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he Placebo Response as a Reward Mechanism
arah C. Lidstone, BSc,* Raul de la Fuente-Fernandez, MD,† and
. Jon Stoessl, MD, FRCPC*

Placebo responses occur in a wide range of medical conditions, yet the underlying
mechanisms remain poorly understood. On the basis of our observations of patients in
Parkinson’s disease, we have argued that the placebo effect is partly mediated by the
activation of reward circuitry and that mesocorticolimbic dopamine release, particularly in
the ventral striatum, plays a central role. Expectation has been shown to be critically
involved in placebo responses. We argue that in patients with Parkinson’s disease, place-
bo-induced expectation of clinical improvement is a form of expectation of reward, which
results in striatal dopamine release. Reward circuitry also may be involved in other placebo
responses, such as placebo analgesia, given the interactions between dopamine and
endogenous opioid systems. Despite the heterogeneity of placebo responses, we propose
that activation of reward circuitry may represent a common mechanism underlying the
placebo effect, and that dopamine and prefrontal cortical circuits interact to produce a
condition-specific physiological response.
Semin Pain Med 3:37-42 © 2005 Elsevier Inc. All rights reserved.
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he placebo effect is a fascinating phenomenon that has
long puzzled medical practitioners and researchers.

rominent placebo effects occur in patients with pain, de-
ression, Parkinson’s disease (PD), and some surgical proce-
ures, but whether or not the various placebo responses ob-
erved in these conditions share a common mechanism—
lthough an intriguing possibility—is not yet known.

Our observations in patients with PD have advanced the
ypothesis that the placebo effect is mediated by the activa-
ion of reward circuitry in the brain. Specifically, we have
rgued that the placebo-induced motor improvement seen in
atients with PD represents a form of expectation of reward,
hat is, the patient’s own expectation of symptom improve-
ent (which is elicited by the placebo) activates the same
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ircuitry that is involved in the expectation of rewards in
eneral. This hypothesis extends the expectation model of
he placebo effect, originally described by Kirsch to explain
lacebo effects that arose in the absence of classical condi-
ioning.1 It essentially states that a person’s expectations
bout their subsequent response to a placebo are central to
he placebo effect, that is, the cognitive expectation triggers
he biochemical placebo response. Expectation has been
hown to play a critical role in placebo effects in PD2,3 and
ain.2,4-6 On the basis of our findings in PD, there is reason to
elieve that the “expectation” of clinical benefit and the “ex-
ectation” of reward activate common circuitry in the brain
nd that these contribute to the mechanism of the placebo
esponse.

eward Circuitry and Midbrain
opamine (DA) Neurons

timuli which, when administered to an organism after a
orrect or desired response, produce repeated approach be-
aviors or the repetition of responses are called rewards.7,8

hus, a reward is an operational concept used to describe the
ositive value that an animal attributes to an object, behavior,
r internal physical state (for discussion, see Breiter and
osen9). In the early 1950s, Olds and Milner8 conducted a

eries of experiments using intracranial self-stimulation in
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ats that set the basis for the characterization of the reward
ircuitry. They demonstrated that rats would consistently
ress a lever to receive electrical stimulation through an elec-
rode implanted in several different areas of the brain.
hrough these experiments, they concluded that the stimu-

ation of certain brain areas was sufficient to be rewarding to
he animal. These findings were soon extended to humans.7

uring the past 3 decades, drug addiction research has pro-
ided further insight into reward circuitry by identifying
rain areas that sustain active intracranial self-administration
y animals, as well as areas activated in neuroimaging studies
n human drug addicts. Not surprisingly, these areas contain
any of the same sites originally identified by Olds and Mil-
er.
The reward circuitry comprises striatal, limbic, and pre-

rontal cortical structures in which midbrain dopamine (DA)
eurons play a critical modulatory role. DA-producing neu-
ons with cell bodies in the ventral tegmentum and dorsal
rea of the substantia nigra, pars compacta send widespread
rojections throughout the forebrain, making up the meso-
ortical and mesolimbic DA systems. Mesocortical DA neu-
ons innervate several frontal cortical structures such as the
rbital, dorsolateral, and medial prefrontal cortices, and to a
esser extent the motor cortex and hippocampus. Conversely,

esolimbic DA neurons project heavily to the ventral stria-
um, especially the nucleus accumbens, and to limbic struc-
ures including the septal nuclei and amygdala, among oth-
rs. These systems are distinguished from the nigrostriatal
A system which consists of neurons in the more ventral
reas of the substantia nigra that project to the dorsal striatum
caudate and putamen). The ventral tegmental area, nucleus
ccumbens, prefrontal cortex, and amygdala (including the
o-called “extended amygdala”) are considered to be major
tructures in reward processing,9-11 and DA is the key neuro-
hemical involved. Indeed, Schultz and colleagues have
hown that in primates, 55% to 80% of DA neurons are
ctivated in response to primary liquid and food rewards as
ell as visual and auditory stimuli that predict such re-
ards.12

Although these neurons project to both the ventral and
orsal striatum, it is the DA release in the nucleus accum-
ens, the major structure of the ventral striatum, that is par-
icularly associated with rewards.13,14 Natural rewards, as
ell as drugs of abuse, including psychostimulants, opiates,
icotine, and alcohol, preferentially increase DA release in
he nucleus accumbens, and this release is thought to under-
ie their addictive and reinforcing properties.15 In addition,
A neuron activation occurs at different phases of the reward

ignaling process. For example, as mentioned, electrophysi-
logy studies indicate that DA neurons show short, phasic
ctivation after the presentation of liquid or food reward, or a
ue that predicts the delivery of reward.16 These neurons also
how similar activations in response to intense, novel stimuli
r stimuli with rewarding or attentional properties.17,18 Inter-
stingly, when a reward becomes fully predictable, DA neu-
on activity no longer increases, and when a predicted reward
s omitted, DA neurons exhibit depressed firing.18,19 These

bservations have provided the basis for the hypothesis that t
he phasic DA signals occur not in response to the reward
tself but instead to what has been termed the reward predic-
ion error, which in its most basic definition is the discrep-
ncy between the predicted reward and the actual occurrence
f the reward (however, see Montague and coworkers, 2004
or a more comprehensive review of temporal-difference er-
or20). In this way, the phasic bursting of DA neurons has
een proposed to act as a teaching signal, being maximal
hen an unexpected reward is presented, and gradually de-

reasing as the animal learns the contingency associated with
he reward, or the behavior it must perform to obtain that
eward.

A Signals and
he Expectation of Reward
s the association between a reward-predicting stimulus (or
particular behavior, in the case of operant conditioning)

nd reward delivery becomes learned, that stimulus or be-
avior will evoke a state of expectation in the subject. Implicit

n the notion of reward expectation is the likelihood, or prob-
bility, of the occurrence of the reward, which must also be
oded for by DA neurons. As mentioned previously, the pha-
ic DA signal that occurs in response to the delivery of a
eward decreases as the reward becomes predictable. In fact,
he magnitude of this phasic DA signal decreases monotoni-
ally as the probability of reward increases, being absent
hen P � 1, and highest when the reward is surprising and
nexpected (ie, at P � 0).21 In addition, there is a second type
f response these neurons display to reward: a tonic, sus-
ained activation that precedes the reward and seems to re-
ect reward uncertainty.21 These activations are maximal at P

0.5, or when the uncertainty is the greatest, and decline
oth at P � 0.25 and P � 0.75, and are virtually zero at both
xtremes (ie, P � 0 and 1, or when the reward is certain not
o occur, or to occur, respectively). The time course of these
ctivations is also intriguing because they demonstrate a
radual increase from the time of the reward-predicting stim-
lus up to the potential time of reward, ie, during the reward-
xpectation phase of the paradigm. These sustained activa-
ions are of great relevance to the expectation model of the
lacebo effect and may have profound implications in the
esign of investigations of the placebo effect itself, as well as
linical trials in which a placebo effect may be prominent.22

As previously mentioned, mesolimbic DA release in the
entral striatum (nucleus accumbens) occurs in response to
atural rewards and drugs of abuse but it is also associated
ith the expectation of rewards.12,23 A recent fast-scan cyclic
oltametry experiment in rats, which enables the measure-
ent of phasic DA release, demonstrated that DA release in

he nucleus accumbens occurs both before and after reward
ccurrence.24 Rats trained to self-administer cocaine by
ressing a lever began to release DA in the nucleus accum-
ens approximately 4 seconds before the lever press, the
xtracellular DA concentration peaked 1.8 s after the lever
ress, and then fell to baseline levels 3 s later. Furthermore,

here was an additional, transient increase in DA levels be-
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Placebo response as a reward mechanism 39
ween 5 to 8 s before the lever press. Extending animal stud-
es in reward prediction,11,12,25 human imaging studies have
mplicated the nucleus accumbens/ventral striatum in the
nticipation or prediction of rewards. A functional magnetic
esonance imaging study in human cocaine addicts showed
ncreased activation in the nucleus accumbens during the
reinfusion period for both saline and cocaine, in which
here was a 50% expectancy condition for receiving co-
aine.9,26 The fact that the same degree of activation occurred
uring the preinfusion period in both the saline and cocaine
onditions indicates that the nucleus accumbens activity may
eflect a computation of expectancy. This possibility is sup-
orted by other imaging studies indicating increased activity
f the ventral striatum during the expectation of monetary
ewards,27-30 primary rewards,31 drug rewards,32 and as will
e discussed in the following section, the expectation of ther-
peutic benefit.33

A and the Placebo
ffect in Patients With PD

D is characterized by the progressive loss of DA in the brain,
articularly in the dorsal striatum (caudate and putamen).
his loss occurs as a result of the selective degeneration of the
idbrain DA neurons in the ventral regions of the substantia
igra pars compacta that project to the dorsal striatum. Clin-

cally, patients experience a poverty of movement, and stan-
ard levodopa therapy aims at increasing the DA levels in the
triatum, thereby leading to motor improvement. As men-
ioned previously, a substantial placebo effect is found in
atients with PD, where patients given placebos show im-
rovements in their motor performance. Importantly, this
lacebo-induced motor improvement can be objectively as-
essed by examiners blinded to the specifics of a study, and
ndeed this has been the case in a number of studies.22

Using positron emission tomography (PET) with the com-
etitive D2/3-DA receptor antagonist raclopride, we found
hat placebo administration stimulated the release of endog-
nous DA in the ventral33 and dorsal34 striatum of patients
ith PD. Although all patients in the study showed biochem-

cal placebo responses (ie, increased DA release), only half of
he patients reported placebo-induced motor improvement.
his group of patients also released larger amounts of DA in

he dorsal striatum, suggesting a relationship between the
mount of dorsal striatal DA release and perceived clinical
enefit. However, this relationship was not observed in the
entral striatum. Interestingly, all patients demonstrated an
ncrease in DA release in this area, regardless of whether or
ot they felt any improvement as a result of placebo admin-

stration. Compared with the dorsal striatum, which is intrin-
ically linked to motor performance, the ventral striatum is
lassically associated with motivation and goal-directed be-
avior35 and, as previously discussed, the anticipation of re-
ard. We thus concluded that the DA release in the ventral

triatum was associated with the patients’ expectation of im-
rovement in their symptoms, which could in turn be con-

idered as a form of reward. Conversely, it follows that be- n
ause the dorsal striatum is more involved in motor
erformance, the larger the amount of DA released after pla-
ebo, the greater the clinical improvement felt by the patient.

Several other studies also have demonstrated the impor-
ance of expectation to the placebo effect in PD.2,3,6,33,34 In
atients who have undergone surgery for the implantation of
hronic deep-brain–stimulating electrodes in the subtha-
amic nucleus, it is possible to increase or decrease the level of
timulation and objectively assess the subsequent changes in
otor function. In one such study, patients were given verbal

nstructions that their motor performance (movement veloc-
ty of the hand) would either worsen or not change while the
evel of their stimulators was altered.3 When the subjects’
timulators were reduced to 20% of their original levels, the
atients told that their motor performance was going to
orsen displayed a significantly slower movement velocity

han the patients who were told that they would experience
o change in motor performance. Furthermore, when the
timulation was then increased to 40% of the original level,
he group given the instruction that they were going to expe-
ience a “big improvement” in their motor performance did
ignificantly better than the group told that they would notice
nly a “small improvement.” In a unique electrophysiology
tudy performed in human patients with PD undergoing
eep-brain stimulation surgery, Benedetti and colleagues36

howed for the first time that placebos evoked changes in
ring in neurons in the subthalamic nucleus. The neurons
isplayed a decrease in frequency discharge and a shift from
ursting to nonbursting activity in response to placebo,
hich was highly correlated with the clinical manifestation of

he placebo effect, measured as a reduction in rigidity. Fi-
ally, strong support for the importance of expectation is
erived from the recent report that quality of life after fetal
ransplantation for PD is determined not by the actual surgi-
al procedure (transplant or sham) that was performed, but
ather by the patient’s belief as to which group s/he was
ssigned to.37

eward Circuitry
nd the Placebo Effect
n Other Medical Conditions
t has not yet been established whether DA plays a role in the
echanism of placebo responses in other conditions, but

here is PET evidence to suggest that reward circuitry is acti-
ated in pain38 and depression.39 Importantly, placebo anti-
epressants activate the ventral striatum early in therapy,
efore the perception of therapeutic benefit (H. Mayberg,
ersonal communication, 2002). Placebos activate cortical
reas known to respond to reward expectation,12 such as the
rbitofrontal cortex, the dorsolateral prefrontal cortex, and
he anterior cingulate gyrus,38-40 indicating that placebo re-
ponses involve higher cognitive processing. It should be
oted that any lack of reported placebo-induced changes in
he striatum does not necessarily imply that DA release did

ot occur; studies of patients with PD have shown that
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40 S.C. Lidstone, R. de la Fuente-Fernandez, and A.J. Stoessl
hanges in striatal DA levels have metabolic correlates that
re not easily detected by PET.22

DA also may contribute to the mechanism of the placebo
ffect through its interactions with other neurotransmitter
nd neuropeptide systems. The involvement of endogenous
pioids in the placebo effect in pain has been well-estab-
ished,4,5,41 and there is considerable anatomical42-47 and
harmacological48-50 evidence indicating that complex inter-
ctions occur between the DA system and endogenous opi-
ids, especially in the nucleus accumbens and ventral teg-
ental area. This relationship is likely bidirectional,46 for

here is increasing evidence implicating opioids in reward
rocessing,51,52 and the reward circuitry in analgesia.53-55 An-

mal studies have uncovered a critical role for the nucleus
ccumbens in the phenomenon of pain or environmental-
nduced analgesia,54,56 perhaps through connections with the
mygdala and the periaqueductal gray, which also has been
hown to be involved in reward.54,57 Altier and Stewart48 have
emonstrated that the activation of mesolimbic DA neurons
y opioids inhibits tonic pain by increasing DA release in the
ucleus accumbens. This pathway also can be naturally trig-
ered by the release of endogenous opioids and substance P
n the ventral tegmentum in response to stress, which is also
nown to activate mesolimbic DA neurons.48 Human imag-

Figure 1 Theoretical schematic of the role of the reward
in the ventral midbrain (ventral tegmental area, VTA)
nucleus accumbens, NAcc) are activated by placebo-
expectation of reward. This represents the permissive
activated mesocortical DA projections to the prefrontal
turn activate downstream disease-specific mechanism
reduction in pain (placebo analgesia), improvement i
pathway represents the cognitive component of the plac
to all placebo effects, whereas the cognitive component i
“placebo” refers to the actual placebo itself as well as the
which also may produce anticipatory effects as the resu
ng studies also have demonstrated a role for the nucleus d
ccumbens in pain processing. A functional magnetic reso-
ance imaging study reported that noxious thermal stimuli
roduced a significant signal change in reward circuitry, in-
luding the nucleus accumbens.53 Using PET, Zubieta and
olleagues showed significant binding of endogenous opioids
n the nucleus accumbens during painful stimuli.58 Thus,
nimal and human studies support the involvement of DA–
pioid interactions in pain processing, whether it is in an
nalgesic or reward role. Although direct biochemical evi-
ence supporting the involvement of DA in placebo analgesia

s lacking, it is possible given the functional overlap between
he opioid and DA systems and their interactions in reward
nd analgesia.

onclusions
irect biochemical evidence now exists supporting the in-
olvement of reward circuitry and DA in the placebo effect in
atients with PD. We propose that the expectation of benefit

s equivalent to the expectation of reward, which triggers
lacebo responses by activating reward mechanisms in
hich DA plays a central role. However, whether or not

eward processing is involved in placebo responses in other
onditions, such as pain, remains to be determined. No

ry in the placebo effect. DA-producing neurons arising
nd projections to the ventral striatum (including the

d expectation of clinical benefit, which is a form of
onent of the placebo response (dark gray). Reward-
(PFC) modulate higher cognitive processing, which in
mediate the different placebo responses, including a
r performance in PD, and reduced depression. This
ect (light gray). The permissive component is common
e to the disease or condition of the patient. In this case,
nmental context in which the placebo is administered,
nditioning.
circuit
that se

induce
comp

cortex
s that
n moto
ebo eff
s uniqu
enviro
oubt remains that the placebo effect is an extremely com-
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Placebo response as a reward mechanism 41
lex phenomenon that manifests itself in several different
ays depending on the medical condition and treatment ex-
eriences of the patient. Clearly, irrespective of the modality,
he mechanism involves some type of top-down cognitive
ontrol that is able to influence other cortical and subcortical
tructures to elicit a unique physiological response. The role
f higher cognitive processing in this (arguably) uniquely
uman phenomenon, cannot be overlooked nor underesti-
ated; expectation itself involves the integration of several
istinct cortical processes, such as the retrieval of episodic
emory to bring on-line the subject’s past experiences in

imilar contexts, the assessment of current sensory stimuli,
nd the ability to predict the subject’s own physiological
esponse to the stimuli (ie, response expectancies59). We pro-
ose that these complex cognitive processes, largely localized
o frontal cortical areas, have the ability to activate down-
tream disease or condition-specific mechanisms that are re-
ponsible for the subsequent placebo response (Fig. 1). Fur-
hermore, these specific mechanisms are overlaid on a
onspecific activation of reward circuitry in response to pla-
ebo, involving the expectation-induced activation of mid-
rain DA neurons carrying reward-related information. The
ubsequent release of DA in the ventral striatum may repre-
ent a common mechanism of reward expectation, whereas
he DA released in the frontal cortex may modulate other,
istinct processes leading to the activation of downstream
pecific placebo effects, such as the release of endogenous
pioids in pain or dopamine in the dorsal striatum in patients
ith PD.
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