of this progression
would be a complex and rich representation
of the “global emotional moment” in the
anterior insula. In accordance with the “so-
matic marker” hypothesis of Damasio (1993),
this meta-representation of bodily states
would constitute an emotional feeling, ac-
cessible to consciousness and providing the
“gut-feeling” that often guides our decision
processes. In the case of the experiment of
Talmi et al. (2009), the raINS activation might
have represented the bad feeling associated
with pain anticipation that discouraged
participants from choosing the high-prob-
ability option when rewards were low. In
support of this interpretation, skin conduc-
tance responses in pain trials were higher for
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participants whose choices were more influ-
enced by the interactive effects of pain, link-
ing choice behavior to physiological arousal.

The involvement of the anterior insula,
and specifically the raINS, in the anticipa-
tion of aversive events in general led some
researchers to propose a key role for this
structure in affective disorders. Moreover,
increased raINS activation during pain an-
ticipation was found to predict higher pain
responses in depressed patients vs controls
(Strigo et al., 2008). It is therefore not sur-
prising to see that patients with idiopathic
chronic pain disorders, who often exhibit
anxiodepressive symptoms, also show in-
creased pain-related activation in the raINS
(Gündel et al., 2008). Indeed, a key finding
in the study of pain-related disabilities is
that pain-related fear is a far better predictor
of pain-related disability than pain intensity
itself. Thus, the interindividual differences
in the effects of pain on reward sensitivity
observed by Talmi et al. (2009) could very
well reflect interindividual differences in
pain-related fear, especially since the subjec-
tive intensity of the painful stimulation was
set constant across participants. As a matter
of fact, one of the most debilitating conse-
quences of chronic pain is the withdrawal
from previously valued activities to avoid
pain. Consequently, one of the targets of
psychotherapy for chronic pain is to help
patient weight the value of their pain-
avoiding behavior against that of the aban-
doned pleasurable activities.

To persuade people to accept aversive
consequences, it is common practice to offer
them a compensatory benefit. In fact, this is
exactly what happened to the participants in
the experiment of Talmi et al. (2009) when
they switched from a pre-experimental con-
ditioning session, in which the painful stim-
ulus was not accompanied by any reward, to
the experimental session where pain and re-
ward were paired. The inclusion of rewards
in the experimental session had a dramatic
effect on their choice behavior: the partici-
pants, who had chosen the low-probability
option 82% of the time during the preex-
perimental conditioning session, switched
to choose the high-probability option al-
most 80% of the time to get the newly intro-
duced reward.

This almost instantaneous shift in choice
behavior after the inclusion of rewards is
highly suggestive of a goal-directed process.
Goal-directed processes, which are sensitive
to feedback about goal values, are often dis-
tinguished from actions that have become
relatively automatic or habitual after an ex-
tended period of learning. It is quite proba-
ble that the pain-avoidance choices in the
experiment of Talmi et al. (2009) were ren-

dered somewhat habitual as a result of ex-
tensive learning during the preexperimental
conditioning session. The persistence of
these automatic pain-avoiding choices dur-
ing the experimental session could explain
in part the interactive effect of pain on the
appetitive, goal-directed choices instanti-
ated by the explicit inclusion of rewards. A
more systematic exploration of this hypoth-
esis could be relevant to our understanding
of chronic pain and pain-related disabilities,
as these have often been attributed to an in-
flexible learning of the contingencies associ-
ated with pain. In doing so, pain researchers
would adopt a strategy that has proven quite
fruitful in the study of many psychiatric dis-
orders, such as obsessive-compulsive disor-
der and drug addiction.

The identification of the brain systems
involved in overcoming pain avoidance by
rewarding stimuli would also improve our
understanding of endogenous pain-regula-
tory mechanisms. Unfortunately, the exper-
imental design of Talmi et al. (2009) was not
well suited to answer that question. Never-
theless, the finding that the nucleus accum-
bens (NA) and the rACC integrated the
values of pain and gain makes these struc-
tures well positioned to regulate pain avoid-
ance tendencies in the face of pursuable
rewards. Indeed, ACC-lesioned animals are
disinclined to exert effort to obtain higher
rewards, even though they have no deficit
in the valuation of these rewards per se.
(Walton et al., 2003). Strikingly, the rACC is
also repeatedly shown to be involved in the
antinociceptive effects of cognitive inter-
ventions, such as distraction or placebo an-
algesia. This is particularly interesting since
recent accounts of placebo analgesia under-
line the key role of motivational factors and
brain structures associated with motivation,
such as the NA and the subgenual and
rACC, in the generation of placebo effects
(Scott et al., 2008). Altogether, these find-
ings point to the involvement of the NA and
rACC in the overcoming of pain when it in-
terferes with the pursuit of more valued,
meaningful goals.

Interestingly, personality traits associ-
ated with dopaminergic neurotransmis-
sion, such as novelty seeking, behavioral
drive, fun seeking, reward responsiveness,
and harm avoidance (which is inversely
related to dopamine), were recently shown
to predict the amplitude of placebo anal-
gesia, as well as NA gray-matter density
(Schweinhardt et al., 2009). Moreover, genes
involved in dopaminergic neurotransmis-
sion have also been shown to influence pain
sensitivity. For instance, a polymorphism of
the catechol-O-methyl-transferase (COMT)
gene coding for high activity of the dopa-

mine-regulating COMT enzyme has been
linked to reduced pain sensitivity (Zubieta
et al., 2003). Conversely, polymorphisms
coding for low activity of the COMT en-
zyme, along with pain catastrophizing, have
recently been shown to predict the occur-
rence of postoperative pain (George et al.,
2008). A better understanding of the man-
ner in which these genetic and psychological
predispositions impact the valuation of pain
and rewards as well as their interaction in
the brain could help explain why individuals
react so differently to pain. Experimental
paradigms developed within the framework
of neuroeconomics, such as the one devel-
oped by Talmi et al. (2009), may prove
highly useful in this endeavor and might
bring meaningful insights to our current
understanding of chronic pain and pain-
related disabilities.
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