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Abstract

Our understanding and conceptualization of the placebo effect has

shifted in emphasis from a focus on the inert content of a physical

placebo agent to the overall simulation of a therapeutic intervention.

Research has identified many types of placebo responses driven by

different mechanisms depending on the particular context wherein

the placebo is given. Some placebo responses, such as analgesia, are

initiated and maintained by expectations of symptom change and

changes in motivation/emotions. Placebo factors have neurobiolog-

ical underpinnings and actual effects on the brain and body. They

are not just response biases. Other placebo responses result from less

conscious processes, such as classical conditioning in the case of im-

mune, hormonal, and respiratory functions. The demonstration of

the involvement of placebo mechanisms in clinical trials and routine

clinical practice has highlighted interesting considerations for clini-

cal trial design and opened up opportunities for ethical enhancement

of these mechanisms in clinical practice.
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Placebo effect: the
average placebo
response in a group
of individuals

Analgesia: a
reduction in the
magnitude of pain on
the sensory or
affective dimension
or on both
dimensions,
depending on what is
measured

INTRODUCTION

The placebo effect has been a topic of inter-

est in scientific and clinical communities for

many years, and our knowledge of the mech-

anisms of the placebo effect has advanced

considerably within the past decade. A sig-

nificant proportion of the research has oc-

curred in the fields of pain and analgesia, and

the placebo analgesic response appears to be

the best-understood model of placebo mech-

anisms. Placebo mechanisms in other clinical

conditions and populations have only recently

begun to be identified. This article reviews

and synthesizes current knowledge on placebo

mechanisms and identifies potential implica-

tions for clinical practice. Although emphasis

is placed on placebo analgesia, the commonal-

ity of factors and mechanisms of other placebo

phenomena are also discussed along with pos-

sible differences.

HISTORICAL AND
CONCEPTUAL BACKGROUND

The placebo effect has been a phenomenon

of significant interest and debate in medicine.

Although the use of the word “placebo” dates

back several centuries in the medical liter-

ature, the placebo effect has only recently
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gained the attention and interest of many

researchers and clinicians. The author of

what is believed to be the first placebo con-

trolled trial (conducted in 1799) stated, “[A]n

important lesson in physic is here to be

learnt, the wonderful and powerful influ-

ence of the passions of the mind upon the

state and disorder of the body” (de Craen

et al. 1999). Some 200 years later, advances

in research design and technology have al-

lowed scientists to identify some of the neu-

robiological and psychological mechanisms

of the placebo effect and to further explore

the complexities of the mind-brain-body

interaction.

Placebos have typically been identified as

inert agents or procedures aimed at pleas-

ing the patient rather than exerting a spe-

cific effect. However, this conceptualization

presents us with a paradox: If a placebo is

inert, it can’t cause an effect, as something

that is inert has no inherent properties that

allow it to cause an effect. This paradox

is highlighted in the many attempts to de-

fine placebos and the placebo effect, result-

ing in a degree of confusion and debate. More

recently, our conceptualization of placebos

and the placebo effect has changed, clarify-

ing some of the issues relating to definitions

and the paradox of how an inert substance

or procedure can be believed to cause an

effect.

Researchers who study the placebo effect

are examining the psychosocial context sur-

rounding the patient and the effect that this

context has on the patient’s experience, brain,

and body (Colloca & Benedetti 2005). The

focus has shifted from the “inert” content of

the placebo agent (e.g., starch capsules) to the

concept of a simulation of an active therapy

within a psychosocial context. This capacity

of simulation empowers the influence of

placebo. The placebo response may be driven

by many different environmental factors in-

volved in the context of a patient, factors that

influence patients’ expectations, desires, and

emotions. To the extent that it differs from

Placebo response:
the change in a
symptom or
condition of an
individual that
occurs as a result of
placebo (natural
history minus
placebo condition)

Expectation (in
relation to placebo
literature):
expected magnitude
of symptom or
condition or
perceived likelihood
of an outcome

Desire: the
experience of
wanting to avoid
something
(avoidance goal) or
wanting to obtain a
pleasant or happy
outcome (approach
goal)

Natural history:
the magnitude of a
symptom or
condition that occurs
over a specified
amount of time in
the absence of
treatment

Regression to the
mean: individuals
with extreme scores
on any measure at
one point probably
will have less
extreme scores, for
purely statistical
reasons, the next
time they are tested

the untreated natural history condition, the

response seen in a given individual following

administration of a placebo is the placebo

response. The responses of a population to

placebo administration, such as in a clinical

trial, represent the group effect or placebo

effect.

Historically, one of the problems of analyz-

ing placebo effects has been the misinterpre-

tation of other phenomena as placebo effects.

This results in confusion and misunderstand-

ing about placebo phenomena and mecha-

nisms. Therefore, it is important to note that

the true placebo effect (a real psychobiologi-

cal response) is seen in carefully designed ex-

periments and in clinical populations where

the responses to administration of a placebo

are compared with a natural history group

or untreated baseline condition. This is par-

ticularly important in studies of pain, where

many painful conditions exhibit varied tem-

poral patterns of intensity, and a reduction

in pain following administration of a placebo

may be either a placebo effect or something

that would have happened regardless of the in-

tervention. Another example is regression to

the mean, a statistical phenomenon that as-

sumes that in a given population, extremes in

reported pain intensity will change over time

toward the average of that population. In the

case of pain, this phenomenon asserts that in-

dividuals tend to experience a higher level of

pain intensity on initial assessment and lower

pain intensity at subsequent assessments. If in

this case a group of patients were given place-

bos, one could not be sure that the changes

in reported pain scores were a placebo ef-

fect or a statistical phenomenon. Both these

cases highlight the possible misinterpretation

of other phenomena as placebo effects and the

importance of a natural history group or base-

line condition when assessing true placebo

effects. In the case of clinical trials, it is

particularly important to be able to differen-

tiate the effect of a placebo from the changes

due to the natural history of a particular

condition.
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Open-hidden
paradigm: a
paradigm wherein a
patient either fully
views a treatment or
receives it in a
“hidden” manner,
without cues

ENVIRONMENTAL AND
PSYCHOSOCIAL
DETERMINANTS OF THE
PLACEBO EFFECT

Contextual Factors that Influence
Placebo Effects

Environmental and psychosocial determi-

nants of placebo responses/effects include

conditioning, verbal suggestions, and be-

haviors manifested by healthcare providers.

These factors are likely to vary greatly across

clinical and research contexts and conse-

quently generate considerable variability in

the placebo effect itself. This variability is

evident among placebo effect sizes for stud-

ies of pain treatments. Three meta-analyses

have shown that although placebo effect sizes

are small on average in studies that use

placebo treatments only as a control condition

(Cohen’s d or pooled standardized mean

difference = 0.15–0.27), there is consid-

erable variability in placebo effect sizes

(Hrobjartsson & Goetsche 2001, 2004; Vase

et al. 2002). Thus, in the meta-analysis by

Vase et al. (2002), the mean Cohen’s d was

only 0.15, but placebo effect sizes ranged

from −0.95 to +0.57. Placebo analgesic ef-

fect sizes, although controversial, are larger

in studies that use placebo treatments to an-

alyze the mechanism of placebo analgesia

(0.51 and 0.95 according to Hrobjartsson &

Goetsche 2006 and Vase et al. 2002, respec-

tively), but again considerable variability ex-

ists across studies (Vase et al. 2002). As a work-

ing hypothesis, it is reasonable to propose that

factors that promote placebo effects are more

likely to be limited in clinical trials and to

be enhanced in studies that are about placebo

mechanisms.

Meta-analyses are limited in providing un-

derstanding of the factors that contribute to

placebo analgesia because they do not system-

atically vary factors that affect its magnitude.

Mechanism studies have the potential to pro-

vide greater insight into sources of variability

of placebo effects because they can provide

experimental control of some of the relevant

factors. Most importantly, such studies can

even be designed using human pain patients

in the contexts of actual clinical treatments.

Thus, the contribution of placebo analgesia to

the effectiveness of analgesic drugs has been

tested in clinical postoperative settings us-

ing hidden and open injections of traditional

painkillers such as buprenorphine (Amanzio

et al. 2001, Benedetti et al. 2003, Levine &

Gordon 1984). The open-hidden paradigm

represents a novel way of studying placebo

mechanisms and the specific effects of a treat-

ment, such as a drug. In this paradigm, the

patient can receive a treatment in the stan-

dard clinical “open” manner, where the treat-

ment is given by the clinician and in full

view of the patient. Alternatively, the treat-

ment can be received in a “hidden” man-

ner, by means of a computer-programmed

drug infusion pump, where the clinician is

not present and the patient is unaware that

the treatment is being administered (Levine &

Gordon 1984). Several analgesia studies have

used the open-hidden paradigm, demonstrat-

ing that open administration of a drug is sig-

nificantly more effective than hidden admin-

istration (Amanzio et al. 2001, Benedetti et al.

2003, Colloca et al. 2004, Levine & Gordon

1984). In one study wherein medication was

administrated openly by a doctor who gave

verbal suggestions for pain relief, pain reduc-

tion was greater than when the medication was

administered by a hidden machine (Amanzio

et al. 2001), as shown in Figure 1. In an-

other open-hidden paradigm study, patients

needed less medication to reach postoperative

analgesia in comparison to hidden adminis-

tration (Amanzio et al. 2001, Colloca et al.

2004). The difference in medication needed

for analgesia between open and hidden in-

jections directly reflects the placebo analgesic

effect.

An important goal of placebo analgesia re-

search is to identify factors that contribute to

perceived efficacy of the therapeutic interven-

tion. Factors associated with open injections

and with suggestions that the agent is an ef-

fective analgesic may be especially useful in
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Figure 1

Comparison of analgesic effects of opioid (morphine, tramadol, buprenorphine) and nonopioid
(ketorolac, metamizol) medications across hidden versus open intravenous injections in patients with
postoperative pain. (Data are from Amanzio et al. 2001.)

clarifying how these factors either mediate or

moderate placebo analgesia effects. A number

of studies have now analyzed these factors.

Factors that Influence the Magnitude
of Placebo Analgesia

The magnitude of placebo analgesia may

range from no responses to large responses.

It has long been known that there are placebo

responders and nonresponders, although why

this occurs is less clear. In placebo studies, dif-

ferences between group averages are usually

recorded rather than observations of individ-

ual responses to a placebo intervention. This

point is very important because an identical

mean change between a placebo group and a

no-treatment group might be seen if all indi-

viduals in the placebo group exhibit a mod-

erate response or, otherwise, a relatively small

subset of individuals exhibit a large magnitude

response and others show no response at all.

Beecher’s widely cited study of clinical

analgesic trials (Beecher 1955), from which

he concluded that an average of 30% of pa-

tients respond to placebo treatments for pain,

means little, if anything, because none of the

studies he mentioned included no-treatment

groups. However, more recent studies have

tried to answer the same question. For exam-

ple, Levine et al. (1979) found that 39% of

patients had an analgesic response to placebo

treatment, and in a study of normal volunteers

using ischemic arm pain, Benedetti (1996)

found that 26.9% of the subjects responded

to a placebo analgesic, as compared with a

no-treatment control group. Another study

involving cutaneous heating of the left hand

found that 56% of subjects responded to the

placebo treatment, as compared with the no-

treatment controls (Petrovic et al. 2002).

Assessing the magnitude of the placebo

analgesic effect is not an easy task, as the ex-

perimental conditions change across different

studies. By measuring the average change in

pain experienced by all the individuals who

receive placebo and comparing this to the av-

erage change in the no-treatment group, sev-

eral studies have found that the magnitude of

the placebo analgesic effect is about 2 out of

10 units on a visual analogue scale (VAS) or

numerical rating scale (NRS) (Amanzio et al.

2001; Benedetti et al. 1995, 1998; Gracely

et al. 1983; Levine & Gordon 1984; Price

2001).

In studies where the known placebo re-

sponders in a group are separated for analysis,

the average magnitude of analgesia found has

been, not surprisingly, significantly greater.

For example, Benedetti (1996), looking only

at responders, found an average placebo anal-

gesia magnitude of 5 units on the 10-unit

www.annualreviews.org • Comprehensive Review of the Placebo Effect 2.5



NRS. This is similar to results from a postop-

erative dental study that found a 3.3 cm (out of

10) lower mean post-treatment VAS score for

placebo responders as compared with nonre-

sponders (Levine et al. 1978).

Today it appears clear that the experi-

mental manipulation used to induce placebo

analgesia plays a fundamental role in the

magnitude of the response. Among different

manipulations that have been performed,

both the type of verbal suggestions and the

individual’s previous experience have been

found to be important.

Verbal suggestions that induce certain ex-

pectations of analgesia induce larger placebo

responses than those inducing uncertain ex-

pectations. This point is illustrated by a study

carried out in the clinical setting to inves-

tigate the differences between the double-

blind and the deceptive paradigm (Pollo et al.

2001). Postoperative patients were treated

with buprenorphine, on request, for three

consecutive days, and with a basal infusion of

saline solution. However, the symbolic mean-

ing of this saline basal infusion varied in

three different groups of patients. The first

group was told nothing (natural history or

no-treatment group), the second was told that

the infusion could be either a potent analgesic

or a placebo (classic double-blind adminis-

tration), and the third group was told that

the infusion was a potent painkiller (decep-

tive administration). The placebo effect of the

saline basal infusion was measured by record-

ing the doses of buprenorphine requested

over the three-day treatment. It is impor-

tant to stress once again that the double-blind

group received uncertain verbal instructions

(“It can be either a placebo or a painkiller.

Thus we are not certain that the pain will

subside”), whereas the deceptive administra-

tion group received certain instructions (“It

is a painkiller. Thus pain will subside soon”).

Compared with the natural history group, a

20.8% decrease in buprenorphine intake was

found with the double-blind administration

and an even greater 33.8% decrease was found

in the group given deceptive administration

of the saline basal infusion. It is important

to point out that the time-course of pain was

the same in the three groups over the three-

day period of treatment. Thus the same anal-

gesic effect was obtained with different doses

of buprenorphine. The above studies teach us

that subtle differences in the verbal context of

the patient may have a significant impact on

the magnitude of the response.

Previous experience can also influence the

magnitude of placebo analgesia. In one study,

the intensity of painful stimulation was re-

duced surreptitiously after placebo admin-

istration to make the subjects believe that

an analgesic treatment was effective (Colloca

& Benedetti 2006). This procedure induced

strong placebo responses after minutes, and

these responses, albeit reduced, lasted from

four to seven days. In a second group of sub-

jects of the same study, the same procedure

was repeated four to seven days after a totally

ineffective analgesic treatment. The placebo

responses were remarkably reduced compared

with the first group. Thus, small and large

placebo responses were obtained, depending

on several factors, such as the previous positive

or negative experience of an analgesic treat-

ment and the time lag between the treatment

and the placebo responses. These findings in-

dicate that placebo analgesia is finely tuned

by prior experience and these effects may last,

albeit reduced, several days. These results em-

phasize that the placebo effect may represent

a learning phenomenon involving several fac-

tors and may explain the large variability of

the magnitude of placebo responses among

studies.

PLACEBO EFFECTS CAUSED BY
COGNITIVE AND EMOTIONAL
CHANGES

Patients are likely to perceive environmental

factors in different ways, and these differences

are likely to contribute to the magnitude,

duration, and qualities of placebo responses.

Cognitive and emotional factors that have

been proposed to contribute to placebo

2.6 Price · Finniss · Benedetti



effects include expected symptom intensity,

desire for symptom change, changes in emo-

tion, and distortions in memory.

Expectancy

Expectancy is the experienced likelihood of an

outcome or an expected effect. For example,

within the context of pain studies it can be

measured by asking people about the level of

pain they expect to experience. Montgomery

and Kirsch conducted one of the first studies

in which expected pain levels were manipu-

lated and directly measured (Montgomery &

Kirsch 1997). They used a design in which

subjects were given cutaneous pain via ionto-

pheretic stimuli. Once baseline stimuli were

applied, subjects were secretly given stimuli

with reduced intensities in the presence of an

inert cream (i.e., conditioning trials). Then

the stimulus strength was restored to its orig-

inal baseline level and several stimuli were

then used in placebo trials to test the effect

of conditioning. Subjects rated expected pain

levels just before placebo test trials and were

divided into two groups. The first did not

know about the stimulus manipulation, and

prior conditioning markedly diminished their

pain ratings during placebo trials. However,

regression analyses showed that this effect was

mediated by expected pain levels. Expectancy

accounted for 49% of the variance in post-

manipulation pain ratings. The second group

was informed about the experimental design

and learned that the cream was inert. There

was no placebo analgesic effect in this second

group. The regression analysis and difference

in results across groups show that conscious

expectation is necessary for placebo analgesia.

Price and colleagues further tested the ex-

tent to which expectations of pain relief can be

graded and related to specific areas of the body

(Price et al. 1999). Using a similar paradigm,

they applied placebo creams and graded levels

of heat stimulation on three adjacent areas of

the subjects’ forearm to give subjects expec-

tations that cream A was a strong analgesic,

cream B a weak analgesic, and cream C a con-

trol agent. Immediately after these condition-

ing trials, subjects rated their expected pain

levels for the placebo test trials wherein the

stimulus intensity was the same for all three ar-

eas. The conditioning trials led to graded lev-

els of expected pain (C > B > A) for the three

creams as well as graded magnitudes of actual

pain (C > B > A) when tested during placebo

test trials. Thus, magnitudes of placebo anal-

gesia could be graded across three adjacent

skin areas, demonstrating a high degree of

somatotopic specificity for placebo analgesia.

Expected pain levels accounted for 25% to

36% of the variance in postmanipulation pain

ratings.

Expectancy and Memory

The memory of previous experiences is also

likely to influence the experience of pain.

Price et al. (1999) assessed the placebo ef-

fect based on both concurrent ratings of pain

during the placebo condition and on retro-

spective ratings of pain that were obtained

approximately two minutes after the stimuli

were applied. The magnitude of placebo anal-

gesic effects based on retrospective ratings was

three to four times greater than the magni-

tude based on concurrent ratings. The main

reason for this difference was that subjects re-

membered their baseline pain intensity as be-

ing much larger than it actually was. Similar

to placebo analgesia effects assessed concur-

rently, the remembered placebo effects were

strongly correlated with expected pain inten-

sities (R = 0.5–0.6). Thus, placebo analgesia

effects may be enhanced by distorted mem-

ories of pretreatment levels of pain. Further-

more, as remembered pain and expected pain

are closely related, these psychological factors

seem to interact. These findings were repli-

cated by De Pascalis et al. (2002).

Are Placebo Effects Related to a
Desire-Expectation Emotion Model?

Although expectancy seems to be an impor-

tant psychological mediator of placebo effects,

www.annualreviews.org • Comprehensive Review of the Placebo Effect 2.7



IBS: irritable bowel
syndrome

it is unlikely to operate alone. Desire, which is

the experiential dimension of wanting some-

thing to happen or wanting to avoid some-

thing happening, is also likely to be involved

in placebo phenomena. Desire and expecta-

tion also interact and underlie common hu-

man emotions, such as sadness, anxiety, and

relief (Price & Barrell 2000; Price et al. 1985,

2001). In the context of analgesic studies, it is

quite plausible that patients and subjects have

some degree of desire to avoid, terminate, or

reduce evoked or ongoing pain. On the other

hand, some placebo effects involve appetitive

or approach goals, such as positive moods or

increased arousal. In the following discussion,

we provide an account of how decreased de-

sire may contribute to placebo analgesia and

increased desire may contribute to placebo ef-

fects during appetitive goals. We then propose

that the roles of goals, expectation, desire, and

emotional feelings all can be accommodated

within the same explanatory model.

To further understand how desire and ex-

pectation influence placebo analgesia, Verne

et al. (2003) and Vase et al. (2003) conducted

two similar studies. Patients with irritable

bowel syndrome (IBS) were exposed to rec-

tal distention by means of a balloon barostat,

a type of visceral stimulation that simulates

their clinical pain, and tested under the con-

ditions of untreated natural history (baseline),

rectal placebo, and rectal lidocaine. Pain was

rated immediately after each stimulus within

each condition. The first study was conducted

as a double-blind crossover clinical trial in

which patients were given an informed con-

sent form that stated they “may receive an

active pain reducing medication or an inert

placebo agent” (Verne et al. 2003). In this

study, there was a significant pain-relieving ef-

fect of rectal lidocaine as compared with rec-

tal placebo (p < 0.001), and there was a sig-

nificant pain-relieving effect of rectal placebo

(pain in placebo < natural history). In a sec-

ond similarly designed study, patients were

told, “The agent you have just been given is

known to significantly reduce pain in some

patients” at the onset of each treatment con-

dition (rectal placebo, rectal lidocaine) ( Vase

et al. 2003). A much larger placebo analgesic

effect (Cohen’s d = 2.0) was found in the sec-

ond study, and it did not significantly differ

from that of rectal lidocaine. These two stud-

ies show that adding an overt suggestion for

pain relief can increase placebo analgesia to

a magnitude that matches that of an active

agent. Comparison of the placebo effect sizes

of the two studies is shown in Figure 2.

In both studies, patients were asked to

rate their expected pain level and desire for

pain relief right after the agent was adminis-

tered. Data from the two studies were pooled

in order to determine whether changes in

desire/expectancy ratings predicted changes

in pain ratings across natural history and

placebo conditions (i.e., placebo responses)

(Vase et al. 2004). The placebo effect (nat-

ural history pain intensity–rectal placebo pain

intensity), change in expected pain (natural

history pain expectation–rectal placebo pain

expectation), and change in desire for pain re-

lief (natural history desire–rectal placebo de-

sire) were all calculated for each of 23 subjects.

The changes in expectation and desire were

entered into a hierarchical regression equa-

tion along with their interaction, and the

placebo response served as the predicted vari-

able (Table 1). First, desire change scores and

expected pain change scores were entered into

the model. This component accounted for

16% of the variance in placebo effects but this

factor alone was not statistically significant

(Table 1). Second, after statistically control-

ling for this component, a second component,

change in desire X change in expectation, was

entered into the regression equation, and it

accounted for an additional 22% of the vari-

ance in the placebo effect. This second com-

ponent was statistically significant (Table 1).

The entire model accounted for 38% of the

variance in the placebo effect (Table 1).

This analysis suggests that both desire for

pain relief and expected pain relief contribute

to placebo analgesia, and a main factor is a

multiplicative interaction between desire for

pain reduction and expected pain intensity.
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Figure 2

Comparisons of
natural history, rectal
placebo, and rectal
lidocaine scores on a
visual analogue scale
(VAS) during a
50-minute session
within a clinical trial
design, where no
suggestions for pain
relief are given (left)
and within a placebo
design with verbal
suggestions for pain
relief (right). The
X-axis refers to time
in minutes. (Data are
from Vase et al. 2003
and Verne et al.
2003.)

Table 1 The contribution of changes in

expectancy and desire to rectal placebo

analgesia

Model R2 change P

� Expectancy + � desire 0.16 0.17

� Expectancy X � desire 0.22 0.02

Total model 0.38 0.02

This interaction is consistent with Price and

Barrell’s desire-expectation model of emo-

tions, which shows that ratings of negative

and positive emotional feelings are predicted

by multiplicative interactions between ratings

of desire and expectation (Price et al. 1984,

1985, 2001; Figure 3). Desire to reduce pain

would be considered an avoidance goal, ac-

cording to the desire-expectation model, and

these results suggest that analgesia would be

related to a reduction in negative emotions,

as illustrated in the top panel of Figure 3.

This prediction was supported by significant

reductions in anxiety ratings in the two exper-

iments (Vase et al. 2003, Verne et al. 2003).

It is further supported by a subsequent study

showing that ratings of desire for pain reduc-

tion, expected pain, and anxiety all decreased

over time as the placebo effect increased over

time (Vase et al. 2005). All of these studies

support the desire-expectation model.

Interestingly, the desire-expectation

model predicts that placebo responses in

approach or appetitive goals would relate to

increased levels of desire in the placebo condi-

tion, unlike avoidance goals (compare top and

lower panels of Figure 3). The reason that

this is so is that increased desire for a pleasant

outcome is associated with increased positive

emotional feelings throughout most of the

range of expectation (Figure 3, lower panel).

Support for this prediction was obtained in

an experiment wherein participants were

given placebo pills that were said to have a

sedating effect ( Jensen & Karoly 1991). The

desire to feel such effects were manipulated

by telling participants that individuals who

react to the pills have either positive or more

negative personality characteristics. The

authors found greater placebo responses in

subjects who were told that sedative effects

were related to positive traits, and they had

larger ratings of desire to experience sedation
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than did the other participants who associated

sedation with negative consequences.

Based on several interrelated experiments,

Geers et al. (2005) argue that the placebo ef-

fect is most likely to occur when individuals

have a goal that can be fulfilled by confir-

mation of the placebo expectation, consistent

with the model just described. Their results

demonstrated a role for desire for an effect

across a variety of symptom domains, includ-

ing those related to positive (approach or ap-

petitive) and negative (avoidance) goals. For

AVOIDANCE GOAL

 APPROACH GOAL
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example, participants listened to a piece of

music in one of their experiments. One group

was given a suggestion that the music would

improve mood, and another was not given

any suggestion. Two additional groups also

were either given this suggestion or no sug-

gestion; in addition, they were either primed

with a goal of independence or coopera-

tion. Only the latter was compatible with the

goal of improving mood. Placebo responses

were calculated as differences in mood ratings

across baseline and postplacebo conditions.

The placebo effect was largest in the subjects

given placebo suggestion coupled with the co-

operation priming that was compatible with

mood improvement. The remaining groups

had low to negligible placebo effects. Taken

together, these results show the importance

of motivation (desire) across different types

of placebo responses involving approach and

avoidance goals.

Somatic Focus Moderates Effects of
Goals and Expectancy

In addition to the roles of goals, desires,

and expectations in placebo responding, there

is evidence that the degree of somatic fo-

cus has a moderating influence on these psy-

chological factors (Geers et al. 2006, Lundh

1987). In an experiment that induced expec-

tations of unpleasant symptoms, individuals

who expected they were taking a drug but

given placebo tablets reported more placebo

symptoms when they closely focused on their

symptoms (Geers et al. 2006). This type of

interaction also has been proposed for ap-

proach goals. Thus, Lundh (1987) proposes

a cognitive-emotional model of the placebo

effect in which positive placebo suggestions

for improvements in physical health lead in-

dividuals to attend selectively to signs of im-

provement. When they closely notice these

signs, they are said to take them as evi-

dence that the placebo treatment has been

effective.

If somatic focus operates as a kind of feed-

back that supports factors underlying placebo

responding, increasing the degree or fre-

quency of somatic focusing could increase the

magnitudes of placebo responses over time.

This possibility is supported by observations

showing that the growth of the placebo ef-

fect at least partly depends on the frequency

of test stimuli. As discussed above, ratings of

desire, expectation, and anxiety decrease over

time along with the increase in placebo ef-

fect (Vase et al. 2005). As shown in Figure 1,

it took about 20 minutes for the placebo ef-

fect to increase to its maximum level in con-

ditions wherein stimuli were applied at seven

times per 50 minutes (Figure 1) (Vase et al.

←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Figure 3

The desire-expectation model of emotions (Price & Barrell 1984; Price et al. 1985, 2001), showing
hypothetical improvements in emotional states associated with a placebo response during an avoidance
goal, such as wanting to be relieved of pain (top panel ) and during an approach goal, such as wanting to
feel energetic (bottom panel ). These curves are similar to those empirically derived from ratings of desire,
expectation, and positive/negative feelings (Price et al. 1985, 2001) and show a multiplicative interaction
between desire intensity and expectation with respect to their effects on positive and negative emotional
feeling intensity (the curves intersect between 0 and 100). The closed circle in the top panel reflects a
baseline negative feeling state. It is associated with a high desire for pain relief in combination with a low
expectation of pain relief (or high levels of pain). After placebo administration, the postplacebo feeling
state becomes less negative as a consequence of a lowering of desire (high desire to low desire) and an
increased expectation of pain relief (or lower levels of pain). This change is represented by the upper
open circle in the top panel. Likewise, the closed and open circles in the bottom panel reflect changes
from the pre- to the postplacebo condition. In this case, the placebo response (e.g., feeling more
energetic) is accompanied by an increased desire for an effect, an increased expectation of an effect, and
an increased positive feeling state. According to the model, placebo responses are driven by decreased
negative or increased positive emotional feeling states for avoidance and approach goals, respectively.
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2003, Verne et al. 2003). This same pattern of

increase was found in a subsequent experi-

ment that applied seven stimuli in 10 min-

utes (Price et al. 2007). The placebo effect

increased to its maximum level during the

first three stimuli and over 3–4 minutes with

this more rapid stimulus frequency. Taken to-

gether, the results of Geers et al. (2006) and

Vase et al. (2005) support a model of placebo

mechanism wherein goals, desire, expecta-

tion, and consequent emotional feelings code-

termine the placebo response. Somatic focus

provides a self-confirming feedback that facil-

itates these factors over time, leading to more

positive (or less negative) emotional feelings

about prospects of avoiding aversive expe-

riences or obtaining appetitive experiences

(Figure 2).

If the desire-expectation model is accu-

rate, then placebo phenomena occur within

the context of emotional regulation and symp-

toms should be influenced by desire, expecta-

tion, and emotional feeling intensity regard-

less of whether these factors are evoked by

placebo manipulations. A separate line of ev-

idence for the role of expectancy in placebo

analgesia includes studies that manipulate ex-

pectancy in nonplacebo contexts. Three stud-

ies found large reductions in pain from ex-

pectancy manipulations, and two of these

studies found corresponding reductions in

pain-related brain activity (Keltner et al. 2006,

Koyama et al. 2005, Rainville et al. 2005). De-

sire and emotions also influence pain in non-

placebo contexts. Rainville et al. (2005) re-

cently have shown that hypnotic inductions

of changes in desire for relief as well as in-

ductions of positive and negative emotional

states modulate pain in directions they claim

are consistent with the desire-expectation

model.

Thus, to put it simply, placebo responses

seem to relate to feeling good (or less bad)

about prospects of relief (avoidance goal)

or pleasure (approach goal) that are associ-

ated with treatments or medications. These

feelings can be separately influenced by de-

sire and expectation or by the combination

of both factors. An explanation at a more

mechanistic level is needed. For example, do

placebo-induced changes in expectations, de-

sires, and emotions simply lead to subjective

biases about symptoms/effects, or do they af-

fect their biological causes?

NEUROBIOLOGY OF THE
DESIRE-EXPECTATION MODEL

The Functional Role of
Placebo-Related Increases and
Decreases in Brain Activity

Several neurobiologists have found that

placebo effects are accompanied by reductions

in neural activity within brain areas known to

process symptoms such as anxiety and pain.

They also have found that these reductions

are accompanied by increases in neural activ-

ity within brain areas known to be involved in

emotional regulation (Fields 2004, Petrovic

et al. 2005, Zubieta et al. 2001). They pro-

pose that placebo responses are generated as

a function of reward and/or aversion and as-

sociated neural circuitry.

In two functional magnetic resonance

imaging (fMRI) experiments published in a

single study, Wager et al. (2004) found that

placebo analgesia was related to decreased

neural activity in pain processing areas of

the brain. Pain-related neural activity was re-

duced within the thalamus, anterior insular

cortex, and anterior cingulate cortex during

the placebo condition as compared with the

baseline condition. In addition, the magni-

tudes of these decreases were correlated with

reductions in pain ratings.

Another important aspect of Wager et al.’s

(2004) study was that they imaged not only

the period of pain but also the period of

anticipation of pain. They hypothesized in-

creases in neural activity within brain areas

involved in expectation. In support of their

hypothesis, they found significant positive

correlations (r = 0.4–0.7) between increases
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in brain activity in the anticipatory period

and decreases in pain and pain-related neural

activity during stimulation within the placebo

condition. The brain areas showing positive

correlations during the anticipatory phase in-

cluded the orbitofrontal cortex (OFC), dorso-

lateral prefrontal cortex (DLPFC), rostral an-

terior cingulate cortex (rACC), and midbrain

periaqueductal gray (PAG). The DLPFC has

been consistently associated with the repre-

sentation of and maintenance of information

needed for cognitive control, consistent with

a role in expectation (Miller & Cohen 2001).

On the other hand, the OFC is associated with

functioning in the evaluative and reward in-

formation relevant to allocation of control,

consistent with a role in affective or motiva-

tional responses to anticipation of pain (Dias

et al. 1996). Such a role is consistent with re-

sults showing that desire for relief is a factor

in placebo analgesia.

A limitation of Wager et al.’s (2004) study

is that most of the decreases in neural activity

within pain-related areas occurred during the

period that subjects rated pain, leaving open

the possibility that placebo effects mainly re-

flected report biases. In a subsequent fMRI

study, brain activity of IBS patients was mea-

sured in response to rectal distension by a bal-

loon barostat (Price et al. 2007). As shown in

Figure 4 (see color insert), a large placebo ef-

fect was produced by suggestions and accom-

panied by large reductions in neural activity

in known pain-related areas, such as thalamus,

S-1, S-2, insula, and ACC, during the period

of stimulation, thereby reflecting effects un-

likely to result from report biases. It was also

accompanied by increases in neural activity

in the rostral ACC, bilateral amygdale, and

PAG (unpublished observations), areas known

to be involved in reward/aversion, emotions,

and the classical descending pain modula-

tory pathway (Basbaum & Fields 1978). The

latter includes a core rACC-amygdala-PAG-

rostroventral medulla-spinal cord connec-

tion, wherein pain-related signals are inhib-

ited in the dorsal horn of the spinal cord

(Basbaum & Fields 1978, Mayer & Price

1976). This network contains endogenous

opioids.

However, the involvement of brain areas

involved in emotional regulation and hence

in placebo responses is not restricted only

to pain modulation. Petrovic et al. (2005)

demonstrated a placebo effect related to the

reduction of anxiety associated with view-

ing unpleasant pictures. Reductions in ex-

perienced unpleasantness were accompanied

by increases in brain areas involved in re-

ward/aversion and previously shown to be

involved in placebo analgesia. These ar-

eas included those previously implicated in

emotional modulation, such as the OFC,

rACC, and amygdala. They also included

areas involved in treatment expectation,

such as ventrolateral prefrontal cortex and

rACC.

Future Directions in Relating Brain
Activity to Psychological Variables
Associated with Placebo

Large placebo effects that accompany cor-

responding decreases in activity within

symptom-related areas of the brain under-

score both the psychological and biological

reality of the placebo response and support

current models of mind-brain interactions

(Schwartz et al. 2005).

However, elucidating the relationships be-

tween cognitive and emotional factors to

placebo responses is an enormous challenge,

as is determining their neurobiological un-

derpinnings. Psychological studies of placebo

responses have included progressively more

variables, such as expectancy, desire, somatic

focus, and type of goal. Measures of these

variables potentially can be incorporated into

brain imaging and other types of neurobi-

ological studies so that explicit mechanis-

tic hypotheses about these factors can be

tested at both a more refined psychologi-

cal and neurobiological level. Such improve-

ments should provide increasing potential for

utilizing knowledge of these mechanisms in

clinical research and practice.
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EVIDENCE FOR OPIOID AND
NONOPIOID MECHANISMS IN
PLACEBO ANALGESIA

Opioid Mechanisms

An important step in understanding the

mechanisms of placebo-induced analgesia was

made in the clinical setting when Levine et al.

(1978) provided evidence that placebo anal-

gesia is antagonized by naloxone, an opioid

antagonist, which indicates mediation by en-

dogenous opioid systems. Other studies sub-

sequently further confirmed this hypothesis

(Benedetti 1996, Grevert et al. 1983, Levine

& Gordon 1984). These include studies de-

scribed above that use verbal suggestion, con-

ditioning, and open-hidden injections. For ex-

ample, enhanced analgesia with open as com-

pared to hidden injections was eliminated by

naloxone (Amanzio et al. 2001). In addition,

cholecystokinin (CCK) was found to inhibit

placebo-induced analgesia, as CCK antago-

nists are capable of potentiating the placebo

analgesic effect (Benedetti 1996, Benedetti

et al. 1995). In fact, CCK is an antiopioid

peptide that antagonizes endogenous opioid

neuropeptides, so that its blockade results in

the potentiation of opioid effects (Benedetti

1997).

Fields & Levine (1984) hypothesized that

the placebo response may be subdivided into

opioid and nonopioid components. In fact,

they suggested that different physical, psycho-

logical, and environmental situations could

affect the endogenous opioid systems dif-

ferently. This problem was addressed by

Amanzio & Benedetti (1999), who showed

that both expectation and a conditioning pro-

cedure could result in placebo analgesia. The

former is capable of activating opioid systems,

whereas the latter activates specific subsys-

tems. In fact, if the placebo response is in-

duced by means of strong expectation cues, it

can be blocked by the naloxone. Conversely,

as described below, if the placebo response is

induced by means of prior conditioning with

a nonopioid drug, it is naloxone-insensitive.

Regional placebo analgesic responses can

be obtained in different parts of the body

(Montgomery & Kirsch 1996, Price et al.

1999), and these responses are naloxone-

reversible (Benedetti et al. 1999b). If four

noxious stimuli are applied to the hands and

feet and a placebo cream is applied to one

hand only, pain is reduced only on the hand

where the placebo cream had been applied.

This effect is blocked by naloxone, which

suggests that the placebo-activated endoge-

nous opioids have a somatotopic organization

(Benedetti et al. 1999b). An additional study

supporting the involvement of endogenous

opioids in placebo analgesia was performed

by Lipman et al. (1990) in chronic pain pa-

tients. It was found that those patients who

responded to placebo showed higher concen-

trations of endorphins in the cerebrospinal

fluid compared with those patients who did

not respond.

A likely candidate for the mediation of

placebo-induced analgesia is the opioid neu-

ronal network described above (Fields &

Basbaum 1999, Fields & Price 1997), and this

hypothesis is supported by a brain imaging

study that found similar regions in the cere-

bral cortex and in the brainstem affected by

both a placebo and the rapidly acting opioid

agonist remifentanil. This suggests a related

mechanism in placebo-induced and opioid-

induced analgesia (Petrovic et al. 2002).

The direct demonstration of placebo-

induced release of endogenous opioids has

been obtained by using in vivo receptor bind-

ing with positron emission tomography by

Zubieta et al. (2005). By using an experimental

model of pain in healthy volunteers, these au-

thors found an increase of µ-opioid receptor

neurotransmission in different brain regions,

such as the anterior cingulate cortex, the or-

bitofrontal cortex, the insula, and the nucleus

accumbens.

As is described in detail below, placebo-

activated endogenous opioids have also been

shown to affect the respiratory centers

(Benedetti et al. 1998, 1999a) and the
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cardiovascular system (Pollo et al. 2003), thus

indicating that they act not only on pain trans-

mission but on other systems as well.

Nonopioid Agents and Mechanisms
in Placebo Analgesia

Placebo analgesic responses have been found

to be mediated by mechanisms other than

opioids in other circumstances. For example,

they have been found to be naloxone insen-

sitive, thus nonopioid mediated, if the sub-

jects were previously exposed to a nonopioid

drug, such as ketorolac (Amanzio & Benedetti

1999). When ketorolac was administered for

two days in a row and then replaced with a

placebo on the third day, the placebo anal-

gesic response was not reversed with nalox-

one. This suggests that specific pharmaco-

logical mechanisms are involved in a learned

placebo response, depending on the previous

exposure to opioid or nonopioid substances.

Another example of placebo analgesia that is

nonopioid-mediated has been studied in IBS

patients who exhibit strong placebo responses.

Placebo effects in these patients were found

to be naloxone-insensitive, suggesting medi-

ation by nonopioid mechanisms (Vase et al.

2005).

Although other neurochemical mecha-

nisms have not yet been identified, it is worth

noting that the possible involvement of some

neurotransmitters has been found in some

conditions. For instance, by using the anal-

gesic drug sumatriptan, a serotonin agonist

of the 5-HT1B/1D receptors that stimulates

growth hormone (GH) and inhibits cortisol

secretion, it was shown that a conditioning

procedure is capable of producing hormonal

placebo responses. In fact, if a placebo is given

after repeated administrations of sumatriptan,

a placebo GH increase and a placebo corti-

sol decrease can be found (Benedetti et al.

2003b). Interestingly, verbally induced ex-

pectations of increase/decrease of GH and

cortisol did not have any effect on the secre-

tion of these hormones. Therefore, whereas

hormone secretion is not affected by expec-

tations, it is affected by a conditioning proce-

dure. Although we do not know whether these

placebo responses are really mediated by sero-

tonin, a pharmacological preconditioning ap-

pears to affect serotonin-dependent hormone

secretion. These new findings may help in

the investigation of nonopioid mechanisms in

placebo analgesia.

The verbal instructions that induce expec-

tations may have either a hopeful and trust-

inducing meaning, eliciting a placebo effect,

or a fearful and stressful meaning, induc-

ing a nocebo effect (Benedetti & Amanzio

1997; Hahn 1985, 1997; Moerman 2002). In

a study performed using postoperative pa-

tients (Benedetti et al. 1997) and healthy vol-

unteers (Benedetti et al. 2006), negative ex-

pectations were induced by administering an

inert substance along with the suggestion that

pain was going to increase. In fact, pain in-

creased and this increase was prevented by

the CCK antagonist proglumide. This indi-

cates that expectation-induced hyperalgesia of

these patients was mediated, at least in part, by

CCK. The effects of proglumide were not an-

tagonized by naloxone (Benedetti et al. 1997),

which suggests that endogenous opioids were

not involved. Since CCK plays a role in anx-

iety and negative expectations themselves are

anxiogenic, these results suggest that proglu-

mide acts on a CCK-dependent link between

anxiety and pain (Benedetti et al. 2006). Al-

though this study analyzed nocebo hyperal-

gesia and not placebo analgesia, it shows that

CCK-ergic systems may be activated by neg-

ative verbal suggestions that induce negative

expectations.

MECHANISMS OTHER THAN
EXPECTATION AND
CONDITIONS OTHER THAN
PAIN

Evidence for Classical Conditioning
Mechanisms

Some of the placebo analgesia studies dis-

cussed so far suggest that conditioning can
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have a role in at least some placebo responses,

although in most cases the proximate psy-

chological mediators seem to be expectations,

motivations, and emotions. These findings do

not negate conditioning as a factor, only a

classical Pavlovian model that doesn’t require

conscious expectations. Classical condition-

ing seems to play a key role for phenomena

other than pain.

In classical conditioning, repeated associa-

tions between a neutral stimulus (conditioned

stimulus, or CS), for example a syringe or

a pill, and an unconditioned stimulus (US),

for instance the active drug inside the syringe

or pill, lead to a conditioned response (CR),

whereby the CS alone induces a physiological

response that is similar in all respects to that

of the US. This mechanism emphasizes once

again that there is not just a single placebo

effect; rather, there are many, with different

mechanisms taking place in different condi-

tions on the one hand and in different sys-

tems and apparatuses on the other. Two of the

best examples of placebo responses as condi-

tioned responses come from the immune and

endocrine system.

Placebo Responses in the Immune
and Endocrine System

McKenzie (1896) reported an interesting ob-

servation relevant to the understanding of the

placebo effect in the immune system. In this

study, it was shown that some people who are

allergic to flowers show an allergic reaction

when presented with something that super-

ficially looks like a flower, but contains no

pollen (i.e., an artificial flower). Ader & Cohen

(1982) provided experimental evidence that

immunological placebo responses can be ob-

tained by pairing a solution of sodium saccha-

rin (CS) with the immunosuppressive drug cy-

clophosphamide (US). In fact, mice treated in

this way show conditioned immunosuppres-

sion, that is, immune responses to sodium sac-

charin alone. Ader et al. (1993) also showed

that a conditioned enhancement of antibody

production is possible using an antigen as un-

conditioned stimulus of the immune system.

In this case, mice were given repeated im-

munizations with keyhole limpet hemocyanin

(KLH) paired with a gustatory conditioned

stimulus. A classically conditioned enhance-

ment of anti-KLH antibodies was observed

when the mice were re-exposed to the gusta-

tory stimulation alone.

These studies in animals have been re-

peated in humans. Olness & Ader (1992) pre-

sented a clinical case study of a child with

lupus erithematosus. The child received cy-

clophosphamide paired with taste and smell

stimuli, according to the conditioning pro-

cedure used in animals. During the course

of twelve months, a clinically successful out-

come was obtained by using taste and smell

stimuli alone on half the monthly chemother-

apy sessions. In another study, multiple scle-

rosis patients received four intravenous treat-

ments with cyclophosphamide (US) paired

with anise-flavored syrup (CS) (Giang et al.

1996). Eight out of ten patients displayed de-

creased peripheral leukocyte counts following

the syrup alone, an effect that mimics that

of cyclophosphamide. Recently, these find-

ings have been confirmed in humans (Goebel

et al. 2002). In fact, repeated associations be-

tween cyclosporin A (US) and a flavored drink

(CS) induced conditioned immunosuppres-

sion, in which the flavored drink alone pro-

duced a suppression of the immune func-

tions, as assessed by means of interleukin-2

and interferon-gamma messenger ribonucleic

acid expression, in vitro release of interleukin-

2 and interferon-gamma, as well as lympho-

cyte proliferation.

Some hormonal placebo responses, sim-

ilar to the conditioning-induced immuno-

logical responses, have been described. As

noted in the previous section on nonopioid

mechanisms, by using an analgesic drug—the

serotonin agonist sumatriptan, which stim-

ulates GH and inhibits cortisol secretion—

it was shown that a conditioning procedure

is capable of producing placebo secretive re-

sponses of hormones (Benedetti et al. 2003).

In fact, if a placebo is given after repeated
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administrations of sumatriptan, a placebo GH

increase and a placebo cortisol decrease can be

found. Interestingly, verbally induced expec-

tations of increase/decrease of GH and cor-

tisol did not have any effect on the secretion

of these hormones, indicating that hormone

secretion is not affected by verbal suggestions

and expectations, but rather by a form of con-

ditioning that does not require conscious ex-

pectations.

All these findings in the immune and en-

docrine system suggest that a CS may ac-

quire all the properties and characteristics of

a placebo. These findings also have important

clinical implications, as the pharmacothera-

peutic doses in different diseases can be re-

duced by pairing chemotherapies with a num-

ber of conditioned stimuli.

Other Biological Models of Placebo

Besides these conditioning studies in the im-

mune and endocrine systems, which clearly

show the involvement of systems and mech-

anisms other than pain transmission in the

placebo effect, a number of studies exist in

which some biological responses to placebo

administration have been described in detail.

These studies are now emerging as interest-

ing models to better understand the placebo

effect across different diseases. These mod-

els, which are described below, are the respi-

ratory and cardiovascular system, Parkinson’s

disease, and depression.

Respiratory and cardiovascular placebo

responses. Placebo-activated endogenous

opioids have been shown to produce a

typical side effect of opioids, that is, res-

piratory depression (Benedetti et al. 1998,

1999a). After postoperative patients receive

repeated administrations of analgesic doses

of buprenorphine, which induces a mild

reduction of ventilation, a placebo is ca-

pable of mimicking the same respiratory

depressant response. Remarkably, this respi-

ratory placebo response is totally blocked by

naloxone, indicating that it is mediated by en-

dogenous opioids. The involvement of other

systems in the action of placebo-activated

endogenous opioids is further supported by

a study in which the sympathetic control

of the heart was analyzed during placebo

analgesia (Pollo et al. 2003). In a pharma-

cological study in healthy volunteers, it was

found that placebo analgesia in experimental

ischemic arm pain was accompanied by a

reduction of heart rate. Both the placebo

analgesic effect and the concomitant heart

rate decrease were reversed by the opioid

antagonist naloxone, whereas the β-blocker

propranolol antagonized the placebo heart

rate reduction but not placebo analgesia.

There are at least two possible mechanisms

through which the heart is affected during

placebo analgesia. It might be a consequence

of pain reduction itself or, otherwise, the

placebo-activated endogenous opioids might

inhibit the cardiovascular system directly.

Further research is necessary to differentiate

between these two mechanisms.

Parkinson’s disease. Recently, Parkinson’s

disease has emerged as an interesting model

to understand the neurobiological mecha-

nisms of the placebo response. In this model,

patients are given an inert substance (placebo)

and are told that it is an anti-Parkinsonian

drug that produces an improvement in

motor performance. It has been shown that

Parkinsonian patients respond to place-

bos quite well (Goetz et al. 2000, Shetty

et al. 1999), and a study that used positron

emission tomography to assess endogenous

dopamine release shows that placebo-induced

expectation of motor improvement activates

dopamine in the striatum of Parkinsonian

patients (de la Fuente-Fernandez et al. 2001).

In addition, Pollo et al. (2002) showed that

different and opposite expectations of bad

and good motor performance modulate the

therapeutic effect of subthalamic nucleus

stimulation in Parkinsonian patients who

had undergone chronic implantation of

electrodes for deep brain stimulation. For

example, in an analysis of the effect of
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subthalamic stimulation on the velocity of

movement of the right hand, the hand

movement was found to be faster when the

patients expected a good motor performance

(Pollo et al. 2002). The expectation of good

performance was induced through a placebo-

like procedure, thus indicating that placebo-

induced expectations have an influence on the

outcome of the treatment. All these effects oc-

curred within minutes, which suggests that ex-

pectations induce neural changes very quickly.

The ability to study Parkinsonian patients

who are implanted with electrodes for deep

brain stimulation has been exploited recently

to record from single neurons after placebo

administration (Benedetti et al. 2004). In this

study, the activity from single neurons in the

subthalamic nucleus was recorded before and

after placebo administration to see whether

neuronal changes were linked to the clini-

cal placebo response. The placebo consisted

of a saline solution that was given to pa-

tients along with the suggestion that it was

an anti-Parkinsonian drug. It was found that

the placebo responders showed a significant

decrease of neuronal discharge and the disap-

pearance of bursting activity of subthalamic

neurons, whereas the placebo nonresponders

did not exhibit these changes. These findings

in Parkinson’s disease patients offer opportu-

nities to administer an exciting and innova-

tive approach with the possibility of recording

from single neurons in awake patients during

the placebo response.

Depression. The neural mechanisms of

placebo treatments have also been studied in

depression. However, these studies need fur-

ther research and confirmation since, due to

ethical constraints, they did not include ap-

propriate control groups. Depressed patients

who received a placebo treatment showed

both electrical and metabolic changes in

the brain. In one study, placebos induced

electroencephalographic changes in the pre-

frontal cortex of patients with major depres-

sion, particularly in the right hemisphere

(Leuchter et al. 2002). It has been suggested

that this finding of brain functional changes

during placebo treatment can be used to

identify the subjects who are likely to be

placebo responders. In particular, Leuchter

et al. (2004) found that placebo responders

had lower pretreatment frontocentral cor-

dance (a measure of electroencephalogram ac-

tivity) in comparison with all other subjects.

Placebo responders also had faster cognitive

processing time, as assessed by neuropsycho-

logical testing, and lower reporting of late

insomnia. Based on these data, the authors

suggest a combination of clinical, neurophys-

iological, and cognitive assessments for iden-

tifying depressed subjects who are likely to be

placebo responders.

In another study, changes in brain glucose

metabolism were measured by using positron

emission tomography in subjects with unipo-

lar depression (Mayberg et al. 2002). Placebo

treatments were associated with metabolic in-

creases in the prefrontal, anterior cingulate,

premotor, parietal, posterior insula, and pos-

terior cingulate cortex, and metabolic de-

creases in the subgenual cingulate cortex,

para-hippocampus, and thalamus. Interest-

ingly, these regions also were affected by the

selective serotonin reuptake inhibitor fluoxe-

tine, a result that suggests a possible role for

serotonin in placebo-induced antidepressant

effects (see Benedetti et al. 2005 for a review).

IMPLICATIONS FOR CLINICAL
TRIALS AND CLINICAL
PRACTICE

Recent advances in our understanding of

placebo responses have raised some implica-

tions for clinical trials and clinical practice.

Some of these implications center on the eth-

ical enhancement of factors that drive placebo

mechanisms during administration of an ac-

tive therapy. It is important to note that the

clinical implications for placebo use involve

exploitation of placebo factors and mecha-

nisms when there is an active treatment be-

ing administered, not the deliberate use of

a placebo when there is an active treatment
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available, which is unethical. The research

on the placebo effect has highlighted the in-

volvement of several factors in placebo re-

sponses, and studies of placebo mechanisms

have started to identify the ways in which these

factors drive responses. Despite increases in

the number of studies of placebo mechanisms,

there has been limited investigation of the har-

nessing of these mechanisms to improve clin-

ical trials and clinical practice.

A recent study illustrates the long-term

clinical benefits of placebo factors when pa-

tients believe they have been given active

treatments. In a double-blind study of hu-

man fetal mesencephalic transplantation (an

experimental treatment for Parkinson’s dis-

ease), investigators studied the effect of this

treatment compared with a placebo treat-

ment for twelve months, using a standard ran-

domized controlled trial design (McRae et al.

2004). They also assessed the patient’s per-

ceived assignment to either the active (fetal

tissue implant) or placebo treatment (sham

surgery). There were no differences between

the transplant and sham surgery groups on

several physical and quality-of-life measures

made by both medical staff and patients. In-

stead, the perceived assignment of treatment

group had a beneficial impact on the over-

all outcome, and this difference was present

at least twelve months after surgery. Patients

who believed they received transplanted tissue

had significant improvements in both psycho-

logical (quality of life) and physiological (mo-

tor function) outcomes, regardless of whether

they received sham surgery or fetal tissue im-

plantations. This study is unusual in providing

evidence that the placebo effect can last a long

time, quite possibly due to the elaborate and

invasive nature of the placebo treatment.

In two similar studies (Bausell et al. 2005,

Linde et al. 2007), real acupuncture was com-

pared with sham acupuncture for different

painful conditions, such as migraine, tension-

type headache, chronic low back pain, and

osteoarthritis. These studies examined the ef-

fects of patients’ expectations on the thera-

peutic outcome, regardless of the group to

which the patient belonged. To do this, pa-

tients were asked either which group they be-

lieved they belonged to (either placebo or real

treatment) (Bausell et al. 2005) or whether

they considered acupuncture to be an effec-

tive therapy in general and what they per-

sonally expected from the treatment (Linde

et al. 2007). These studies found that patients

who believed they belonged to the real treat-

ment group experienced larger clinical im-

provement than those patients who believed

they belonged to the placebo group (Bausell

et al. 2005). Likewise, patients with higher ex-

pectations about acupuncture treatment ex-

perienced larger clinical benefits than did pa-

tients with lower expectations, regardless of

their allocation to real or sham acupuncture

(Linde et al. 2007). Thus, it did not really mat-

ter whether the patients actually received the

real or the sham procedure. What mattered

was whether they believed in acupuncture and

expected a benefit from it.

We think that these studies represent a

good example of how clinical trials should

be viewed from a theoretical perspective and

how they should be conducted from a practi-

cal viewpoint. They underscore the necessity

to consider clinical trials from a different per-

spective, in order to make their interpretation

more reliable. Some confusing outcomes of

clinical trials could be clarified by the sim-

ple questions, “What do you expect from this

treatment?”, or “Which group do you believe

you are assigned to?”

These studies also illustrate how incorpo-

ration of placebo-related measures can im-

prove clinical trials. Assessing variables that

contribute to the placebo effect, such as per-

ceived group assignment, expected changes,

and desire for clinical benefits, could provide a

means of assessing the contribution of placebo

even when there is no natural history con-

dition. Recall that factors such as these ac-

count for large amounts of variance in placebo

responses. A secondary benefit would be a

means of assessing the extent to which double-

blind conditions are maintained. Enhancing

and maintaining the placebo component of a
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proven therapy could occur because of several

psychosocial factors and suggestions that are

ethically permissible (e.g., “The agent you

have just been given is known to significantly

reduce pain in some patients”).

Further implications of the role of placebo

mechanisms on the outcome of an active ther-

apy are seen with the differences between a

standard administration of a treatment and a

hidden administration, a paradigm described

earlier. This difference in effect has been

demonstrated not only for pain (Figure 1) but

also for other conditions such as Parkinson’s

disease. In the case of Parkinson’s disease,

deep brain stimulation of the subthalamic nu-

cleus has been shown to be less effective (by

means of autonomic and motor responses)

when administered covertly rather than in a

standard clinical (open) manner (Colloca et al.

2004). Similar to analgesia studies, this study

shows that the overall effect of a treatment

such as administration of an active agent is a

combination of the pharmacological proper-

ties of the drug and the placebo mechanisms

that are driven by the psychosocial context

surrounding the drug administration. The

larger the difference between the two admin-

istrations, the more significant the placebo

mechanisms are in the overall effect. On the

other hand, a smaller difference between the

administrations indicates that the pharma-

cological properties of the drug are playing

a more significant role rather than placebo

mechanisms. The factors involved in this dif-

ference are those that mediate placebo ef-

fects, as the difference in the administrations

represents the psychosocial context of the

treatment.

The open-hidden paradigm underscores

the importance of placebo mechanisms, par-

ticularly expectations, on the outcome of a

given treatment. In doing so, it demonstrates

that the therapeutic interaction between a

clinician and a patient can play a significant

role in the outcome of a therapy. It also

presents researchers with a different paradigm

to study the overall effect of a drug, where one

can establish the pharmacological and placebo

components of a drug without actually admin-

istering a placebo. The paradigm also high-

lights the potentially negative impact of a loss

of placebo mechanisms on the outcome of a

therapy and highlights the clinical importance

of assessment of these factors prior to therapy

in some instances. One such instance is anal-

gesic therapy for patients with Alzheimer’s

disease. In this condition, there is a disruption

of expectation mechanisms due to cognitive

impairment.

In a recent study, one of us assessed overt

and covert administration of a local anesthetic

following venipuncture in Alzheimer’s disease

sufferers (Benedetti et al. 2006). In this experi-

ment, the placebo component, represented by

the differences in response to open and hid-

den local anesthetic administration, was cor-

related with both cognitive status and func-

tional connectivity between different brain

regions. Interestingly, patients with reduced

frontal assessment battery scores showed a de-

creased placebo component to the therapy.

Similar disruption of the placebo component

was seen with reduced connectivity between

the prefrontal lobes and the rest of the brain.

Of clinical importance is the fact that the re-

ductions in the placebo component had an ef-

fect on treatment efficacy, with those patients

with greater losses of placebo mechanisms re-

quiring larger doses of the drug to produce

adequate analgesia. This study further high-

lights the importance of expectancy-related

(placebo) mechanisms in the overall therapeu-

tic outcome and the need for consideration of

these mechanisms when prescribing an anal-

gesic regime to patients with cognitive impair-

ment (Benedetti et al. 2006).

CONCLUSIONS

Our understanding and conceptualization of

the placebo effect has changed in recent times,

shifting from a focus on the inert content of

a physical placebo agent to the overall simu-

lation of a therapeutic intervention. Research

has allowed for the identification of not one

but many placebo responses, each of which

2.20 Price · Finniss · Benedetti



may be driven by different psychological and

neurobiological mechanisms depending on

the particular context in which the placebo

is given. We are still some way from under-

standing the relationships between the iden-

tified psychological variables and their neuro-

biological underpinnings, although a body of

literature is emerging that identifies the roles

of certain cognitive and emotional factors

and various biochemical and neuroanatomi-

cal mechanisms in driving placebo responses.

This literature also shows that placebos have

actual biological effects on the brain and

body and are more than response biases. The

demonstration of the involvement of placebo

mechanisms in routine clinical practice and

clinical trials has opened up opportunities

to look at the ethical enhancement of these

mechanisms in clinical practice. Further ex-

perimental and clinical research will hope-

fully provide for improved understanding of

placebo mechanisms and the ability to har-

ness them for the advancement of clinical

practice.

SUMMARY POINTS

1. The concept of placebo response has shifted in emphasis from viewing it as caused by

an inert physical agent to viewing it as the result of simulation of an active therapy.

2. Placebo effects can be produced by suggestions, past effects of active treatments, and

cues that signal that an active medication or treatment has been given.

3. Proximate psychological mediators of placebo responses include expectations, desires,

and emotions that target prospective symptom changes.

4. Psychological mediators are related to brain structures involved in reward/aversion

and regulation of emotions.

5. Placebo analgesic effects require endogenous opioids in some circumstances (e.g.,

prior conditioning with opioids) and not in others (e.g., prior conditioning with nono-

pioid drugs).

6. Although desire, expectations, and emotions may be required for some placebo phe-

nomena, such as pain, Parkinson’s disease, depression, and mood changes, other

placebo responses (immune, hormonal, and respiratory responses) result from less

conscious processes such as classical conditioning.

7. Assessment of mediators of placebo responses, such as expected benefits and perceived

group assignment, could improve clinical trials by providing a means of separately

assessing the contributions of placebo factors and factors related to active treatment,

as well as monitoring the extent of blinding within the trial.

8. Knowledge concerning mediators and mechanisms of placebo effects within active

therapies could serve to enhance this component through ethical use of suggestions

and optimum caregiver-patient interactions.

FUTURE ISSUES

1. There is a need to further characterize relationships between psychological mediators

of placebo responses and their associated neural mechanisms.
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2. Healthcare professionals need to be educated about the characteristics and underlying

mechanisms of placebo so that they can optimize placebo components of therapy.

3. Powerful placebo effects reflect mind-brain-body relationships, and there is a need

to philosophically resolve explanations of these relationships without resorting to

eliminative materialism or forms of dualism that completely divide the mind from the

body.
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Figure 4

Brain regions showing large reductions in pain-related brain activity, as represented by red-yellow
regions, during the placebo condition (right horizontal brain slices) compared with untreated natural his-
tory or baseline condition (left horizontal brain slices). The thalamus (Thal), second somatosensory area
(S-2), and insular cortical regions (Insula) showed reduced activity. These functional magnetic reso-
nance images are based on data from Price et al. 2007.




