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ix

It is with great enthusiasm that we present Pain and 
Placebo, a book outlining key aspects of research on 
placebo-induced modulation of experimental and clini-
cal pain, explaining the most important mechanistic 
advances, while discussing the impact of these findings 
for clinical researchers and health practitioners.

This is the first book that offers a comprehensive view 
of the themes of pain, placebo and nocebo. Although parts 
of these topics have been presented in a few books, there 
was a compelling need for a book specifically devoted 
to pain, placebo and nocebo research encompassing the 
realms of both basic science and clinical viewpoints. For 
this reason, we present this compendium that explains 
the bases for placebo-induced modulation of pain, with 
an emphasis on clinical perspectives, and their implica-
tions for clinical trials and practices.

The first part of the book is devoted to the description 
of the mechanisms underlying placebo-induced media-
tion and modulation of pain. Our expectation is that 
these sections will be of particular interest to not only 
scientists in the fields of medicine, psychology, and other 
health sciences, but also scientists in basic disciplines 
such as neuroscience, physiology, pharmacology, and 
biochemistry. Conversely, the second part of the book 
has been structured to be a helpful tool for senior-level 
healthcare providers including, but not limited to, anes-
thesiologists, internists, neurologists, neurosurgeons, 
neuroscientists, psychologists, nurses, and palliative 
care providers.

Our vision for this prodigious undertaking could 
certainly not be accomplished in isolation, and hence, 
we are honored and privileged to have engaged scien-
tists whose valuable contributions have advanced and 
elucidated these areas of research. These researchers 

have paved the way to several of the most relevant 
neurobiologic discoveries, and have led the discourse 
about challenges, controversies and potentials of these 
advances, while providing stimulating and innovative 
perspectives. Undoubtedly, we could not cover all top-
ics or involve all researchers in the field in this volume. 
This field of research is growing at such a rapid rate as to 
make a complete treatise of placebo and pain impossible.

The Editors wish to thank all the authors for their 
contributions and acknowledge the support they have 
received from their funders. Luana Colloca would like to 
thank the Intramural Research Program of the National 
Center for Complementary and Alternative Medicine 
(NCCAM), the National Institute of Mental Health 
(NIMH), and the Department of Bioethics, Clinical Cen-
ter at the National Institutes of Health for their valuable 
source of support for her activities. Magne Arve Flaten is 
grateful to the Bial Foundation and the Research Council 
of Norway for continuous support, and Karin Meissner 
thankfully acknowledges the German Ministry of Edu-
cation and Research and the Schweizer-Arau Founda-
tion for their support.

We trust that this book provides a valuable contribu-
tion in promoting future discoveries, providing mate-
rial for critical discussions, and educating readers about 
this fascinating and promising field. Our ultimate hope 
is that by improving the general understanding of the 
mechanisms of placebo and pain, this book offers a step 
towards a path of relief for patients in pain.

Luana Colloca
Magne Arve Flaten

Karin Meissner

Preface
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INTRODUCTION

Placebos and placebo effects have been an interesting 
component of medicine and health care for hundreds 
of years. The topic area of ‘placebo’ is one that has been 
appealing to professionals from a wide range of back-
grounds, ranging from clinical and laboratory fields to 
broader anthropologic and sociocultural disciplines. 
Inherent in this topic area lay a multitude of perspectives 
and approaches to understanding the meaning of placebo 
and how it might relate to health care and broader human-
ity. On this basis, it could be argued that the study of pla-
cebo is an important pillar in the practice of medicine.

Recently, significant attention has been given to a mod-
ern conceptualization of placebos and placebo effects in 
an attempt to progress understanding of the area. This has 
been particularly important in moving the field forward 
and advancing the study of placebo. However, it is impor-
tant to appreciate a historical perspective as this provides 
an understanding of the origin of the word and the initial 
framework in which it was used. Much of the modern 
view of placebo is still shaped by its lengthy history.

DEFINITIONS AND 
CONCEPTUALIZATION

The word ‘placebo’ seems to have first appeared 
in a religious context around the time of the 13th cen-
tury, in the setting of an early Latin translation of the 
Hebrew Bible.1,2 It is believed that the word placebo (a 
Latin word) was actually the result of a mistranslation 
from the ancient Hebrew word ‘ethalech,’ which means 
‘I shall walk.’3 In the opening phrase of the Vespers for 
the Dead (Psalm 116, 9th verse), the biblical phrase reads 
‘Placebo Domino in regione vivorum,’ which translated 
means ‘I shall walk before the Lord.’4,5 However, this 

phrase seems to have been mistranslated to ‘I will please 
the Lord,’ with the word ‘placebo’ therefore meaning ‘to 
please.’6 This slight mistranslation was the foundation 
for the meaning and application of the word for many 
centuries.

By the late 1300s, the word placebo had taken on a 
disparaging meaning, where hired mourners were said 
to ‘sing placebos’ of false praise to flatter the dead.2 Simi-
larly, around the same time, in one of Geoffrey Chau-
cer’s Canterbury tales (The Merchant’s Tale), a character 
‘placebo’ was depicted as a sycophant.7 In another of 
Chaucher’s tales (The Parson’s Tale), flatterers were 
described as the Devil’s chaplains, always  singing 
placebo.8 It seems clear that even in these early times, 
there were some subtle variations in the use and mean-
ing of the word. Although the literal translation of the 
word was ‘to please,’ its actual use seemed to be more 
negative, and these early applications of placebo may 
well have shaped the direction of its use for many years 
to come.

The use of the word ‘placebo’ in a medical context 
seems to have been due to the work of a British physi-
cian, William Cullen.9 In the year 1772, Cullen delivered 
a series of lectures in which he used the word placebo in 
the medical context. He conceptualized giving a placebo 
as an attempt to comfort or please a particular patient 
who had incurable disease, and wrote that ‘… I did not 
trust much to it, but I gave it because it is necessary to give a 
medicine, and as what I call a placebo.’2 This is a particularly 
interesting paper in the history of placebo as it presented 
placebo in a somewhat positive way, identifying it as a 
useful tool for both the physician and for the patient. 
In fact, the notion that placebo may reduce a patient’s 
symptoms (by pleasing them) during the course of an 
incurable disease introduces the idea that placebo effects 
may be meaningful in certain therapeutic contexts, 
particularly when symptomatic improvement is an 
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important goal. This insightful paper may have been the 
impetus for the first documentation of the term ‘placebo’ 
in a medical dictionary in 1785 (Motherby’s New Medi-
cal Dictionary).8 In this dictionary, placebo was defined 
as ‘a common placebo method or medicine’; this is not 
entirely in keeping with the original translation of the 
word, or even Cullen’s initial use, but it nonetheless 
acknowledged ‘placebo’ as an entity in the medical set-
ting. However, it was not much later (1811) that a clearer 
definition was provided in Hooper’s Medical Diction-
ary, which defined a placebo as ‘any medicine adapted 
more to please than benefit the patient,’ and therefore 
this definition was more representative of the origin of 
the word.8 Despite many minor modifications over the 
years, this has arguably remained the foundation of both 
the definition and meaning of placebo that has persisted 
to recent times.

PLACEBOS AS CONTROLS

At a similar time to the first use of the word in the 
medical literature, the notion of using a placebo as a 
control in the medical setting was presented. In 1784, 
what is believed to be the first placebo-controlled exper-
iment was conducted by Benjamin Franklin and Antione 
Lavoisier.10 The trial was conducted as a result of Louis 
XVI appointing a Royal Commission to investigate the 
work of Franz Anton Mesmer, who had claimed to have 
discovered a new curative technique. This technique 
was called ‘mesmerism,’ and was founded on the belief 
that humans had certain internal channels of fluid, a 
property Mesmer called ‘animal magnetism,’ and that 
targeting these fluid channels with therapy could alle-
viate many bodily symptoms. Initial results from the 
elaborate rituals of mesmerism suggested profound 
effects, and it was on this basis that the controlled trial 
was established.10 In this trial, patients were exposed 
to genuine ‘mesmerized’ objects (as described by Mes-
mer) and objects which were reportedly mesmerized, 
but which had been secretly swapped and were simply 
a ‘dummy.’ As a significant number of patients would 
respond to both objects, the commission concluded 
that there was no scientific evidence of Mesmer’s 
theories, and that any effects were due to a patient’s 
‘imagination.’10

It was not long after that another placebo-controlled 
trial was conducted, this time in the setting of surgery. In 
1799, a British physician by the name of John Haygarth 
decided to perform a trial on a treatment which involved 
surgical implantation of metallic rods (‘Perkins Trac-
tors’).11 It was believed that the metallic properties of the 
tractors were able to alleviate the symptoms of disease.12 
In this small trial of five patients, Haygarth implanted 

the rods in a blinded manner. He first implanted  
‘imitation’ rods (made from wood), and four of the five 
patients gained relief. The procedure was then repeated 
with the genuine Perkins Tractors, with the same result. 
Haygarth quotes ‘an important lesson in the physic is here 
to be learnt, the wonderful and powerful influence of the 
 passions of the mind upon the state and disorder of the body.’7 
Together, these trials were the first in the medical field to 
use a placebo in the setting of a control for the purposes 
of assessing the validity of a treatment. Furthermore, the 
conclusions of these trials would shape interpretation 
of placebo-controlled trials to the current day. Frankin, 
Lavoisier and Haygarth all came to similar conclusions 
as to a ‘response’ to the placebo treatment. First, this 
demonstrated a lack of evidence for the intervention in 
question. Second, response to placebo was a construct 
of the ‘imagination,’ and therefore was quite separate 
to an effect that existed in the body. Haygarth, however,  
did make an important link between mind and body, 
which seems to have been an advanced appreciation for 
the time.

PLACEBOS AS A TREATMENT

The assessment of placebo use as a treatment is some-
what complex as it depends on whether one assesses 
the validity of a given treatment, using a modern scien-
tific framework, or attempts to understand the intention 
of the clinician in prescribing treatments. For the latter, 
one is particularly reliant on the literature, although it 
is entirely possible that, despite frequent use of place-
bos in routine clinical practice, this was not presented in 
the medical literature due to the negative connotations 
surrounding placebo use. Regardless of the approach 
to assess placebo use clinically, this has been a dif-
ficult task even for experienced anthropologists and 
historians.13–15

The analysis of ‘prescientific’ medicine using a  current 
scientific framework has led some authors to propose the 
idea that the history of prescientific medicine may actu-
ally be the history of the placebo effect.15 Such a view 
is constructed on the assessment of the many different 
treatments presented in the literature and in a variety 
of pharmacopias. For example, some remedies sighted 
in the London Pharmacopoeia include ‘Usnea’ (the 
moss from the skull of a victim of a violent death) and 
Gascoyne’s powder (bezoar, amber, pearls, crabs’ eyes, 
claws and coral).14,16 Other common remedies included 
unicorn horn (usually from an elephant) and bezoar 
stones (allegedly formed from the tears of a deer bitten 
by a snake, but actually animal gallstones).17 In fact, it 
has been estimated that there were at least 5000 ancient 
remedies with over 16 000 different prescriptions.14
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Another way of assessing the use of placebo as a treat-
ment has come with the study of Native Americans, who 
used an incredible number of medicinal plants in differ-
ent prescriptions for many ailments. It has been assessed 
that over 219 different cultures of Native Americans used 
more than 2800 species of medicinal plants in over 25 000 
ways.15 However, this line of sociocultural research 
places less focus on assessment of scientific validity of 
these remedies (the actual content) than on their cultural 
meaning. To this extent, placebo was conceptualized 
more by the use of remedies as part of a symbolic healing 
ritual, one which modern medicine would identify as a 
placebo (by the so-called inert nature of the remedy).18 
However, it is important to keep in mind that  so-called 
‘healing rituals’ have not been isolated to specific cul-
tures, with procedures such as ‘Royal Touch’ dating 
back many hundreds of years. This relatively common 
procedure involved laying one’s hands on a patient as 
a treatment for illness, and was one of the most persis-
tent methods of healing that extended into contempo-
rary times.17 Both qualitative assessment of the content 
of treatments, and assessment of the broader ritualistic 
nature of healing using a modern framework, suggest 
that, by modern definition, these practices resembled 
the use of placebo as a means of alleviating symptoms 
of disease.

The assessment of specific placebo use is also difficult 
and open to interpretation, particularly from a defini-
tional perspective. Many of the above treatments may 
have been believed to be specific for the cure of disease, 
rather than simply a treatment to ‘please’ the patient 
(using the very original definition of a placebo). In other 
words, the intention of the clinician may not have been 
to prescribe a placebo, as he or she may have believed 
that the treatment was a cure for a disease, even if a pla-
cebo was actually given. Although the word placebo is 
not often used, there are cases where one may interpret 
the intention of the physician as being ‘pleasing’ rather 
than focused on curing the disease. For example, in 1807, 
Thomas Jefferson was recorded as stating what he termed 
‘pious fraud’ when a successful physician reported 
that he used more bread pills, drops of coloured water 
and powders of hickory ashes than all other medicines 
combined.7 Similarly, others have noted that part of the 
practice of medicine was to learn to give placebo, bread 
pills, subcutaneous water and other devices.19 Although 
there is not a great amount of literature using such direct 
language about placebo use, it does suggest that the 
practice of using placebos with the specific intention of 
bringing comfort (and not fixing pathology) may have 
been quite widespread, although, as mentioned previ-
ously, the negative connotations surrounding placebo 
use may have resulted in a lack of desire to publish on 
the area.

PLACEBO IN THE EARLY 20TH CENTURY

Placebos continued to be used in the first half of 
the 20th century, primarily as controls in experiments. 
This was essentially a progression from the previously 
described trials some 100 years before. However, there 
had possibly been a shift in the interpretation of pla-
cebo effects in the setting of trials. This may have been 
shaped by work some years before, such as a small trial 
conducted by an American physician, Austin Flint, in 
1863. In this study, a placebo was given (a diluted rem-
edy) for the management of articular rheumatism. The 
conclusion was that the placebo would not actually alter 
the natural course of the disease, rather it would provide 
symptomatic relief as the disease progressed through 
its natural history.7,20 In this instance, response to a pla-
cebo was not deemed to be in one’s ‘imagination,’ or not 
a genuine response, rather it was seen as an observed 
response to the administration of a placebo treatment. 
Therefore, one could assess the symptomatic response to 
a placebo and compare it to the response to the interven-
tion in question (or index intervention). The difference 
between symptomatic relief to placebo and to that of the 
index intervention represented the additional effects of 
the index treatment, which were presumably more spe-
cific to the disease process. It is therefore possible that 
such shifts in thinking may have shaped the introduc-
tion of blinded trials using placebos, several of which 
were conducted in the early 1900s.20

The use of placebos in the clinical trial setting 
increased in the early 20th century, with the first clini-
cal blinded study conducted in 1913.21 Soon after, sev-
eral trials using what was called ‘the blind method’22 
were conducted, some with numbers approaching 1000 
subjects, such as the trial conducted by Adolf Bingel in 
1918.14 In this particular trial, researchers tested an ‘anti-
toxin’ and a placebo for the treatment of diphtheria. Bin-
gel made a specific point of using colleagues who were 
blinded to the allocation as assessors of the treatment, 
underscoring his beliefs about the importance of con-
trols and blinding in evaluation of treatments. After sev-
eral years of limited use, controlled blinded trials were 
again reported, firstly in the setting of assessing different 
types of ether preparation23 and then in the assessment 
of aminophylline for angina pectoris.24 In fact, over this 
period of time, Gold and his colleagues introduced the 
‘placebo-controlled double-blind trial’ to modern medi-
cine, which is still in use today.14 This method was made 
famous when it was used to study a treatment (Khellin) 
for angina pectoris in 1950.25 It was felt that controlling 
the placebo effect in the study of a treatment was impor-
tant for understanding the effect of the drug above the 
response to placebo administration. This paradigm was 
slowly adopted as standard for both research-funding 
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bodies, and later extended to the approval for new drugs 
in several countries.

PLACEBO AS MORE THAN JUST AN 
EXPERIMENTAL CONTROL

Throughout the first half of the 20th century, there 
were limited publications on the clinical use of placebo. 
Nonetheless, there were papers such as the one written 
by Houston in 1938 which was titled ‘The Doctor Himself 
as a Therapeutic Agent.’26 Although not strictly report-
ing placebo use, this paper described the effect of the 
therapeutic relationship or environment on the patient, 
implying that factors other than the prescribed therapy 
were also powerful in patient outcomes. Papers such 
as this one started to evolve thinking about the various 
components of the therapeutic encounter and how this 
might result in improvements in patients’ symptoms. It 
was not long after that Wolf and colleagues published 
a paper advocating the use of placebos in the clinical 
setting.27 In this paper, the authors suggested that if a 
patient was ‘pleased’ by receiving a placebo, then this 
was in fact a positive response to treatment. This paper 
seems to have been the first paper that specifically used 
the word placebo in the title and advocated use in the 
routine clinical setting.

Further exploration of placebo in its own right was 
seen in a pioneering paper by Lasagna and colleagues 
in 1964. This paper investigated placebo analgesia in the 
setting of post-operative pain, with the goal of under-
standing placebo responses and placebo responders. 
Researchers studied 93 patients with post-operative 
pain and administered alternating doses of placebo and 
opioid analgesia (morphine). A clinically meaningful 
effect was defined as 50% reduction in pain, and mul-
tiple alternating doses were able to be given to reach 
this target. The repeated administration protocol per-
mitted an evaluation of initial and consistent responses 
to placebo. Researchers found that only 14% of patients 
responded consistently to placebo, with 31% of patients 
consistently not responding. A large percentage (55%) 
of patients were defined as inconsistent responders. An 
additional qualitative analysis was performed, suggest-
ing that placebo responders may have had more somatic 
symptoms, higher levels of anxiety, and a more positive 
view of the hospital compared to non-responders. This 
led the investigators to make some conclusions as to the 
different psychologic and behavioral traits seen between 
responders and non-responders. To this extent, this was 
a pioneering paper in investigating placebo analgesic 
responses in a clinical setting.

In the same year (1964), another landmark paper was 
published.28 This paper assessed whether ‘active pla-
cebo action’ could be used to improve management of 

post-operative pain, and therefore represented one of 
the first attempts to use placebo to improve clinical out-
comes. In this study of 97 patients, researchers investi-
gated pain scores and total analgesic medication use in 
two groups of patients post-operatively. The first group 
was treated in a standard manner. The second group, or 
‘special care’ group, received additional attention (both 
in content and time) and advice from the physician 
regarding management of post-operative pain. At this 
time, such an intervention was deemed to be ‘a placebo’ 
as any benefit was not attributable to a specific phar-
macologic action of a medicine. Researchers found that 
the total analgesic drug dose was significantly lower in 
the ‘special care’ group than in the routine group, con-
cluding that the physician interaction was an important 
component of a therapeutic outcome (Fig. 1.1). This 
was an important initial paper in linking the doctor–
patient interaction with placebo effects and the ability to 
improve clinical practice.

Perhaps the most significant paper published in many 
years came in 1955, in that it drew attention to the results 
of the placebo group in placebo control trials, and, in 
doing so, estimated the power of ‘the placebo effect.’29 

FIGURE 1.1 Figure reproduced from Egbert LD, Battit GE, Welch 
CE, Bartlett MK. Reduction of postoperative pain by encouragement 
and instruction of patients – a study of doctor–patient rapport. N Engl 
J Med 1964;270(16):825–827. Note the significant differences between  
total postoperative morphine use between the control and ‘special 
care’ groups.



HISTORICAL ASPECTS OF PLACEBO ANALGESIA 5

In this seminal paper, titled ‘The Powerful Placebo,’ 
Beecher analysed the results of 15 controlled trials and 
pooled the results together to estimate the power of the 
placebo effect. The ‘effect’ was estimated at an average 
of 35.2% (range of 21% to 58%).29,30 After so many years, 
this paper finally took an empirical approach to quan-
tifying just how important the placebo effect might be 
in different medical settings. Although there are many 
papers which question the interpretation of this trial, 
it marked an important step in research on placebo, as 
people had become interested in what happened in the 
placebo group rather than just in the treatment group. 
Although efforts to study placebo responses in clinical 
trials were already underway, e.g. in the setting of post-
operative pain by Lasagna and colleagues, the paper by 
Beecher was pivotal in raising the profile of placebo in 
the medical community.31

With further use of placebo as a control in medical 
and surgical treatments, more interest was generated 
in challenging the current practice of medicine and also 
appreciating the power of the placebo effect. Examples 
of the power of placebo effects were seen in a series of 
trials in surgery for angina pectoris, conducted not long 
after the paper by Beecher.

Internal mammary artery ligation, a surgical treatment 
for angina pectoris, was performed as it was believed to 
increase blood flow to the myocardium. In turn, patients 
reported reduced symptoms.13,15 A series of placebo 
or ‘sham’ controlled trials (where half of the patients 
received the surgery and half were given only a skin 
incision) demonstrated significant responses to both the 
placebo (or sham) procedure and the real procedure.32,33 
As in the past, such a response to the placebo (or sham) 
operation questioned the validity of the actual surgery, 
suggesting that the symptom relief was merely due to a 
placebo effect and not to the technical nature of the pro-
cedure. Such demonstrations of response to placebo sur-
gical procedures have continued over the course of the 
last 50 years, with similar powerful placebo responses 
seen in very recent trials of surgery, such as for arthros-
copy for knee pain34 and vertebroplasty for spinal pain.35 
Even in recent times, interpretation of such powerful 
placebo responses has involved challenging the validity 
of different surgical procedures, and although accepted 
as the ‘gold standard’ in empirical evaluation of a treat-
ment, placebo responses in this context have still been 
somewhat negative, although for a different reason, as 
this can challenge contemporary medical practice.

Continued use of placebo in both medical and surgi-
cal trials resulted in further estimates of the power of the 
placebo effect. In the last 10 years, several papers have 
been published which have attempted to analyze the 
power of placebo effects in different settings.36–38 One 
of the key findings was that placebo effects were larger 
in experimental trials (which aim to increase placebo 

effects) than in clinical trials (which are strictly controls), 
and that there are significant methodological issues in 
treating the placebo effect as a single effect and assessing 
it across many different clinical settings. However, in the 
bigger picture, these papers again brought the topic of 
placebo to light and gained an extraordinary amount of 
attention in medical literature and in the printed media.

THE EMERGENCE OF THE STUDY OF 
PLACEBO MECHANISMS

Although the recent history of placebo has been domi-
nated by assessment of placebo responses in clinical tri-
als, concurrent interest in the mechanisms of placebo 
started in the 1960s with a series of elegant experiments 
studying psychologic conditioning in animals.39,40 This 
work was soon expanded to humans,41 and together 
demonstrated that placebo analgesic effects may be 
mediated by conditioning (or learning) processes. 
Despite uncovering the potential understanding of how 
placebo effects may be mediated, research into placebo 
mechanisms only blossomed from this time, represent-
ing the start of a new era of research into placebo.

In 1978 a landmark trial was conducted by Levine and 
colleagues, who tested the hypothesis that placebo anal-
gesia may be mediated by endogenous opioids. In this 
double-blinded study in post-operative pain, patients 
received a placebo 2 hours post-surgery and were then 
categorized into ‘responders’ and ‘non-responders.’ 
When a second drug administration was performed (the 
opioid antagonist naloxone) in each of these groups, 
there was no change in pain in the ‘non-responder’ 
group; however, there was an increase in pain in the 
‘responder’ group. This was an elegant demonstration 
that placebo analgesia could be significantly reduced by 
naloxone, supporting the hypothesis that endogenous 
opioids mediate placebo analgesia.42

In 1983, the role of endogenous opioids was extended 
by Grevert and colleagues in another important study 
of the mechanisms of placebo analgesia.43 In this study, 
experimentally induced arm pain was created in 30 sub-
jects. Each subject received a placebo injection and was 
subsequently divided into two groups. Forty minutes 
after the first placebo injection, subjects in group one 
received a hidden administration of naloxone, and those 
in group two received a hidden injection of saline. This 
‘open–hidden’ paradigm represented a novel way to 
assess the pharmacology of the drug without the psy-
chosocial context (hidden administration) or the phar-
macology of the drug and the effects of the psychosocial 
context (now conceptualized as placebo effects). In this 
study, hidden naloxone reduced the initial placebo anal-
gesia whereas hidden saline did not, further supporting 
the role of endogenous opioids in placebo analgesia.
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This new paradigm improved experimental valid-
ity and was used again a year later (1984) by Levine & 
 Gordon.44 The hypotheses and results of this experiment 
were in fact similar to those of Grevert et al in 1983; how-
ever, this study was particularly important in that it repro-
duced the above-mentioned findings with the inclusion 
of a natural history (no treatment) group. The presence 
of a natural history group allows for a more valid estima-
tion of a response to a placebo injection as it controls for 
the natural history of the experimental pain and statisti-
cal phenomena such as regression to the mean.45 Each 
of these studies conducted between 1978 and 1985 pro-
vided critical groundwork for exploration into the role 
of the endogenous opioid system and placebo analgesia. 
Furthermore, by virtue of the fact that placebo analgesia 
was not completely reversed by naloxone, these studies 
raised the possibility that other physiologic systems may 
also be involved in placebo analgesia. Together with fur-
ther research on conditioning in humans, e.g.,46 and the 
psychologic construct of expectancy, e.g.,47 there was a 
discrete field of work aimed at understanding the mech-
anisms of placebo effects.

One particularly important study took place at around 
the same time as the described work into the mecha-
nisms of placebo analgesia. This study, conducted by 

Gracely and colleagues in 1985, was seemingly designed 
in a similar manner to previous studies investigating 
placebo analgesia and the endogenous opioid system.48 
However, the hypotheses were in fact different, and this 
study aimed to assess placebo analgesia and the role 
of the therapeutic encounter. In this double-blinded 
administration of placebo in post-operative dental pain, 
patients were divided into two groups. Patients in both 
groups were told that they could receive an opioid 
analgesic (fentanyl), a placebo, or an opioid antagonist 
(naloxone) and that this could either improve, worsen 
or cause no change to their pain. However, the clini-
cians were told that there would be no active analgesic 
available for administration in group one, but that there 
would be a chance of delivering an opioid analgesic in 
group two. Strict double-blinded conditions remained in 
place. When analysing the response of patients in both 
groups to placebo, researchers found that a significant 
placebo effect existed in group 2 (when the clinician 
believed that a real analgesic could be given) com-
pared with group 1 (when the clinician believed that the 
patient could only receive placebo or naloxone). In fact, 
the average effect in group 1 was negative, and patients 
reported increases in pain (Fig. 1.2). Whilst this experi-
ment seemed to be designed to extend previous work on 
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opioid mechanisms, it was actually constructed to assess 
the interaction between the clinician and the patient. The  
authors concluded that the information given to  
the  clinicians may have resulted in subtle changes in 
the doctor–patient relationship (as double blinding 
prohibited exchange of any information) and that the 
clinician’s behaviors and gestures may have the ability 
to modulate placebo analgesia.

In more recent times, research in placebo mechanisms 
has expanded exponentially. In 1995, Fabrizio Benedetti 
published a paper which demonstrated that placebo 
analgesic effects were not only related to one system 
(the opioid system), but to another chemical (cholecys-
tokinin).49 This research group in Italy then drove the 
research agenda on placebo, discovering that there were 
multiple psychologic and biologic mechanisms for pla-
cebo analgesic effects, e.g.50–52 Others supported this 
work (which was primarily in the field of pain and anal-
gesia) and expanded it to include novel imaging of the 
brain, e.g.,53,54 and studies of placebo in other conditions 
such as Parkinson’s disease.55,56 Of great importance was 
that the mechanism literature prompted re-evaluation 
of the concept of placebo, which still has strong links to 
both its biblical origins and early use in the clinical trial 
setting.

USING HISTORY TO FURTHER EXPLORE 
PLACEBO ANALGESIA

Only recently has there been a concerted attempt to 
re-evaluate placebo in the context of clinical trials and 
clinical practice. Such examples include reviews of pla-
cebo mechanisms and their implications for clinical trials 
and practice,57 and concerted attempts to reconceptual-
ize the topic area, e.g., Miller and Kaptchuk.58 Taken 
together, an analysis of the history of placebo coupled 
with new experimental data has permitted new avenues 
for understanding and further exploring placebo effects, 
particularly in the setting of pain and analgesia.

Recent experiments have demonstrated that there is 
not one placebo effect, rather there are many, including 
multiple placebo analgesic effects, e.g.45,59,60 This has 
very significant implications for understanding placebo 
effects in different settings, as different effects are likely 
to operate in different contexts. Furthermore, it adds to 
the complexity of attempting to find ‘the power of the 
placebo effect,’ and highlights the need for advancement 
in studies, such as Beecher in 1955 and Hrobjartsson in 
2004, which treat placebo as a single entity or effect. This 
appraisal of older work coupled with new science is 
important in progressing the field.

Despite some of the unsavory connotations from the 
origin of the word, there is a strong argument to sup-
port the notion that placebo effects exist as part of every 

medical treatment.60 This is supported by very interest-
ing research demonstrating differences in drugs when 
they are given in a normal clinical manner or in a hid-
den manner (which removes the treatment context or 
ritual).61 In fact, when one gives a placebo, it is studying 
the effect of the psychosocial context (which includes 
concepts such as meaning and the treatment ritual) on 
the patient without giving the actual treatment itself.45 
Logic then decrees that any health-care encounter (as 
there is a psychosocial context) has the ability to activate 
placebo mechanisms, and that these mechanisms may 
be very different according to the clinical situation. This 
reconceptualization draws on the previously mentioned 
historical literature, some of which places less focus on 
‘the placebo’ and more focus on the therapeutic ritual or 
context.

Taken together, there is a large transition from the use 
of placebo to test whether a treatment is real or ‘imag-
ined,’ or to see placebo in a negative light, to a modern 
appreciation of a dynamic group of effects related to the 
therapeutic ritual or context. This appreciation presents 
the notion that one should not deceptively give place-
bos but rather understand how placebo mechanisms can 
be activated when giving valid therapies to patients. It 
is now understood that it is not the content of the pla-
cebo that ‘pleases’ the patient, rather it is the psychoso-
cial context and ritual of receiving the placebo therapy 
which changes the mind–brain–body interaction. After 
some hundreds of years, a new era in placebo research is 
emerging: one that aims to better understand the mind–
brain interaction through understanding placebo effects. 
Only then will one be able to look back and see how 
something with such a negative origin has led to very 
positive steps forward in health care.

References
 1.  Shapiro A. A historic and heuristic definition of the placebo.  

Psychiatry. 1964;27:52-58.
 2.  Kerr CE, Milne I, Kaptchuk TJ. William Cullen and a missing 

mind–body link in the early history of placebos. J R Soc Med. 2008; 
101(2):89-92.

 3.  Macedo A, Farre M, Banos JE. Placebo effect and placebos: what are 
we talking about? Some conceptual and historical considerations. 
Eur J Clin Pharmacol. 2003;59(4):337-342.

 4.  Jacobs B. Biblical origins of placebo. J R Soc Med. 2000;93(4):213-214.
 5.  Hart C. The mysterious placebo effect. Modern Drug Discover. 1999; 

2(4):30-40.
 6.  Lasagna LC. The placebo effect. J Allergy Clin Immunol. 1986;78: 

161-165.
 7.  de Craen AJ, Kaptchuk TJ, Tijssen JG, Kleijnen J. Placebos and  

placebo effects in medicine: historical overview. J R Soc Med. 1999; 
92(10):511-515.

 8.  Aronson J. Please, please me. BMJ. 1999;318:716.
 9.  Scott R. Health and virtue: or, how to keep out of harm’s way. Lec-

tures on pathology and therapeutics by William Cullen c 1770. Med 
Hist. 1987;31:123-142.

 10.  Kaptchuk TJ, Kerr CE, Zanger A. Placebo controls, exorcisms and 
the devil. Lancet. 2009;374:1234-1235.

http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0055


PLACEBO AND PAIN8

 11.  Booth C. The rod of Aesculapios: John Haygarth (1740–1827) and 
Perkins’ metallic tractors. J Med Biogr. 2005;3(3):155-161.

 12.  Kaptchuk T. Intentional ignorance: a history of blind assessment 
and placebo controls in medicine. Bull Hist Med. 1998;72:389-433.

 13.  Moerman D. Meaning, Medicine and the ‘Placebo Effect’. Cambridge: 
Cambridge University Press; 2002.

 14.  Shapiro A, Shapiro E. The placebo: is it much ado about nothing. In: 
Harrington A, ed. The Placebo Effect – an Interdisciplinary Exploration. 
Cambridge: Harvard University Press; 1997.

 15.  Moerman D. Physiology and symbols: the anthropological impli-
cations of the placebo effect. In: Romanucci-Ross L, Moerman 
DE, Tancredi LR, eds. The Anthropology of Medicine: from Culture to 
 Method. 3rd ed Westport, CT: Bergin & Garvey; 1997.

 16.  Garrison FH. An Introduction to the History of Medicine. 3rd ed. 
Philadelphia: Saunders; 1921.

 17.  Shapiro AK. The placebo effect in the history of medical treatment: 
implications for psychiatry. Am J Psychiatr. 1959;116:298-304.

 18.  Harrington A. Introduction. In: Harrington A, ed. The Placebo Effect –  
an Interdisciplinary Exploration. Cambridge: Harvard University 
Press; 1997.

 19.  Cabot RC. The use of truth and falsehood in medicine: an experi-
mental study. Am Med. 1903;5:344-349.

 20.  Kaptchuk TJ. Powerful placebo: the dark side of the randomised 
controlled trial. Lancet. 1998;351(9117):1722-1725.

 21.  Hewlett AW. Clinical effects of ‘natural’ and ‘synthetic’ sodium 
 salicylate. JAMA. 1913;61:319-321.

 22.  Sollmann T. The crucial test of therapeutic evidence. JAMA. 
1917;7:1439-1442.

 23.  Hediger EM, Gold H. U.S.P ether from large drums and ether from 
small cans labeled ‘for anesthesia’. JAMA. 1935;104:2244-2248.

 24.  Gold H, Kwit NT, Otto H. The xanthines (theobromine and ami-
nophylline) in the treatment of cardiac pain. JAMA. 1937;108: 
2173-2179.

 25.  Greiner TH, Gold H, Cattell M, et al. A method for the evaluation 
of effects of drugs on cardiac pain in patients with angina of effort:  
a study of Khellin (Visammin). Am J Med. 1950;9:143-155.

 26.  Houston WR. The doctor himself as a therapeutic agent. Ann 
 Intgern Med. 1938;11(8):1416-1425.

 27.  Wolf HG, Duboid EF, Gold H. Use of placebos in therapy. NY J Med. 
1946;46:1718-1727.

 28.  Egbert LD, Battit GE, Welch CE, Bartlett MK. Reduction of post-
operative pain by encouragement and instruction of patients – A 
study of doctor–patient rapport. N Engl J Med. 1964;270(16):825-827.

 29.  Beecher HK. The powerful placebo. JAMA. 1955;159:1602-1606.
 30.  Beecher HK. Measurement of Subjective Responses: Quantitative Effects 

of Drugs. New York: Oxford University Press; 1959.
 31.  Lasagna LC, Mosteller F, Von Felsinger JM, Beecher HK. The study 

of the placebo response. Am J Med. 1954;16(6):770-779.
 32.  Cobb LA, Thomas GI, Dillard DH, et al. An evaluation of internal 

mannary artery ligation by a double blind technic. N Engl J Med. 
1959;260:1115-1118.

 33.  Dimond EG, Kittle CF, Crockett JE. Comparison of internal mam-
mary artery ligation and sham operation for angina pectoris. Am J 
Cardiol. 1960;5:483-486.

 34.  Moseley BJ, O’Malley K, Petersen NJ, et al. A controlled trial of 
arthroscopic surgery for osteoarthritis of the knee. N Engl J Med. 
2002;347:81-88.

 35.  Buchbinder R, Osborne RH, Ebeling PR, et al. A randomized trial of 
vertebroplasty for painful osteoporotic vertebral fractures. N Engl J 
Med. 2009;361:557-568.

 36.  Hrobjartsson A, Gotzsche PC. Is the placebo powerless? An analy-
sis of clinical trials comparing placebo with no treatment. N Engl J 
Med. 2001;344(21):1594-1602.

 37.  Hrobjartsson A, Gotzsche PC. Is the placebo effect powerless? 
 Update of a systematic review with 52 new randomized trials com-
paring placebo with no treatment. J Int Med. 2004;256:91-100.

 38.  Vase L, Riley 3rd JL, Price DD. A comparison of placebo effects in 
clinical analgesic trials versus studies of placebo analgesia. Pain. 
2002;99(3):443-452.

 39.  Herrnstein R. Placebo effect in the rat. Science. 1962;138:677-678.
 40.  Ader R, Cohen N. Behaviourally conditioned immunosuppression. 

Psychosomat Med. 1975;37:333-340.
 41.  Laska E, Sunshine A. Anticipation of analgesia: a placebo effect. 

Headache. 1973;1:1-11.
 42.  Levine JD, Gordon NC, Fields HL. The mechanism of placebo anal-

gesia. Lancet. 1978;2(8091):654-657.
 43.  Grevert P, Albert LH, Goldstein A. Partial antagonism of placebo 

analgesia by naloxone. Pain. 1983;16:129-143.
 44.  Levine JD, Gordon NC. Influence of the method of drug adminis-

tration on analgesic response. Nature. 1984;312(5996):755-756.
 45.  Price DD, Finniss DG, Benedetti F. A comprehensive review of 

the placebo effect: recent advances and current thought. Annu Rev 
 Psychol. 2008;59:565-590.

 46.  Voudouris NJ, Peck CL, Coleman G. Conditioned placebo  
respo nses. J Pers Spc Psychol. 1985;48:47-53.

 47.  Voudouris NJ, Peck CL, Coleman G. The role of conditioning and 
verbal expectancy in the placebo response. Pain. 1990;43:121-128.

 48.  Gracely RH, Dubner R, Deeter WD, Wolskee PJ. Clinicians’ expecta-
tions influence placebo analgesia. Lancet. 1985;5:43.

 49.  Benedetti F, Amanzio M, Maggi G. Potentiation of placebo analge-
sia by proglumide. Lancet. 1995;346(8984):1231.

 50.  Benedetti F, Arduino C, Amanzio M. Somatotopic activation of opi-
oid systems by target-directed expectations of analgesia. J Neurosci. 
1999;19(9):3639-3648.

 51.  Benedetti F, Amanzio M, Baldi S, et al. Inducing placebo respiratory 
depressant responses in humans via opioid receptors. Eur J Neuro-
sci. 1999;11:625-631.

 52.  Benedetti F, Pollo A, Lopiano L, et al. Conscious expectation and 
unconscious conditioning in analgesic, motor, and hormonal  
placebo/nocebo responses. J Neurosci. 2003;23(10):4315-4323.

 53.  Petrovic P, Kalso E, Petersson KM, Ingvar M. Placebo and opi-
oid analgesia – imaging a shared neuronal network. Science. 
2002;295(5560):1737-1740.

 54.  Wager TD, Rilling JK, Smith EE, et al. Placebo-induced changes  
in fMRI in the anticipation and experience of pain. Science. 
2004;303:1162-1166.

 55.  Colloca L, Lopiano L, Lanotte M, Benedetti F. Overt versus covert 
treatment for pain, anxiety, and Parkinson’s disease. Lancet Neurol. 
2004;3:679-684.

 56.  de la Fuente-Fernandez R, Ruth TJ, Sossi V, et al. Expectation and 
dopamine release: mechanism of the placebo effect in Parkinson’s 
disease. Science. 2001;293(5532):1164-1166.

 57.  Finniss DG, Benedetti F. Mechanisms of the placebo response 
and their impact on clinical trials and clinical practice. Pain. 2005; 
114:3-6.

 58.  Miller FG, Kaptchuk TJ. The power of context: reconceptualizing 
the placebo effect. J Roy Soc Med. 2008;101(5):222-225.

 59.  Colloca L, Benedetti F. Placebos and painkillers: is mind as real as 
matter? Nature Rev Neurosci. 2005;6(7):545-552.

 60.  Finniss DG, Kaptchuk TJ, Miller F, Benedetti F. Biological, clini-
cal, and ethical advances of placebo effects. Lancet. 2010;375(9715): 
686-695.

 61.  Benedetti F, Maggi G, Lopiano L, et al. Open versus hidden medi-
cal treatments: the patient’s knowledge about a therapy affects the 
therapy outcome. Prevent Treat. 2003;6:article 1.

http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0255
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0255
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0255
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00001-5/ref0310


Placebo and Pain. http://dx.doi.org/10.1016/B978-0-12-397928-5.00002-7 Copyright © 2013 Elsevier Inc. All rights reserved.9

INTRODUCTION

Historically known for their analgesic effects, the 
endogenous opioid peptides are represented mainly by 
beta-endorphin, enkephalins and dynorphins. They are 
the natural ligands of the opioid receptors and, like their 
relative agonists (e.g. morphine) and antagonists (e.g. 
naloxone), they are not entirely specific for any one of the 
receptor subtypes. In fact, different types of opioid recep-
tors exist, all belonging to the G protein-coupled receptor  
superfamily. The most studied and understood are μ  
(or MOR, from mu opioid receptor), δ (DOR) and κ (KOR). 
The opioid receptors are found in a variety of brain 
regions in different proportions, from the spinal cord to 
the cerebral cortex. Whereas MOR and DOR receptors 
probably mediate both spinal and supraspinal analgesia, 
KOR receptors are involved mainly in spinal analgesia.1

The endogenous cannabinoids are closely related  
to the active ingredients present in Cannabis sativa 
extracts. The endocannabinoids belong to the class of lipid 
mediators, a series of arachidonic acid derivatives that 
play pivotal roles in immune regulation, in self-defense, 
and in the maintenance of homeostasis in living systems. 
Ligands and receptors of this system are present at vari-
ous levels in the pain pathways, from peripheral sensory 
nerve endings to spinal cord and supraspinal centers, in 
a way that is parallel to, but distinct from, that involving 
opioid receptors.2 Like other lipid mediators (e.g. pros-
taglandins), they appear to be synthesized and released 
locally on demand. The endocannabinoids in mammalian 
tissues are mainly anandamide, 2-arachidonylglycerol 
and 2-arachidonylglyceryl ether.2 They bind to a couple 
of distinct types of G-protein-coupled receptor, CB1 and 
CB2. The former is expressed mainly in the brain, while 
the latter is expressed in peripheral tissues, such as the 
immune system.2–4

Cholecystokinin (CCK) is an octapeptide which binds 
to a couple of receptor subtypes: CCK-1 and CCK-2. The 
distribution of CCK in the brain matches that of the opi-
oid peptides at the spinal and supraspinal level,5 sug-
gesting a close interaction between the two systems.6 
From a functional point of view, CCK inhibits the anal-
gesic effects of morphine7 and β-endorphin,8 so that it is 
considered as an antagonist of the opioid system.6

These three neurotransmitters have been found to 
powerfully modulate both placebo analgesia and nocebo 
hyperalgesia. Therefore, today they are considered to 
have a pivotal role in placebo and nocebo responses 
(Fig. 2.1). In the following sections we describe how this 
modulation takes place.

SOME TYPES OF PLACEBO ANALGESIA 
ARE MEDIATED BY ENDOGENOUS 

OPIOIDS

Placebo-induced analgesia has been found to be 
related to the activation of the endogenous opioid sys-
tems in some circumstances. The first study that tried 
to understand the biologic mechanisms of placebo anal-
gesia was aimed at blocking opioid receptors with the 
antagonist naloxone.9 This study was performed in the 
clinical setting in patients who had undergone extrac-
tion of the third molar. The investigators found a disrup-
tion of placebo analgesia after naloxone administration, 
which indicates the involvement of endogenous opioid 
systems in the placebo analgesic effect. One of the major 
criticisms was the lack of adequate control groups, such 
as a natural history group, as well as the possibility that 
naloxone per se might have a hyperalgesic effect.10 From 
this perspective, the higher pain intensity following nal-
oxone administration would not be due to the blockade 
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of placebo-induced activation of endogenous opioids, 
but rather to the hyperalgesic properties of naloxone. 
This is a crucial point because naloxone must not have 
any hyperalgesic effect in order to be used in the study of 
the placebo effect. Despite these limitations, the study by 
Levine, Gordon and Fields9 represented the first attempt 
to give scientific credibility to the placebo phenomenon 
by unraveling the underlying biologic mechanisms. 
Thus, this study represents the passage from the psycho-
logic to the biologic investigation of the placebo effect.

The years that followed the publication of the study by 
Levine et al9 were characterized by some attempts to ver-
ify and to reproduce these findings.11,12 However, in 1983, 
Gracely et al13 demonstrated that naloxone may indeed 
have hyperalgesic effects in postoperative pain, thus pos-
ing some doubts on the opioid hypothesis of placebo anal-
gesia. Research in this field had a long pause from 1984 
to 1995, with the exception of a few isolated studies. For 
example, Lipman and collaborators14 studied chronic-pain 
patients and found that those patients who responded to 
a placebo administration showed higher concentrations 
of endorphins in the cerebrospinal fluid compared with 
those patients who did not respond to the placebo.

From 1995 until 1999, a long series of experiments 
with rigorous experimental designs were performed by 
Benedetti and collaborators. During these 5 years, many 
unanswered questions were clarified, and the role of 

endogenous opioids in placebo analgesia was explained. 
By using the model of experimental ischemic arm pain 
(tourniquet technique), it was definitely clarified that 
naloxone, which was tailored to individual weights, 
does not affect this kind of pain, so that any effect fol-
lowing naloxone administration could be attributed to 
the blockade of placebo-induced opioid activation.15 
Concurrently, the same authors tested the effects of pro-
glumide, a non-specific antagonist for CCK-1 and CCK-2 
receptors, on placebo analgesia. It was hypothesized 
that, on the basis of the anti-opioid action of CCK, the 
blockade of CCK receptors could enhance the opioids 
released by the placebo. Indeed, it was found that the 
CCK-blocker enhanced placebo analgesia, which repre-
sents a novel and indirect way to test the opioid hypoth-
esis.15,16 Therefore, the model we have today to explain 
the analgesic effect following the administration of a pla-
cebo involves two opposing neurotransmitter systems, 
opioids and CCK.

In 1984, Fields and Levine17 had hypothesized that 
the placebo response may be subdivided into opioid 
and nonopioid components. In particular, Fields and 
Levine’s suggestion was that different physical, psy-
chologic and environmental situations could affect the 
endogenous opioid systems differently. This concept 
was further supported by the finding that the placebo 
analgesic effect is not always mediated by endogenous 

FIGURE 2.1 General schema of the involvement of opioid, cannabinoid and cholecystokinin systems in placebo analgesia and nocebo  
hyperalgesia.
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opioids.13 This issue was partially addressed by Amanzio  
and Benedetti,18 who showed that both expectation and 
a conditioning procedure can result in placebo anal-
gesia. The former is capable of activating opioid sys-
tems whereas the latter activates specific subsystems. 
In fact, if the placebo response is induced by means of 
strong expectation cues, it can be blocked by the opioid 
antagonist naloxone. Similarly, if a placebo is given after 
repeated administrations of morphine (preconditioning 
procedure), the placebo response can be blocked by nal-
oxone. Conversely, if the placebo response is induced by 
means of prior conditioning with a nonopioid drug, it is 
naloxone-insensitive.18

Specific placebo analgesic responses can be obtained 
in different parts of the body,19,20 and these responses are 
naloxone-reversible.21 For example, if four noxious stim-
uli 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 
highly specific effect is blocked by naloxone, suggesting 
that the placebo-activated endogenous opioid systems 
have a precise and somatotopic organization, probably 
at the central level.21

A common observation in all these studies is that the 
naloxone dose necessary to block placebo analgesia is as 
large as 10 mg, which suggests the involvement of dif-
ferent classes of opioid receptors, like the MOR, DOR 
and KOR. In fact, the binding affinity of naloxone for the 
DOR and KOR receptors is about 10–15 times lower than 
for the MOR receptors, thus large doses are supposed to 
involve DOR and KOR receptors as well.

In 2002, Petrovic et al22 found that some brain regions 
in the cerebral cortex and in the brainstem are affected 
by both a placebo and the rapidly acting opioid ago-
nist remifentanil, thus indicating a related mechanism 
of placebo-induced and opioid-induced analgesia. In 
particular, the administration of a placebo induced the 
activation of the rostral anterior cingulate cortex and the 
orbitofrontal cortex. Moreover, there was a significant 
covariation in activity between the rostral anterior cingu-
late cortex and the lower pons/medulla, and a subsignif-
icant covariation between the rostral anterior cingulate 
cortex and the periaqueductal gray, thus suggesting that 
the descending rostral anterior cingulate/periaqueduc-
tal gray/rostral ventromedial medulla pain-modulating 
circuit is involved in placebo analgesia, as previously 
hypothesized by Fields and Price.23

In 2005, the first direct evidence of opioid-mediated 
placebo analgesia was published.24 By using in vivo 
receptor-binding techniques with the radiotracer 
carfentanil, a MOR agonist, it was shown that a pla-
cebo procedure activates MOR neurotransmission in 
the dorsolateral prefrontal cortex, the anterior cingu-
late cortex, the insula, and the nucleus accumbens. A 
more detailed account of MOR neurotransmission after 

placebo administration was carried out in another study 
which used noxious thermal stimulation.25 In these stud-
ies, placebos affected opioid activity in a number of pre-
dicted opioid-rich regions that play central roles in pain, 
including periaqueductal gray, dorsal raphe and nucleus 
cuneiformis, amygdala, orbitofrontal cortex, insula, 
rostral anterior cingulate, and lateral prefrontal cortex. 
Connectivity analyses revealed that placebo treatment 
increased connectivity between the periaqueductal gray 
and the rostral anterior cingulate cortex.26

The pharmacologic approach with opioid antago-
nists, such as naloxone,9,18,26,27 and with CCK antago-
nists, such as proglumide,15,16,28,29 has been crucial over 
the past years to understand the neurobiology of placebo 
analgesia. With a similar approach, Benedetti and collab-
orators used a CCK-2 receptor agonist, pentagastrin, in 
order to investigate how CCK hyperactivity affects the 
placebo analgesic response in the experimental model of 
ischemic arm pain.30 In this study, placebo analgesia was 
tested after morphine preconditioning, which is known 
to be mediated by endogenous opioids.18,27 As hypoth-
esized, the activation of CCK-2 receptors by means of 
pentagastrin completely abolished placebo analgesia.

Therefore, a change in the balance between opioids 
and CCK, which seems to be crucial in several condi-
tions,31,32 may influence placebo analgesia in opposite 
directions, depending on the activity of these two neu-
rotransmitters: when CCK activity outweighs opioid 
activity, placebo analgesia is reduced, while the opposite 
situation leads to increased placebo analgesic responses.

These effects have also been studied in mice by Guo 
et al.33 On the basis of Amanzio and Benedetti’s experi-
ments,18 these researchers used the hot-plate test in an 
attempt to measure the reaction time of mice to nocicep-
tive stimulus (hot plate) after different types of phar-
macologic conditioning. This was performed by the 
combination of the conditioned cue stimulus with the 
unconditioned drug stimulus, either the opioid mor-
phine or the nonopioid aspirin. If mice were conditioned 
with morphine, placebo analgesia was completely antag-
onized by naloxone, whereas if mice were conditioned 
with aspirin, placebo analgesia was naloxone-insensitive. 
These findings show that, also in mice, the mechanisms 
underlying placebo analgesia include both opiod and 
nonopioid components and may depend on the previous 
exposure to different pharmacologic agents.

ENDOCANNABINOIDS ARE INVOLVED 
IN SOME TYPES OF PLACEBO 

ANALGESIA

From the previous studies it is clear that the endog-
enous opioid systems are not the only mechanisms 
involved in placebo analgesia. When a nonopioid 
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drug is administered for a few days in a row, and then 
replaced with a placebo, the placebo analgesic response 
is not reversed by naloxone, which suggests that specific 
pharmacologic mechanisms are involved in a learned 
placebo response, depending on the prior exposure to 
opioid or nonopioid substances.18,33 Another placebo 
analgesic effect that is not mediated by opioids has been 
described in irritable bowel syndrome patients, indicat-
ing that in different medical conditions, and in different 
circumstances, other systems may be recruited.34

There is today accumulating evidence that nonsteroi-
dal anti-inflammatory drugs (NSAIDs), such as ketorolac 
and aspirin, have effects that go well beyond the inhibi-
tion of cyclooxygenase and prostaglandin synthesis. In 
fact, NSAIDs have been found to interact with endocan-
nabinoids, a class of lipid mediators, both in vivo and 
in vitro,35,36 and cyclooxygenase-2 has been shown to 
utilize endocannabinoids as substrates.37 Therefore, the 
endocannabinoid system may play a pivotal role in both 
the therapeutic and adverse effects of NSAIDs38 as well 
as in NSAID-induced placebo responses.18,33

On the basis of all these considerations, Benedetti and 
 collaborators39 induced opioid or nonopioid  placebo 
 analgesic responses and assessed the effects of the 
CB1 receptor antagonist rimonabant. Unlike  naloxone, 
rimonabant had no effect on opioid-induced placebo 
analgesia following morphine  preconditioning, whereas 
it completely blocked placebo analgesia  following 
 nonopioid preconditioning with ketorolac. These  findings 
indicate that those placebo analgesic responses that are 
elicited by conditioning with NSAIDs are  mediated by 
CB1 cannabinoid receptors.

Although the site where the CB1 receptors are acti-
vated cannot be established, recent in vivo studies in 
baboons40 and humans41 indicate that CB1 receptors are 
abundant in the basal ganglia, for example in the stria-
tum, which has been found to have a key role in the pla-
cebo response. In fact, the nucleus accumbens, a part of 
the ventral striatum which belongs to the dopaminergic 
reward system, is activated after placebo administra-
tion.42,43 Therefore, a key question for future research 
will be to understand where in the brain the endocan-
nabinoids are activated during placebo analgesia and 
how they possibly interact with other systems such as 
the opioid network.

NOCEBO HYPERALGESIA IS MEDIATED 
BY CHOLECYSTOKININ

Compared with placebo analgesia, much less is 
known about nocebo hyperalgesia, mainly due to ethi-
cal constraints. In fact, whereas the induction of placebo 
responses is acceptable in many circumstances,44 the 
induction of nocebo responses represents a stressful and 

anxiogenic procedure, for an inert treatment has to be 
given along with negative verbal suggestions of pain 
increase.

In 1997, a trial in postoperative patients was run 
with the CCK antagonist proglumide.28 This consisted 
of a post-surgical manipulation that induced expecta-
tions of pain worsening. It was found that proglumide 
prevented nocebo hyperalgesia in a dose-dependent 
manner, even though it is not a specific painkiller, 
thus suggesting that the nocebo hyperalgesic effect is 
mediated by CCK. This effect was not antagonized by  
naloxone. A dose of proglumide as low as 0.05 mg was 
totally ineffective, whereas a dose increase to 0.5 and  
5 mg proved to be effective. As CCK is also involved in 
anxiety mechanisms, it was hypothesized that proglu-
mide affects anticipatory anxiety.1,28 However, due to 
ethical limitations in these patients, these effects were 
not investigated further.

In order to better understand the mechanisms under-
lying nocebo hyperalgesia and to overcome the ethical 
constraints that are inherent in the clinical approach, a 
similar procedure was used in healthy volunteers by 
inducing experimental pain.29 The oral administration 
of an inert substance, along with verbal suggestions of 
hyperalgesia, was found to induce both hyperalgesia 
and hyperactivity of the hypothalamic–pituitary– adrenal 
axis, as assessed by means of adrenocorticotropic hor-
mone (ACTH) and cortisol plasma concentrations. 
Both nocebo-induced hyperalgesia and hypothalamic– 
pituitary–adrenal hyperactivity were blocked by the 
benzodiazepine diazepam, which suggests the involve-
ment of anxiety mechanisms. By contrast, administration 
of the mixed CCK-1/2 receptor antagonist proglumide 
blocked nocebo hyperalgesia completely, but had no 
effect on the hypothalamic–pituitary–adrenal hyperac-
tivity, thus suggesting a specific involvement of CCK in 
the hyperalgesic but not in the anxiety component of the 
nocebo effect. Interestingly, both diazepam and proglu-
mide did not show analgesic properties on baseline pain, 
as they acted only on the nocebo-induced pain increase. 
These data suggest that a close relationship between 
anxiety and nocebo hyperalgesia exists, but they also 
indicate that proglumide does not act by blocking antici-
patory anxiety, as previously hypothesized,1,28 but rather 
it interrupts a CCKergic link between anxiety and pain. 
Therefore, unlike the anxiolytic action of diazepam, 
proglumide blocks a CCKergic pro-nociceptive system 
which is activated by anxiety and is responsible for  
anxiety-induced hyperalgesia. Support for this view 
comes from a study that used a social-defeat model of 
anxiety in rats, in which CI-988, a selective CCK-2 receptor 
antagonist, prevented anxiety-induced hyperalgesia.45

Nocebo hyperalgesia is thus an interesting model to 
better understand when and how the endogenous pro-
nociceptive systems are activated. The pro-nociceptive 
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and anti-opioid action of CCK has been documented 
in many brain regions,46–49 and CCK has been shown 
to reverse opioid analgesia by acting at the level of the 
rostral ventromedial medulla50,51 and to activate pain- 
facilitating neurons within the same region.52 The simi-
larity of the pain-facilitating action of CCK, both on 
brainstem neurons in animals and on nocebo mecha-
nisms in humans, is an interesting point that deserves 
further investigation.

It is worth pointing out that the discrepancy between 
anxiety-induced hyperalgesia and stress-induced anal-
gesia may be only apparent. In fact, stress is known to 
induce analgesia in a variety of situations, in both ani-
mals and humans. Indeed, when we are under stress, the 
threshold of pain is increased. However, the nature of the 
stressor is likely to play a central role. In fact, whereas 
hyperalgesia may occur when the anticipatory anxiety 
is about the pain itself,29,53–55 analgesia may occur when 
anxiety is about a stressor that shifts the attention from 
the pain.56–58 We should therefore use these two defini-
tions, being aware that they may be different aspects 
of the same process.59 In the case of anxiety-induced 
hyperalgesia, we are talking about anticipation of pain, 
in which attention is focused on the impending pain. We 
have seen that the biochemical link between this antici-
patory anxiety and the pain increase is represented by the 
CCKergic systems. Conversely, we should refer to stress-
induced analgesia whenever a general state of arousal 
stems from a stressful situation in the environment, 
so that attention is now focused on the environmental 
stressor. In this case, there is experimental evidence that 
analgesia results from the activation of the endogenous 
opioid systems.56,57

CONCLUSIONS

Considerable progress has been made in our under-
standing of the neurobiologic mechanisms of the pla-
cebo effect, and most of our knowledge originates from 
the field of pain and analgesia. Today, it is well estab-
lished that different endogenous neuronal networks are 
responsible for the modulation of pain by placebos and 
nocebos. These include opioid, cannabinoid and CCK 
systems. By using new experimental designs and tech-
niques, such as in vivo receptor binding, recording from 
neurons in awake humans, and a combination of imag-
ing and electrophysiologic techniques, a future challenge 
will be to understand the interaction between a complex 
mental activity, like expectation of a future event, and 
all these neurochemical systems, and this approach will 
allow us to better describe the intricate connections 
between mind, brain and body.

However, many questions still remain unanswered. 
For example, we need to know where, when, and how 

placebos work across different diseases and therapeu-
tic interventions, and we also need to test the effects 
of pharmacologic conditioning not only for painkill-
ers but also for other classes of drug as well, such as 
immunosuppressive and hormone-stimulating agents. 
Another issue that requires further clarification is why 
some subjects respond to placebos whereas other sub-
jects do not, a critical point that is likely to be clarified 
by pursuing further research into both learning and the 
genetics of neurotransmitters such as opioids, cannabi-
noids and CCK.
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INTRODUCTION

Behavioral context can modulate neuronal activity in 
nociceptive and non-nociceptive somatosensory path-
ways.1,2 Placebo analgesia is one of the most striking 
examples of the cognitive modulation of pain percep-
tion. It represents a situation where the administration 
of an ineffective substance produces an analgesic effect 
when the subject is convinced that the substance is a 
potent painkiller. It is not surprising then that a con-
siderable effort has been committed over the last three 
decades to the study of mechanisms that may account 
for placebo-induced analgesic effects. The neural basis 
of placebo analgesia was first established by Levine 
et al,3 who discovered that the placebo response could 
be blocked by the opioid receptor antagonist naloxone. 
This indicates the involvement of the endogenous opioid 
system. Following this finding, complex experimental 
designs have elucidated several components underlying 
the placebo analgesic response, and other studies have 
subsequently confirmed this exciting and provocative 
hypothesis.4–7 Significant placebo-induced activation of 
μ-opioid receptor-mediated neurotransmission has been 
directly observed in higher-order and subcortical brain 
regions.8

Fields and Levine9 were the first to hypothesize that 
placebo response may be subdivided into opioid and 
nonopioid components. In particular, they suggested 
that different physical, physiologic, and environmental 
situations could affect the endogenous opioid system 
differently. This concept was further supported by the 
finding that the placebo effect was not always mediated 
by endogenous opioids.10 Thus, the conditions neces-
sary for the activation of opioid systems needed to be 
identified. This problem was addressed by Amanzio and 
Benedetti,11 who showed that expectation or a condition-
ing procedure is capable of activating different types of 
placebo analgesia.

A likely candidate for the mediation of placebo-
induced analgesia is the opioid-related neuronal net-
work in the brain.12 This hypothesis was supported 
by a recent brain-imaging study in which the authors 
found that the very same brain regions in the cerebral 
cortex and brainstem could be affected by either a pla-
cebo or the rapidly acting opioid agonist remifentanil, 
thus indicating a related mechanism in placebo- and 
opioid-induced analgesia.13 The direct demonstration 
of placebo-induced release of endogenous opioids was 
obtained using in vivo receptor binding with positron 
emission tomography by Wager et al14 and Scott et al.15 
Although neurochemical mechanisms have not yet been 
identified in nonopioid-meditated placebo, the possible 
involvement of some neurotransmitters has been shown 
in some conditions. For instance, a specific CB1 cannabi-
noid receptor antagonist could block nonopioid placebo 
analgesic responses but has no effect on opioid placebo 
responses. These findings suggest that the endocan-
nabinoid system has a pivotal role in placebo analgesia 
in some circumstances when the opioid system is not 
involved.16,17

THE PLACEBO EFFECT IN ANIMALS

The placebo effect has been a topic of interest in sci-
entific and clinical communities for many years, and our 
knowledge of the mechanisms of the placebo effect has 
been advanced considerably by human studies. How-
ever, animal models have been given less attention, and 
they have provided less information on this subject. For 
the nonverbal animal, associative learning is consid-
ered to play a key role in the placebo effect. Originally 
demonstrated by Pavlov18 with animals, associative 
learning was considered essentially as a pairing of two 
stimuli. One, initially neutral in that, by itself, it elicits 
no response, is called the conditioned stimulus (CS); 
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the other, which consistently elicits a response, is called 
the unconditioned stimulus (US). The response elicited 
by the pairing of the CS and the US is called the condi-
tioned response (CR). The formation of CRs may be due 
to repeated association of the CSs with active medica-
tion, the USs. Pairing placebos with effective medication, 
followed by administering placebos without the medica-
tion, can produce a CR that is similar to the response to 
medication.19

Pavlov and others reported the conditioning of some 
of the effects of morphine on animals.18,20 Dogs were 
given subcutaneous doses of morphine sulfate daily. A 
small amount of morphine produces salivation in the 
dog and usually produces emesis and sleep. After seven 
or eight daily administrations of morphine, these dogs 
salivated profusely, and a few even vomited or slept 
while the experimenter was preparing the dogs for an 
injection. Presumably, events associated with the admin-
istration of morphine become the conditioned stimuli for 
some of the reactions that are characteristically induced 
by the drug. The parallel to the placebo effect is clear, 
but research has been restricted to morphine, and there 
have not been enough controls to exclude other interpre-
tations. Herrnstein21 showed that saline injections mimic 
the effect of scopolamine hydrobromide (disrupting the 
learned behavior) in rats. In their schedule, a rat was 
placed daily in a chamber that was insulated for light 
and sound and contained a lever and a feeding device. 
The rat was hungry and was trained to depress the lever 
by reinforcement with sweetened condensed milk. After 
4 months training, the schedule of reinforcement had 
established a characteristic pattern of responding, one 
whose primary feature is that, at the beginning of each 
cycle, there is little or no pressing of the lever, whereas, 
as the time for reinforcement approaches, the rate of 
lever-pressing increases continuously but quite gradu-
ally. The effect of scopolamine on this behavior is to 
depress the overall frequency of response and to abolish 
the orderly progression of the rat. At this time, there was 
no detectable effect on behavior of the saline administra-
tions. The results showed that physiologic saline could 
mimic the effect of scopolamine hydrobromide to some 
extent when the two substances were alternately admin-
istered in a series of injections. This might be the first 
study to mention the placebo effect in animals using the 
 Pavlovian conditioning procedure.

The research of Sherman and Schnitzer22 further sup-
ported a placebo effect in the rat. In their study, rats were 
assigned randomly to a drug-run (DR), drug-not-run 
(DNR), or untreated-run (UR) group. Both the DR and 
DNR groups were given d-amphetamine sulfate in the 
first week of testing. The DR group was placed in the 
apparatus and activity was measured for 45 minutes 
immediately after drug injection. The DNR group was 
returned to the home cages after drug injection. The UR 

group was subjected to 45 minutes activity testing after 
a saline injection. One week later all groups received the 
untreated-run treatment. The DR group yielded signifi-
cantly more locomotion than did the UR group, while 
there was no difference between the DNR group and 
the UR group. These results confirm the findings that a 
single administration of a drug may have consequences 
for later behavior over and above any direct actions of 
the drug; this apparent placebo effect might represent a 
conditioned response.

Pihl and Altman23 investigated whether the number of 
pairings between the active substance and introduction 
into an experimental chamber affects the placebo effect in 
rats. The experiment was run in three phases: a baseline 
phase, a drug phase, and a post-drug phase. In the base-
line phase, all animals were placed in the experimental 
chamber after administration of 0.1 mL saline (i.p.); these 
animals received 10 1-hour trials in this baseline phase. In 
the drug phase, the animals were randomly divided into 
four groups. Groups differed according to the number of 
trials they received (put into the chamber after injection 
of d-amphetamine sulfate solution). The three placebo 
groups received 3, 9 and 15 trials, respectively. A control 
group received 15 trials (administered with saline). All 
animals were put into the chamber after drug or saline 
injection. In the post-drug phase, all groups received 
saline injection prior to 15 trials. The results of the post-
drug phase showed that the 15-trials group was sig-
nificantly different from the 3- trials group and from the 
control group, while the 9-trials group was significantly 
different from the 3-trials group. These data suggested 
that the intensity of the placebo response is related to 
the number of pairings between the active drug and the 
 circumstances under which the drug is presented. Mean-
while, a recent study also demonstrated that the number 
of trials increases the magnitude of placebo responses in 
humans.24

Regarding immunomodulatory placebo effects, it has 
been reported that peripheral antigenic stimulation can 
work as a US, and thus can be associated with a spe-
cific external stimulus (CS = placebo). Metalnikov and 
Chorine are generally credited with having conducted 
the first studies on behaviorally conditioned immune 
effects.25 However, the famous study on conditioned 
immunosuppression was published by Ader and Cohe.26 
In their experiment, an illness-induced taste aversion 
was conditioned in rats by pairing saccharin with cyclo-
phosphamide, an immunosuppressive agent. Three 
days after conditioning, all animals were injected with 
sheep erythrocytes. Hemagglutinating antibody titers 
measured 6 days after antigen administration were high 
in placebo-treated rats. High titers were also observed 
in nonconditioned animals and in conditioned animals 
that were not subsequently exposed to saccharin. No 
agglutinating antibody was detected in conditioned 
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animals treated with cyclophosphamide at the time of 
antigen administration. Conditioned animals exposed 
to saccharin at the time of, or following, the injection 
of antigen were significantly immunosuppressed. An  
illness-induced taste aversion was also conditioned 
using lithium chloride (LiCl), a nonimmunosuppressive 
agent. In this instance, however, there was no attenua-
tion of hemagglutinating antibody titers in response to 
injection with antigen. This was formally the beginning 
of psychoneuroimmunology as a modern discipline. To 
date, a number of innate and adaptive immune responses 
have been shown to be modulated by behavioral condi-
tioning protocols, in which conditioned immunomodu-
lating responses could be conceptualized as placebo 
effects.27–30

Many CRs can be learned with a single trial, as in 
fear conditioning and taste-aversion learning, which 
is another kind of placebo effect (nocebo effect) such 
as Pavlovian fear conditioning. Pavlovian fear con-
ditioning has become part of the standard arsenal of 
behavioral tasks used to interrogate the mnemonic 
capacities of rats and mice.31 In fear conditioning, 
neutral stimuli (conditional stimuli or CSs) such as 
tones, lights, or places (contexts) are arranged to pre-
dict aversive outcomes such as footshock (an uncondi-
tional stimulus or US). After conditioning, CSs come 
to evoke learned fear responses (conditional responses 
or CRs) such as conditioned suppression, freezing and 
tachycardia.32 Rodent models of aversive conditioning 
would become one of the most ubiquitous behavioral 
paradigms to explore the neural substrates of learn-
ing and memory.33 This placebo effect is beyond the 
focus of the present topic, therefore we just mention 
it briefly.

STUDYING PLACEBO ANALGESIA IN 
ANIMAL MODELS

Study of the placebo effect has yielded its most fruit-
ful results in the field of pain research. An opioid neu-
ronal network in the cerebral cortex and the brainstem 
was found to mediate placebo-induced analgesia.34,35 
This opioid network belongs to a descending pain- 
modulating pathway that, either directly or indirectly, 
connects the cerebral cortex to the brainstem.36 However, 
to date, there have been few studies of placebo analge-
sia in animal models. Guo et al37 first evoked opioid and 
nonopioid placebo responses in mice that were either 
naloxone-reversible or naloxone-insensitive, depend-
ing on the drug used in the conditioning procedure. 
This procedure in mice may serve as a model for fur-
ther understanding of the opioid and nonopioid mecha-
nisms underlying placebo responses. Furthermore, the 
established placebo analgesia was considered to be 

transferable from pain to depression and could produce 
a significant antidepressant effect in a test on depression 
in mice. With this animal model of the placebo response 
after morphine preconditioning, the opioid placebo 
analgesia was found to be mediated exclusively through 
a μ-opioid receptor in the rat.

DISSECTION OF PLACEBO ANALGESIA 
IN MICE

Amanzio and Benedetti11 have investigated the mech-
anisms underlying the activation of endogenous opioids 
in placebo analgesia. Their findings show that the cog-
nitive factors and conditioning are balanced in different 
ways in placebo analgesia, and this balance is crucial for 
the activation of opioid or nonopioid systems. Expecta-
tion triggers endogenous opioids, whereas conditioning 
activates specific subsystems. In fact, if conditioning is 
performed with opioids, placebo analgesia is medi-
ated via opioid receptors; if conditioning is performed 
with nonopioid drugs, other nonopioid mechanisms 
are found to be involved. On the basis of Amanzio and 
Benedetti’s experiments11 and previous animal work on 
placebo responses, the animal model of placebo analge-
sia was established in these studies. This animal model 
might also help to discover whether placebo analgesia is 
divided into opioid and nonopioid components in mice, 
in an attempt to clarify the mechanism of activation of 
opioid and nonopioid responses.37

Figure 3.1 shows the animal training procedure of Guo 
et al37 that was performed with 4 days of drug condition-
ing. Female imprinting control region (ICR) mice weigh-
ing 18–22 g at the start of the experiment were used. The 
hot-plate test was used to measure response latencies 
according to the method described by Hargraves and 
Hentall.38 The reason for using the hot plate test was 
that the supraspinal mechanism was considered to be 
involved in this pain model.39 By contrast, some nocicep-
tive tests, such as the tail-flick test, are spinal reflexes, as 
they persist after section or cold block of upper parts of 
the spinal cord.40,41

As animals received saline treatment and a 30-minute 
exposure to the cue compartment after morphine condi-
tioning, pain tolerance was significantly elevated com-
pared with the control level, indicating that the previous 
morphine conditioning was sufficient to evoke a placebo 
effect. However, if naloxone was administered after mor-
phine conditioning, paw latency was not increased. The 
same procedures described above were repeated with 
the nonopioid aspirin conditioning. Interestingly, similar 
placebo responses were acquired, except that pretreat-
ment with naloxone cannot block the conditioned anal-
gesic response established by prior conditioning with 
the nonopioid aspirin.
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This research suggested that mice can learn to asso-
ciate the context cue with elevated pain tolerance via a 
set of procedures. After mice were given 4 days of drug 
conditioning with the conditioned cue stimulus (i.e. the 
chamber) and the unconditioned drug stimulus (mor-
phine or aspirin), saline injection with the contextual cue 
could produce placebo analgesia at day 5. Moreover, as 
a placebo response can be subdivided into opioid and 
nonopioid components in humans, it is also divided into 
opioid and nonopioid components in mice, depending 
on the analgesics used during the training procedure; 
morphine conditioning produced a placebo response 
that was completely antagonized by naloxone. By con-
trast, aspirin conditioning elicited a placebo effect that 
was not blocked by naloxone. This indicates that placebo 
analgesia can also be dissected into opioid and nonopi-
oid components in mice.

PLACEBO ANALGESIA AFFECTS THE 
BEHAVIORAL DESPAIR TESTS IN MICE

An abundance of neuroimaging studies has revealed 
the brain basis of placebo effects on pain and emotion 
regulation.42–44 However, in these studies the investiga-
tors focused only on the placebo effect obtained within 
a single domain. That is, they either studied the anal-
gesic effect of a pain-alleviating expectation45–47 or the 
ataractic effect of an anxiety-reducing expectation.42 
For a given placebo effect such as the analgesic effect, 
however, its effective scope might be more general than 
 pain-alleviating. Recent studies in Luo’s laboratory48,49 
showed that the placebo effect in humans can be trans-
ferred from one domain to the other, namely from pain to 
emotion. A significant transferable placebo effect that alle-
viated negative feelings was observed. EEG recordings 

FIGURE 3.1 Experimental paradigm used in the study to identify the opioid and nonopioid components of placebo analgesia in mice.  Below 
each group the experimental condition is specified. Abbreviations: NO, no treatments; Sa, saline; Na, naloxone; AS, aspirin; MO, morphine.  
Modified from Guo et al.37
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showed that the transferable placebo treatment which 
was induced decreased P2 amplitude and increased N2 
amplitude, with source location near the posterior cin-
gulate, and fMRI results indicated that this transferable 
placebo treatment, relative to the control condition, was 
associated with reduced activity in the amygdala and 
insula and increased activity in the subgenual anterior 
cingulate cortex known to be important in emotional 
regulation. Therefore, this study was performed to test 
whether placebo effect could be transferred from pain 
(placebo analgesia) to the other domain (e.g. depressive-
like behaviors) in placebo-analgesic mice.50

The tail suspension test (TST) and the forced swim-
ming test (FST) are two widely accepted behavioral 
models for assessing pharmacologic antidepressant 
activity,51–53 and it is well known that antidepressant 
drugs are able to reduce the immobility time in rodents.54 
Thus the antidepressant effect of placebo analgesia was 
tested with the TST and the FST. The animal model of 
placebo response after morphine preconditioning was 
established as described in Figure 3.1. To compare the 
antidepressant-like effect of placebo analgesia, this study 

included a group of animals that received treatment 
with clomipramine hydrochloride (1, 5 or 50 mg.kg−1). 
Placebo analgesia induced a decrease in immobility (i.e. 
antidepressant-like effect) that was significantly differ-
ent from that shown by the control group. Moreover, the 
placebo analgesia produced a more pronounced antide-
pressant-like effect than that achieved with 1 mg.kg−1  
clomipramine, but comparable to that produced by the 
5 mg.kg−1 dose of clomipramine. Similar results were 
also obtained in the FST; placebo analgesia significantly 
decreased the FST-induced immobility time in mice. 
Comparison of the antidepressant-like actions of placebo 
analgesia with this effect induced by clomipramine also 
showed that placebo analgesia produced a more pro-
nounced antidepressant-like effect than that achieved 
with 1 mg.kg−1 clomipramine, but comparable to that 
produced by the 5 mg.kg−1 dose of clomipramine.

The hypothalamus–pituitary–adrenal axis (HPA) axis 
is a three-gland component of the endocrine system 
that modulates biologic responses to acute and chronic 
stress;55,56 adrenocorticotropic hormone (ACTH) and 
corticosterone are considered as markers of stress.57 

FIGURE 3.2 Morphine- or aspirin-induced placebo effect and its modulation with naloxone. (A) After the procedure of morphine condition-
ing on days 1–4, mice were injected with saline and put into the conditioned cue box for 30 minutes on day 5 at 8 AM. Paw withdrawal latency 
was significantly elevated, which mimics the morphine analgesic response. (B) When an injection of naloxone was delivered before exposure to 
the cue environment after morphine conditioning, the morphine-mimicking effect was completely abolished. (C) After the procedure of aspirin 
conditioning on days 1–4, mice received a saline injection and stayed in the cue chamber on day 5 at 8 AM for 30 minutes. Paw withdrawal latency 
was significantly increased, which mimics the aspirin analgesic response. (D) When an injection of naloxone was employed, instead of saline, the 
placebo effect was not affected. ** p < 0.01, * p < 0.05, compared with day 1 AM (control condition). Modified from Guo et al.37
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Plasma concentrations of corticosterone and ACTH 
were also measured in this study. The positive control 
clomipramine significantly reduced the TST-induced 
increase in the plasma concentrations of corticosterone 
and ACTH in a dose-dependent manner. Placebo anal-
gesia also markedly decreased the TST-induced plasma 
concentrations of corticosterone and ACTH compared 
with control group. Similar results were also obtained in 
the FST study.

This study confirmed previous observations that mice 
can learn to associate the context cue with elevated pain 
tolerance via a set of procedures. The placebo analgesia, 
which was established by a set of procedures in mice, 
was transferable and could produce a significant anti-
depressant effect in a test on depression. Plasma levels 
of corticosterone and ACTH further proved that the pla-
cebo analgesia that was established from pain-reducing 
training not only induced a significant placebo effect on 
pain, but also significantly decreased the HPA response 
to stress and produced a stress-alleviating effect. The 
immobility time of placebo-analgesia mice in the TST and  
FST was comparable to that produced by the 5 mg.kg−1 
dose of clomipramine hydrochloride.

THE OPIOID RECEPTORS INVOLVED IN 
THE PLACEBO RESPONSE IN RATS

Recent neuroimaging data point towards the rACC 
as a crucial cortical region involved in placebo anal-
gesia, and the rACC yielded increased activity dur-
ing both placebo and opioid analgesia.13 Wager et al43 
found changed activity in pain-sensitive regions such 
as rACC when comparing the response to noxious stim-
uli applied to control and placebo cream-treated areas 
of the skin. In a recent functional magnetic resonance 
imaging (fMRI) study investigating the activation of the 
opioidergic descending pain control system in placebo 
analgesia, Eippert et al58 have also found that the rACC 
was an important pain-modulatory cortical structure 
in behavioral and neural placebo effects as well as in 
 placebo-induced responses.

With a μ-opioid-receptor-selective radiotracer, Zubieta 
et al8 showed that significant placebo-induced activa-
tion of μ-opioid receptor-mediated neurotransmission 
was observed in both higher-order and subcortical brain 
regions. Regional activations were paralleled by lower 
ratings of pain intensity and reductions in its sensory 
and affective qualities. Wager et al14 have demonstrated 
that the administration of a placebo with implied anal-
gesic properties regionally activates a pain- and stress-
inhibitory neurotransmitter system, the endogenous 
opioid system, through direct effects on the μ-opioid 
receptors. Besides, the activation of the μ-opioid receptor 
system is associated with reductions in the sensory and 

affective ratings of the pain experience. In addition, Scott 
et al15 reported that regional μ-opioid activity was asso-
ciated with the anticipated and subjectively perceived 
effectiveness of the placebo and reductions in continu-
ous pain ratings. However, to date, it remains unclear 
whether delta- or kappa-opioid receptors are involved 
in the placebo analgesia. Very recently, Zhang et al59 con-
ducted an experiment to investigate whether delta- or 
kappa-opioid receptors are involved and whether rACC 
is the key brain structure in placebo analgesia.

The animal training procedure was performed as 
described above. To test whether rACC is the key brain 
region involved in placebo analgesia, placebo rats were 
given intra-rACC injections with naloxone (three doses, 
1, 3, 10 μg per rat) 30 minutes before the hot-plate tests. 
Then, to test whether a μ-, δ- or κ-opioid receptor is 
involved in the placebo analgesia, these rats were given 
(before the hot-plate tests) an intra-rACC injection with 
D-Phe-Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH2 (CTOP), a  
selective μ-opioid receptor antagonist, or naltrindole 
(NTI), a highly selective δ-opioid receptor antagonist, 
or nor-binaltorphimine (nor-BNI), a highly selective 
κ-opioid receptor antagonist.

After the rats had undergone the placebo analge-
sia training for 4 days, saline treatment on day 5, and 
a 30-minute exposure to the cue compartment, pain tol-
erance was significantly elevated compared with day 1, 
indicating that the previous morphine conditioning was 
sufficient to evoke a placebo effect in rats. Microinjec-
tion of naloxone produced a dose-related inhibition on 
the paw withdraw latency. All three doses of naloxone 
reduced the pain threshold. Moreover, drug injection 
outside rACC did not alter the pain latency. Further-
more, CTOP dose-dependently inhibited the placebo 
analgesia. However, neither nor-NBI nor NTI affected 
the placebo analgesia in rats.

Consistent with previous research in humans, this 
study also showed that rACC plays a key role in opioid 
placebo analgesia. Moreover, the opioid placebo analge-
sia was blocked by microinjection of CTOP into rACC, 
a selective μ-opioid receptor antagonist, but not by the 
δ- or κ-opioid receptor antagonists, NTI and nor-BNI, 
respectively, indicating that the opioid placebo analge-
sia is mediated exclusively through μ-opioid receptors 
in the rat.

THE PROS AND CONS OF STUDYING 
PLACEBO IN THE ANIMAL MODEL

The placebo effect has been a topic of interest in sci-
entific and clinical communities for many years, and our 
knowledge of the mechanisms of the placebo effect has 
advanced considerably within the past decade. A sig-
nificant proportion of the research has occurred in the 
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fields of pain and analgesia, and the placebo analgesic 
response appears to be the best-understood model of 
placebo mechanisms. The placebo animal model refers 
to induction of a placebo response in a nonhuman ani-
mal; the psychologic process might be similar to that 
in humans. A placebo analgesic effect can be fostered 
by exposure to environmental cues prior to an effective 
analgesic treatment and contextual cues associated with 
such treatment. This evidence for the role of associative 
learning in placebo analgesia suggests the potential use 
of animal models for studying this phenomenon. Here, 
we discuss the pros and cons of studying placebo in the 
animal model.

The Pros of Studying Placebo in the Animal Model

As it is difficult to conduct invasive placebo experi-
ments in human subjects, the biologic mechanisms of 
opioid and nonopioid placebo responses remain largely 
unknown. The use of a placebo animal model allows 
researchers to investigate processes in ways that would be 
inadmissible in a human subject, performing procedures 
on the nonhuman animal that imply a level of harm that 
would not be considered ethical to inflict on a human. 
Therefore, the use of animal models will help us to better 
understand the placebo effect at the level of neural mech-
anisms, as well as the genetic bases. For example, the 
μ-opioid system has been found to be implicated in the 
regulation of placebo analgesia in humans.14,60 However, 
so far, whether other opioid receptors are involved in the 
placebo analgesia remains unclear. After rats had under-
gone the placebo analgesia training for 4 days, they were 
microinjected into the rACC with mu-, delta- or kappa-
opioid receptor antagonists before the hot-plate tests. We 
first showed that opioid placebo analgesia is mediated 
exclusively through μ-opioid receptors in the rat.

The most important factor in the direct causes of the 
placebo effect is that the stimulus features of the pla-
cebo ‘object’ are totally arbitrary and depend on the 
idiosyncrasies of past experience, cultural meaning, and 
the social context in which they occur. For example, if a 
patient learns from experience that intravenous analge-
sics given by a man in a blue scrub suit are generally more 
powerful than over-the-counter oral analgesics, then an 
intravenous placebo would likely become more effective 
than an oral placebo for that specific patient. For another 
individual in another therapeutic setting in another cul-
ture, a woman in feathers applying a leaf poultice might 
be more effective than a western-trained physician giv-
ing intravenous saline. Furthermore, most adults have 
had previous exposures to clinical experiences such as 
taking oral analgesics (opioid or non-opioid drugs). 
Therefore, although Amanzio and Benedetti11 showed 
that expectation triggers endogenous opioids, condi-
tioning activates specific subsystems. If conditioning is 

performed with opioids, placebo analgesia is mediated 
via opioid receptors; if conditioning is performed with 
nonopioid drugs, other nonopioid mechanisms might 
be involved. However, they cannot preclude a previous 
conditioning in their experimental subjects. Thus, clear 
separation of conditioning from other aspects of the pla-
cebo response in human experiments is difficult. Use of 
the animal model for studying the placebo response can 
overcome the individual experience, culture and social 
context. As the mice had never been exposed to either 
opioids or nonopioids in their previous experience, 
the results should be more convincing for a placebo 
response.37

The equipment required for placebo animal training 
can be readily scaled to condition several animals simul-
taneously. The placebo analgesia model requires nothing 
more than standard rodent conditioning chambers with 
grid floors and light. The animal training procedures for 
determining the strength of the response can be manipu-
lated experimentally. These simple procedures can pro-
duce robust learning, as the contextual cue produces 
significant analgesia. The behavior (e.g. pain) data and 
serum could be easily collected by ordinary research-
ers. Patently, the procedures in this model are simpler 
to explain and carry out compared to cognitive person-
ality views, a fact which increases their applicability. 
In  contrast, it must be used very carefully to perform 
placebo studies in humans. Sophisticated doctors and 
nurses are needed when drugs are to be administered, or 
serum collected, in human subjects.

The Cons of Studying Placebo in the Animal 
Model

Historically, there have been two primary perspec-
tives for approaching the mechanism underlying the 
placebo effect: expectancy theory61–65 and classic con-
ditioning.66–69 Expectancy theory suggests that the 
placebo effect is achieved through an instruction that 
initiates a positive expectation toward the preparation.  
An alternative explanation is the conditioning model, 
which states that the repeated association of a neutral 
stimulus with the pharmacologic effect of the agent 
leads to a conditioned reaction that is similar to the 
original response to the pharmacologic agent and is now 
triggered by the placebo. A previous study showed that 
cognitive expectation cues, drug conditioning, or a com-
bination of both, could evoke different types of placebo 
analgesic responses in humans.11 For the nonverbal ani-
mal, associative learning is considered to play the key 
role in the placebo effect. Experience with active treat-
ments may create conditioned associations between 
treatment context (e.g. an injection) and endogenous 
neurophysiologic responses. Such conditioned responses 
may be unconscious and involuntary, engaging separate 
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neural mechanisms from those involved in expectancy. 
However, conditioning procedures also create expecta-
tions that, in turn, may play a key role in the conditioned 
response.68 There is considerable overlap between 
expectancy and conditioning, because learning is one 
of the major ways that expectancies are formed. Thus, 
 drug-conditioning procedures may also create expecta-
tions; whether the placebo animal model is related to 
expectations or conditioning is unknown. The relative 
contributions of  conditioning and expectancy to place-
bos in the animal are difficult to disentangle. Therefore, 
it is impossible to study different types of placebo effect 
(induced by conditioning or expectancy) in the animal 
model.

In order to be useful, an animal model must be 
similar to the human equivalent in the mechanisms of 
cause and function. It goes without saying that one of 
the most important factors that triggers placebo effect 
is represented by verbal suggestions. Thus, animal 
models are useful models for some components of 
placebo effects but are intrinsically limited as placebo-
effect models because there are no verbally mediated 
placebo changes. In general, for a placebo response to 
occur, it would seem necessary that the patient being 
treated recognizes that there is an intentional effort to 
treat. Animals appear to lack the ability to comprehend 
such intentions (although they may not like a particu-
lar intervention). As such, animals would not be able 
to participate in placebo- generating experiences. So, for 
example, one couldn’t rationally suggest to a rat that a 
particular therapy might help it to get better, or that it 
was beneficial because it was ‘natural’; one presumably 
wouldn’t wax eloquent to a rat that a particular therapy 
might give it a window of hope for recovery. They just 
wouldn’t understand.

The increase in knowledge of the genomes of nonhu-
man primates, and other mammals that are genetically 
close to humans, is allowing the production of geneti-
cally engineered animal tissues, organs and even ani-
mal species which express human diseases, providing 
a more robust model of human diseases in an animal 
model. However, the placebo effect is a very complicated 
psychobiologic phenomenon that can be attributable 
to complex brain networks. For example, many brain 
regions are involved in placebo analgesia in human; 
these regions include the rACC, hypothalamus (HYPO), 
periaqueductal gray (PAG), rostroventromedial medulla 
(RVM), and spinal cord. The dopaminergic reward sys-
tem, in which dopaminergic neurons in the ventral teg-
mental area (VTA) project to the nucleus accumbens 
(NAcc), is also involved.70 In contrast, the nervous sys-
tems of nonmammalian species are much simpler. Fur-
thermore, the rodent species’ phylogenetic root is much 
different from that of humans. These factors might limit 
the use of animals as a placebo model.

CONCLUSION AND FUTURE 
DIRECTIONS

Research on the neurobiology of placebo effects is 
becoming an active and productive area of science with 
the final aim of understanding their healing potential, as 
well as their limitations, and of delineating correct and 
ethical use. The study of placebo effects has yielded its 
most fruitful results in the field of pain and analgesia, 
and the placebo analgesic response appears to be the 
best-understood model of placebo mechanisms.

A placebo analgesic effect can be fostered by expo-
sure to environmental cues prior to an effective analge-
sic treatment and contextual cues associated with such 
treatment. This evidence for the role of associative learn-
ing in placebo analgesia strongly supports the potential 
use of animal models for studying this phenomenon. 
The investigation of placebo responses in animals will 
pave the way for new research to be done on brain 
mechanisms in pain modulation as well as into some of 
the unsolved questions that arise in clinical trials, such 
as pharmacologic conditioning in crossover designs. 
These experiments will also provide the foundation 
for methodologies that would be extremely difficult in 
human studies, such as recording single-neuron activity 
and exploring genetic contributions by using knock-out 
animals.
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INTRODUCTION

Historically, placebo effects have been reported consis-
tently since the emergence of placebo-controlled trials in 
the 18th century, when putatively active treatments were 
for the first time compared against ‘sham’ controls. It was 
already recognized that ‘the passions of the mind [had a 
wonderful and powerful influence] upon the state and dis-
order of the body.’1 In the widely quoted Beecher report of 
clinical trials of analgesic drugs,2 it was noted that place-
bos exerted significant clinical responses in approximately 
30% of patients enrolled in inactive treatment groups  
(Ch 1). Clinically significant placebo-associated improve-
ments can occur in as few as 5% or as many as 65% of 
individuals in randomized, controlled trials (RCTs), 
depending on the disease process under consideration 
and the particular study sample. Other elements fre-
quently unaccounted for have included the effects of the 
natural history of the disease (no-treatment), which can 
spontaneously remit or change in severity in the course 
of the disease without intervention. The presence of other 
cognitive–emotional biases, such as the ‘halo’ effect, 
related to the individual response, to the characteristics 
of the experimenting or treatment team or individual, or 
those induced by the fact that subjects know that they are 
being studied, termed the Hawthorne effect, have to be 
additionally considered in the interpretation of placebo-
related responses, particularly so when subjective or 
simple behavioral measures (e.g. improvement in perfor-
mance) are the primary outcomes.

Considerable effort has been committed to the study 
of mechanisms that may account for placebo-induced 

analgesic effects over the last three decades.3,4 An 
emerging literature has examined the neurobiology 
of placebo effects across a variety of domains, such as 
mood and affective regulation5,6 as well as motor con-
trol in Parkinson’s disease.7,8 However, the neurobiol-
ogy of the placebo effect was born in 1978, when it was 
shown that placebo analgesia could be blocked by the 
opioid receptor antagonist naloxone. This indicated an 
involvement of the endogenous opioid system in the 
production of placebo-induced analgesic effects.9 In 
patients who had undergone oral surgery 2 hours prior, 
naloxone, placebo or morphine were administered with 
the expectation of either pain relief or pain worsening. 
Naloxone was associated with hyperalgesia, showing 
that the stress and/or pain associated with the surgical 
procedure had, by itself, induced the release of endog-
enous opioids. The administration of placebo induced 
a significant reduction in pain ratings in 39% of the 
subjects, which was fully antagonized by naloxone. In 
subsequent studies by the same group, in which hidden 
and machine-driven infusions of placebo and naloxone 
were introduced,10 the effect of naloxone on placebo 
analgesia was confirmed, and estimated to approximate 
that of 8 mg of morphine in that particular experimen-
tal setting. Subsequent studies by Gracely et al11 and 
Grevert et al12 using similar opioid receptor-blocking 
pharmacologic challenges confirmed the existence of 
opioid-mediated placebo analgesia but also described 
a time-dependent, nonopioid component that is not 
reversible by naloxone.

In what has become a classic study of components 
related to the development of placebo analgesic effects, 
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Amanzio and Benedetti13 explored the contribution of 
verbally-induced expectations and conditioning to the 
development of placebo analgesic effects. Utilizing isch-
emic arm pain as an experimental model, it was dem-
onstrated that contextual cues promoting a credible 
expectation of analgesia during placebo administration 
induced analgesic effects that were completely blocked 
by naloxone (i.e. expectation effects were entirely medi-
ated by the activation of opioid mechanisms). Expecta-
tion cues that followed a course of morphine (morphine 
pre-conditioning group) also produced analgesic 
responses that were also fully antagonized by naloxone. 
Naloxone reversibility was also achieved in the absence 
of cues promoting expectation as long as morphine had 
been pre-administered (i.e. the volunteers were receiv-
ing an inactive agent when morphine would normally 
have been administered). However, conditioning with 
the nonsteroidal anti-inflammatory drug, ketorolac, 
paired with additional expectation cues, induced a pla-
cebo anti-nociceptive response that was only partially 
blocked by naloxone, while ketorolac conditioning alone 
produced analgesia that proved to be naloxone insen-
sitive. Overall, these results showed that while purely 
cognitive factors were associated with the activation of 
endogenous opioid systems, conditioning was capable 
of recruiting other mechanisms in support of analgesia 
depending on the conditioning agent. More recently, 
work by the same group showed that conditioning with 
ketorolac was mediated by CB1 receptors, suggesting 
that the endocannabinoid system has a pivotal role in 
placebo analgesia in a conditioning paradigm that is 
not necessarily related to endogenous opioid system 
function.14

These and other observations have led to the propo-
sition of a number of theoretical constructs to explain 
the formation of placebo effects, again most typically 
studied in the context of analgesic responses to pain.  
All these constructs hinge upon elements of higher 
order processing involving cognitive and emotional 
circuits, known to modulate the experience of pain. (A) 
Verbally-induced expectations of relief, whereby cog-
nitive assessments and beliefs of analgesia trigger the 
placebo effects.15,16 (B) Anxiety relief, where placebo 
administration elicits analgesia through reductions 
in the anxiety experienced by the subjects.17,18 (C) The 
conditioning hypothesis emphasizes the engagement of 
learned responses through previous exposures to active 
treatments.19–22 (D) The so-called response appropri-
ate sensations hypothesis further states that pain and 
analgesia are experienced after a complex, preconscious 
assessment of sensory and internal stimuli. Pain experi-
ence or pain suppression are then engaged as a process 
of adaptation to environmental circumstances.23

A number of studies have now shown the involve-
ment of distinct brain structures in responses to cognitive 

manipulation. Hypnotic suggestions have been used to 
selectively reduce or increase sensory (intensity) and 
affective (unpleasantness) qualities of pain, with the 
effects being associated with changes in the metabolic 
activity of the somatosensory and anterior cingulate cor-
tex, respectively.24–26 Hypnotic suggestions, however, 
seem to differ from, and could not account for, typical 
placebo analgesic responses,27 albeit some similarities as 
to the networks involved have emerged.28 In fact, data 
show that certain CNS circuits, known to be involved 
in the perception and integration of the pain experi-
ence, are susceptible to various manipulations. The per-
ception of pain can be either diminished or enhanced, 
depending on the additional presence of cognitive 
distractors, or the suggestion of pain enhancement or 
reduction.29 Theories regarding the placebo analgesic 
effect uniformly acknowledge the interplay between 
environmental information and their perception and inte-
gration by the individual’s organism to induce a positive  
(placebo) or negative (nocebo) response. The presence 
of these interactions implies the involvement of higher 
order, CNS associative processes in the production of 
analgesic placebo effects. This assertion has been ele-
gantly demonstrated by work in which analgesic agents 
were administered covertly (subjects were not aware of 
the actual timing of the administration). Substantially 
lower and even insignificant effects were obtained from 
even well-recognized analgesic treatments when the 
context of drug administration was removed from the 
treatment.30–32 These findings call for the elucidation of 
mechanisms underlying ‘mind–body’ interactions.

In an initial report, the effects of the short-acting 
μ-opioid receptor agonist remifentanil on regional cere-
bral blood flow (rCBF, as measured with positron emis-
sion tomography [PET], thought to reflect metabolic 
demands), were found to overlap with the effects of a 
placebo under conditions of expectation of analgesia 
in the rostral anterior cingulate cortex (rACC).  Placebo 
administration increased the correlation between the 
activity of this region and that of the midbrain peri-
aqueductal gray (PAG), a region known to exert modu-
l atory effects on the experience of pain. Individuals 
with high placebo analgesic responses further dem-
onstrated greater rCBF responses to remifentanil, sug-
gesting that individual differences in placebo analgesia 
may involve differences in the concentration or func-
tion of μ-opioid receptors.33 One step further, the ques-
tion of whether placebo analgesia or opioid analgesia is 
of an additive nature has been recently investigated.34 
In this study, it was shown that although both remi-
fentanil and expectancy reduced pain, drug effects on 
pain reports and functional MRI activity did not inter-
act with expectancy. In this study, regions associated 
with pain processing showed drug-induced modula-
tion during both Open and Hidden conditions, with 
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no differences in drug effects as a function of expecta-
tion. Instead, expectancy modulated activity in frontal 
cortex, with a separable time course from drug effects. 
These findings suggest that opiates and placebo treat-
ments both influence clinically relevant outcomes and 
operate without mutual interference, with placebo 
administration engaging cognitive networks, a so-
called ‘top-down’ regulation.34

Substantial work has utilized functional magnetic 
resonance imaging (fMRI and the blood-oxygenation-
level-dependent[BOLD] signal) as well as a covert 
manipulation to increase individual verbally-induced 
expectations of relief (Ch 10). This has consisted of a 
reduction in the heat intensity of the probe used to 
induce pain during the administration of a placebo. 
In response to the manipulation, placebo-associated 
reductions in the activity of the rACC, insular cor-
tex and thalamus were observed, correlating with 
the subjectively rated pain relief afforded by the pla-
cebo administration.35 Using a similar experimental 
approach, the opposite effect, activation of the rACC 
and increased connectivity between this region, the 
amygdala and PAG during placebo administration, 
were described.36 Other work found increases in the 
activity of the rACC, prefrontal, insular cortex, supra-
marginal gyrus and inferior parietal cortex, employing 
sham acupuncture as a form of placebo intervention.37 
While these differences in the directionality of find-
ings may seem difficult to reconcile, particularly when 
using similar placebo enhancement procedures, several 
methodologic differences between the studies have 
been noted.37 Among them is the selection criteria for 
the subjects entered in the neuroimaging protocols. In 
one of them (showing placebo-associated reductions 
in BOLD responses during placebo administration), 
only subjects demonstrating substantial placebo anal-
gesia in preceding ‘training’ trials were studied.35 In 
contrast, the reminder of the studies (showing placebo-
associated increases in regional BOLD activity) did not 
eliminate non-responder subjects for imaging.36,37 Raz 
et al28 reported that only highly hypnotizable subjects 
responded with reductions in rACC BOLD responses 
during post-hypnotic suggestions in a cognitive con-
flict resolution task (as opposed to poorly hypnotizable 
subjects or volunteers in whom no suggestions were 
used). This may suggest that differences in subject 
preselection procedures (e.g. the elimination of non-
placebo responders) would have contributed to the 
apparent differences in response directionality between 
studies. Later work by Wager and colleagues has stud-
ied the predictive value of brain activity during placebo 
administration.38 Using a cross-validated regression 
procedure on previous data (n = 47) they showed that 
increased anticipatory activity in a frontoparietal net-
work, and decreases in a posterior insular/temporal 

network, predicted a moderate amount of variance in 
the placebo response. They also showed that the most 
predictive regions were those associated with emo-
tional appraisal, rather than cognitive control or pain 
processing (Ch 8). During pain, decreases in limbic and 
paralimbic regions most strongly predicted placebo 
analgesia.

In our laboratory, we have primarily focused on 
the examination of in vivo molecular mechanisms and 
related circuits involved in the formation of placebo 
effects. For that purpose, we employ positron emission 
tomography (PET) and validated models to quantify 
μ-opioid and DA D2/3 receptors while administering 
a model of sustained experimental pain. Using these 
types of functional molecular assays, reductions in 
the in vivo availability (binding potential, BP) of the 
respective receptor population reflect placebo-induced 
activation of either the opioid or DA neurotransmis-
sion, respectively. Subjects were studied under base-
line conditions (no stimulus), pain expectation (pain 
intensity is rated, expected but not actually endured) 
and actual pain. The latter two were performed with 
and without the administration of a placebo, con-
sisting of isotonic saline infused intravenously, 1 mL 
every 4 minutes and with the subject receiving verbal 
and visual cues at the time of application. The study 
sample consisted of young healthy males and females, 
ages 20–30 years. Women were studied in the follicular 
phase of the menstrual cycle, ascertained by menstrual 
diaries, timing of menses and plasma levels of estra-
diol and progesterone prior to scanning. The sustained 
pain model employed elicits psychophysical responses 
similar to those of clinical pain states in terms of pain 
intensity and pain affect.39 The resulting steady-state 
of deep muscle pain was maintained for 20 minutes 
by a computer-controlled closed-loop system through 
individually titrated infusion of medication-grade 
hypertonic saline (5%) into the masseter muscle, aim-
ing for a target pain intensity of 40 visual analog scale 
(VAS) units.39,40 Volunteers rated pain intensity every 
15 seconds using an electronic version of a 10-cm VAS, 
placed in front of the scanner gantry. For trials where 
subjects expected to receive pain but a non-painful 
stimulus was applied, the same procedure was fol-
lowed, except that isotonic instead of hypertonic saline 
was administered.

In order to study the molecular mechanisms under-
lying the placebo effect, our model of sustained experi-
mental pain was used in either one of two modes of 
operation, producing different experimental conditions: 
(a) the placebo effect was assessed by measuring the sub-
ject-specific infusion volume required to maintain pain 
at the preset target level for 20 minutes, with or with-
out the administration of the placebo, and (b) by using 
the subject-specific, pre-established infusion profile with 
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and without administration of the placebo. In the first 
condition, the placebo effect is perceptually not trans-
parent to the subject as pain intensity is kept at the preset 
target level for both the ‘no placebo’ and ‘placebo’ condi-
tions and with the effect of the placebo being expressed 
by the difference of the rate of infusion required between 
the two conditions. For the second scenario, the subject 
is able to recognize the effect of the administered pla-
cebo by experiencing either a lessening or worsening of 
the pain intensity over the course of the trial as a conse-
quence of the placebo administration.

In addition to the momentary assessments of pain 
intensity acquired every 15 seconds, subjects completed 
the McGill Pain Questionnaire with its sensory and affec-
tive subscales,41 0–100 VAS scores of pain intensity and 
unpleasantness, the Positive and Negative Affectivity 
Scale (PANAS) measuring internal affective state,42 and 
the Profile of Mood States inventory (POMS), which pro-
vides a total mood disturbance score (TMD).43 These rat-
ing scales were completed at the end of the challenges for 
both conditions, with and without placebo administration.

We were interested in the understanding of indi-
vidual variations in placebo responses, and all eligible 
subjects were included in the studies without any con-
sideration given to their potential placebo responsivity. 
Furthermore, we utilized instructions that were similar 
to those of typical clinical trials: ‘We are testing an agent 
that has been shown to reduce pain in some subjects. 
It is thought that it does this through the activation of 
anti-pain mechanisms in our bodies. You will receive 
both active and inactive agents during the trial’. In the 
first series of experiments described below, an additional 
statement was added to deal with the fact that the pla-
cebo effect was not transparent to subjects due to the 

choice of pain model used: ‘You may not be able to tell 
whether the agent is working, but the investigators will 
be able to tell with their equipment’.

PLACEBO-INDUCED ACTIVATION OF 
REGIONAL ENDOGENOUS OPIOID 

NEUROTRANSMISSION

In an initial investigation involving 14 healthy males, 
we determined the regional activation of endogenous 
opioid neurotransmission on μ-opioid receptors with 
PET and the selective μ-opioid radiotracer [11C]carfent-
anil.44 In this experiment, the pain model was operated 
so that the infusion was individually titrated to the pre-
set level of pain intensity, irrespective of whether pla-
cebo was administered or not, potentially preventing 
subjects from experiencing a difference between con-
ditions. It was observed that the administration of the 
placebo, with expectation that it represented an anal-
gesic agent, was associated with significant activation 
of μ-opioid receptor mediated neurotransmission in 
both higher order and subcortical brain regions. These 
included the pre- and subgenual rACC, the dorsolateral 
prefrontal cortex (DLPFC), anterior insular cortex (aINS) 
and the nucleus accumbens (NAC) (Fig. 4.1). These 
regional activations were correlated with lower ratings 
of pain intensity (rACC, aINS, NAC), pain unpleasant-
ness (rACC), reductions in MPQ sensory (rACC, aINS), 
affective (NAC) and total (rACC, aINS) scores, as well as 
in the negative emotional state of the volunteers as mea-
sured with the POMS (NAC). The magnitude of μ-opioid 
system activity in the rACC also correlated positively 
with the increases in pain tolerance (the increase in 

FIGURE 4.1 Placebo-induced activation of regional μ-opioid receptor-mediated neurotransmission. Left: distribution of μ-opioid receptors in 
the human brain, in a 3D rendering. Right: some of the areas in which significant activation of μ-opioid neurotransmission during sustained pain 
were observed after the introduction of a placebo with expectation of analgesia. INS: insula; dlPFC: dorsolateral prefrontal cortex; NAC: nucleus 
accumbens; rACC: rostral anterior cingulate cortex. This figure is reproduced in color in the color section.
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algesic volume requirements to maintain pain at the tar-
get intensity, r = 0.96). This dataset was the first direct evi-
dence that the administration of a placebo with implied 
analgesic properties was associated with the activation 
of a pain and stress inhibitory neurotransmitter system, 
the endogenous opioid system and μ-opioid receptors, 
involving a number of brain regions. Furthermore, this 
activation was associated with quantifiable reductions in 
the physical and emotional attributes of the stressor, a 
sustained pain challenge. The regions implicated in this 
phenomenon included some involved in cognitive and 
emotional integration, including responses to placebo 
(rACC); the representation and modulation of internal 
states, both physical and emotional (INS), and reward 
and saliency assessments (NAC). The DLPFC was not 
found to be related to changes in the psychophysi-
cal properties of the pain challenge, but instead to the 
expected analgesic effect of the placebo, as rated by the 
volunteers prior to its administration. This is consistent 
with the hypothesized function of this brain region in 
the cognitive adjustments to environmental information 
for the control of behavior.45

A follow-up analysis, conducted in a larger sample 
(n = 20),46 examined the variance in endogenous opi-
oid activity as a function of verbally-induced expecta-
tions of relief, and psychophysical characteristics of 
pain. Perhaps counter-intuitively, the largest proportion 
of the variance in regional endogenous opioid activity 
(40–68%, depending on the region) was accounted for by 
a multiple regression model that included the affective 
(but not sensory) quality of the pain, the PANAS- positive 
and -negative affect ratings, and a measure of individual 
pain sensitivity (the volume of algesic substance that had 
to be infused to maintain pain at target intensity level). 
This indicated that the individual affective experience 
during pain, whether pain-specific (MPQ pain affect 
subscale) or not (PANAS ratings of positive and negative 
internal affective state), were important predictors of the 
subsequent development of a placebo response, as was 
the measure of individual pain sensitivity. This concept 
seems to be consistent with that advanced by observa-
tions that placebo analgesia is achieved proportionally 
to the relief of anxiety afforded by the placebo.17,18 It is 
also in line with the assertion that placebo effects result 
from the organism’s assessment of its internal needs,23 
as pain sensitivity was also found to be a predictor of the 
formation of placebo responses as reflected by endog-
enous opioid activation.

A second experimental series was conducted with the 
same radiotracer, labeling μ-opioid receptors, but this 
time the infusion profile to achieve target pain levels was 
determined in advance and repeated in the studies with 
and without placebo.47 Pain intensity ratings, acquired 
every 15 seconds, would be expected to be lower with 
placebo administration than without, this being the 

primary evidence of a formation of the placebo effect at a 
psychophysical level. This series also included PET stud-
ies with the dopaminergic (DA) tracer [11C]raclopride, 
labeling DA D2 receptors in the basal ganglia and D2 
and D3 receptors in the NAC.48 The data acquired with 
this radiotracer is described in the following section.

In these studies, the expected analgesic effects were 
rated at 48 ± 23 (range 0–95). After the experiments 
were conducted, the perceived effectiveness of the pla-
cebo was rated at 42 ± 29. Significant endogenous opi-
oid activation was observed in the pre- and subgenual 
rACC, orbitofrontal cortex (OFC), anterior insula (aINS) 
and pINS, medial thalamus (mTHA), NAC, amygdala 
(AMY) and periaqueductal gray (PAG). There was 
a notable lack of involvement of the DLPFC in these 
results, while activation in the OFC was observed 
instead. Regional magnitudes of activation correlated 
with the subjects’ expected analgesia (NAC, PAG), 
the update of these verbally-induced expectations by 
the subjectively perceived efficacy of the placebo (the 
ratio between observed and expected efficacy) (NAC, 
AMY), as well as with placebo-induced changes in pain 
intensity (rACC, NAC, OFC). In view of the previous 
results, where affective state explained a substantial 
proportion of the variance in placebo responses, we 
also examined whether increases in positive affect dur-
ing the placebo condition were related to the opioid 
response. Positive correlations were obtained between 
the increases in PANAS-positive affect and the mag-
nitude of placebo-induced endogenous opioid system 
activity in the NAC.

When individuals were classified as high and low 
placebo responders, using the median reduction in pain 
intensity during placebo as the split point, it was opi-
oid activity in the NAC that was significantly different 
between the two groups. A small group of subjects (n = 5) 
showed higher ratings of pain (hyperalgesia) during pla-
cebo (consistent with a nocebo effect). When compared 
to high placebo responders, the placebo and nocebo 
groups demonstrated changes in the opposite direc-
tion: regional opioid system activation was observed in 
high responders, while deactivations were present in the 
nocebo group.

Besides demonstrating a dynamic modulation of pla-
cebo and nocebo responses by the endogenous opioid 
system, the involvement of NAC opioid neurotransmis-
sion in differentiating high and low placebo respond-
ers was documented for the first time. This brain region 
presents high levels of DA innervation arising from the 
ventral tegmental area (mesolimbic DA circuit) and is 
known to be involved in responding to rewards and 
salient stimuli (both rewarding and aversive).49 It is also 
thought to respond to updates in verbally-induced expec-
tations that depend on the emotional response to chang-
ing environmental information (so-called counterfactual 
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comparisons) through its connections with the OFC and 
the AMY.50,51

DOPAMINERGIC MECHANISMS IN THE 
FORMATION OF PLACEBO ANALGESIC 

EFFECTS

The previous results point to a distributed network 
of regions participating in placebo effects, mediated by 
the endogenous opioid system. The NAC emerged as 
a prominent part of it, believed to be responding to the 
saliency or the reward value of the placebo stimulus. 
Here, endogenous opioid activation was associated with 
verbally-induced expectations of analgesia, the update 
of those expectations over time, and placebo-induced 
analgesic effects.

The NAC lies at the interface of sensorimotor and 
limbic systems, and through its connections with the 
OFC, ventral pallidum and the amygdala, forms part of 
a circuit involved in the integration of cognitive, affec-
tive and motor responses in animal models.52,53 This 
circuit and additional interconnected regions (e.g. insu-
lar and medial prefrontal cortex, medial thalamus) are 
heavily modulated by the endogenous opioid system 
and μ-opioid receptors. It has also been proposed as a 
primary site of interaction between the effects of DA- 
releasing drugs, novelty and stressors,54–56 typically 
studied in the context of the administration of reinforcing 
drugs. A possible role of NAC DA in placebo respond-
ing was initially postulated following observations that 
basal ganglia DA release took place in the placebo arm of 
a RCT in patients with Parkinson’s disease8,57 and major 
depression.58 This work, then, suggests an involvement 
of the ventral basal ganglia in either responding to indi-
vidual verbally-induced expectations of analgesia or the 
novelty of a placebo administration.

To further study these processes in the context of pla-
cebo analgesia, the same subjects (n = 20) that underwent 
μ-opioid receptor scanning (2nd experiment above), 
underwent studies with the DA D2/D3 receptor radio-
tracer [11C]raclopride.47 Opioid and DA scans were ran-
domized in order. As in previous studies, scans included 
a pain anticipation period (pain was expected but not 
received) where subjects were administered intramuscu-
lar non-painful isotonic saline and rated pain intensity 
in the same manner as the actual pain scans. During the 
actual pain scans, the same infusion profile was used for 
studies with and without placebo.47

Placebo administration was associated with the acti-
vation of DA D2/D3 neurotransmission that was exclu-
sively localized in mesolimbic dopaminergic terminal 
fields, ventral caudate, ventral putamen and NAC. 
The magnitude of DA activation in the NAC was posi-
tively correlated with the individual verbally-induced 

expectations of analgesia, the update of those expecta-
tions during the study period (the ratio of subjectively 
rated analgesic efficacy over the initial expectations), 
and the magnitude of analgesia (the change in pain 
intensity ratings over the 20-minute study period). As 
was the case with the opioid system, DA activation in 
the NAC was also positively correlated with the increase 
in PANAS-positive affect ratings during placebo. When 
both regional opioid and DA responses to placebo were 
examined as to their contribution to placebo analgesia, 
DA release in the NAC emerged as the most predictive 
region and neurotransmitter, accounting for 25% of the 
variance in the formation of placebo analgesic effects. 
Consistent with the hypothesis that NAC DA responses 
to placebo constitute a ‘trigger’ that, responding to the 
saliency and reward value of the placebo, would allow 
for the activation of down-stream adaptive (e.g. opioid) 
responses, placebo-induced NAC DA release was posi-
tively correlated with the magnitude of endogenous 
opioid release in the NAC, ventral putamen, AMY, 
aINS, pINS and rACC. Similarly to the opioid system, 
NAC DA release also differentiated volunteers that were 
above and below the mean in their analgesic responses 
(high and low placebo responders) in these trials. For the 
comparison between high placebo and nocebo respond-
ers, nocebo responders demonstrated a deactivation of 
DA neurotransmission during placebo in the NAC and 
ventral putamen, an effect opposite in direction to that of 
high placebo responders.

Partly overlapping with the above sample, we then 
examined the hypothesis that individual variations in 
placebo responses may be related to differences in the 
processing of reward expectation.59 For this purpose, 
healthy males and females (n = 30 total) were stud-
ied with a combination of molecular PET with [11C]
raclopride and functional magnetic resonance imaging 
(fMRI). In this case, and to avoid motivational mecha-
nisms that may be related to individual differences in 
pain sensitivity, placebo-induced DA release was exam-
ined during the pain expectation state. Subjects also 
underwent an fMRI–BOLD study using a variation of 
the Monetary Incentive Delay (MID) task. This task is 
known to activate NAC synaptic activity during antici-
pation of a monetary reward.60 Individual variations 
in placebo-induced NAC DA release were then com-
pared to the synaptic activity of the same region during 
anticipation of a monetary reward. Both of these mea-
sures were also examined as a function of the antici-
pated analgesic effects of the placebo, deviations from 
those verbally-induced expectations and the magnitude 
of placebo analgesic effects in pain challenges. It was 
hypothesized that in healthy subjects, in the absence of 
underlying pathology or previous conditioning, indi-
vidual variations in placebo-induced NAC DA activity, 
and in the synaptic activity of this region during reward 
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anticipation, would be related to each other and to the 
variability in placebo effects obtained in the studies.

In a manner similar to what was observed in actual 
pain studies, the introduction of the placebo during a 
pain anticipation state was associated with the activa-
tion of DA neurotransmission and D2/D3 receptors in 
the NAC, bilaterally, in a manner proportional to the 
anticipated analgesic effects as rated by the volunteers, 
as well as with the difference between anticipated and 
subjectively perceived effectiveness of the placebo (i.e. 
the update of expectations over time).

We then examined whether individual variations in 
the synaptic activity of the NAC during the MID task 
would be predictive of the magnitude of placebo effects. 
It was observed that individuals that activated NAC 
synaptic function to a greater extent during monetary 
reward anticipation also showed more profound placebo 
responses. These included greater positive affect scores 
during pain expectation periods and greater levels of 
analgesia in pain trials. The NAC BOLD signal during 
monetary reward anticipation was further correlated 
with placebo-induced DA activity as measured with 
PET. In a regression model, NAC synaptic activation 
during anticipation of the (high, $5) monetary reward 
accounted for approximately one-third of the variance 
in the development of placebo-induced analgesia in the 
pain trials. In a manner similar to the results obtained 
with NAC DA responses to placebo, the activation of 
NAC synaptic activity during reward expectation was 
further correlated to the difference between the antici-
pated and subjectively perceived analgesic effects of the 
placebo. It should be noted that the fMRI studies were 
conducted separately from the pain expectation and 
pain studies and that the subjects were not aware of any 
link between the two sets of experiments. Given this 
situation, these results are believed to reflect intrinsic 
differences in the response of the NAC during reward 
anticipation, further defining individual variations in 
placebo responding.

THEORIES OF PLACEBO ANALGESIA 
AND PLACEBO-INDUCED ACTIVATION 
OF REGIONAL ENDOGENOUS OPIOID 

NEUROTRANSMISSION

Throughout the history of placebo research, an 
important debate has focused on whether placebo 
effects depend on conscious expectancy27,61 or learn-
ing mechanisms.62,63 Though this has typically been 
framed in terms of expectancy versus conditioning, 
these alternatives might not be mutually exclusive  
(Ch 4). Newer learning theories suggest that conditioning 
is actually a process that is related to both expectancies 
and association-based plasticity. Rescorla and Wagner 

formalized a model of classical conditioning in which 
learning does not depend on simple contiguity between 
conditioned and unconditioned stimuli. Instead, con-
ditioning depends on prediction error, which signals a 
discrepancy between expected and observed outcome.64 
Taken together, this line of work implies that expectan-
cies underlie most forms of learning.65 Therefore, predic-
tion error signal theories, as defined in this work, might 
provide a mechanism through which classical theories 
of placebo analgesia, verbally-induced expectations of 
clinical improvement and conditioning are reconciled, 
and placebo responses would emerge as a consequence 
of expectation and outcomes associations. If this were to 
be the case, the formation and maintenance of placebo 
effects would represent an instance of expectation and 
outcome comparisons, and an extension of the mecha-
nisms involved in motivated behavior.

In recent work, we aimed to determine the poten-
tial impact of learning and memory in placebo analge-
sic response. First, we examined the possibility that the 
recall of placebo responses would be associated with 
greater opioid neurotransmission during placebo admin-
istration.66 For this purpose, subjects (n = 37) were asked 
to recall their pain experience by completing the McGill 
Pain Questionnaire (MPQ) in a phone interview 24 hours 
after completion using the same scanning protocol used 
in previous studies.50 Subjects were considered placebo 
recall responders when MPQ scores 24 hours after the 
pain + placebo scans were lower than during the scans 
when pain alone was introduced (n = 18); and placebo 
recall non-responders when MPQ scores 24 hours after 
the pain + placebo studies were the same or greater than 
during the studies where pain alone was introduced  
(n = 19).

Consistent with animal models showing an effect 
of the enkephalinergic system and μ-opioid recep-
tors in learning and memory,67 our data showed that, 
in addition to its immediate placebo-analgesic effects, 
the μ-opioid receptor system is involved in the subse-
quent recall of placebo responses. Specifically, μ-opioid 
system activation during placebo administration in the 
VTA and the Papez circuit (hypothalamus-mammillary 
bodies, mamillo-thalamic tract, anterior thalamic nuclei, 
cingulate cortex and hippo/parahippocampus), impli-
cated in reward-motivated learning and memory pro-
cessing,68 were associated with attenuated recall of the 
pain experience 24 hours after the challenge. This report 
extended previous findings on the role of the μ-opioid 
neurotransmitter system in acute placebo responses,47 
and highlighted a novel role of this system in the forma-
tion of memories of placebo analgesic effects in distinct 
neural circuits. These provided a framework to under-
stand stimulus learning and therapeutic effect asso-
ciations, of importance for the sustainability of placebo 
effects.
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In a second series of analyses, we examined whether 
expectation and outcome comparisons (prediction error 
signal) predicted placebo responses.69 This hypothesis 
was supported by newer learning theories, where con-
ditioning depends on prediction error, which signals a 
discrepancy between expected and observed outcome.64 
Early classical theories proposed that reward-directed 
 learning depends on the temporal contiguity between 
stimuli and reward.70 By contrast, in most modern 
learning theories,64 a discrepancy between actual and 
predicted reward (reward-prediction error) plays an 
important role for learning stimulus–reward associa-
tions. The Rescorla and Wagner model (1972) and its 
real-time extensions (temporal difference models)71 
postulate that learning is directly influenced by predic-
tion errors that decrease gradually until the predictions 
match the outcome.

To test this hypothesis we examined the effect of 
expectation and outcome comparison groups on placebo 
responses using positron emission tomography (PET) and 
the μ-opioid receptor selective radiotracer [11C]carfentanil 
during the same sustained pain challenge with and with-
out placebo administration and the same scanning proto-
col as previously described.47 In order to create a measure 
of expectations and counterfactual comparisons, subjects 
were assigned to Low (≤50) or High (>50) Expectations or 
Effectiveness groups based on their answers to the ques-
tions: from 0 to 100, how effective do you think the medica-
tion will be? (expectations, prior to scan), and from 0 to 100, 
was the medication effective? (subjective assessment of 
effectiveness, after scan); 19 subjects were classified as hav-
ing High Expectations and 29 as having Low Expectations. 
When the two variables were combined, these resulted 
in four groups: a High Expectation/Low Effectiveness 
group (n = 7), Low Expectations/Low Effectiveness group  

(n = 19), High Expectations/High Effectiveness group  
(n = 13) and Low Expectations/High Effectiveness  
group (n = 9).

We observed a lack of significant relationships 
between the level of initial subjective expectations of pain 
relief and placebo-associated reductions on pain ratings. 
Using objective the neurochemical measures acquired 
with PET, individuals with high expectations showed 
greater μ-opioid system activation in the DLPFC that 
were not associated with placebo analgesic effects. These 
findings presented an apparent discrepancy with clas-
sical theories where the formation of placebo responses 
is dependent on the development of positive expecta-
tions. Conversely, a learning mechanism defined by 
the discrepancy between expectations and subjectively 
perceived effectiveness was associated with placebo 
analgesic responses (Fig. 4.2), and with the activation 
of regional μ-opioid neurotransmission in a substantial 
number of regions implicated in opioid-mediated anti-
nociception72 (ACC, OFC, AMYG, THA, INS). The larg-
est placebo responses were observed in those with low 
expectations and high subjective effectiveness (positive 
prediction error signal), whereas ‘nocebo’, hyperalge-
sic responses were observed in those reporting high 
 expectations and low reported effectiveness (negative 
prediction error signal). The magnitude of μ-opioid sys-
tem activation in regions relevant to error detection was 
further associated with placebo-induced analgesia, as 
measured by the changes in momentary pain intensity 
VAS ratings acquired every 15 seconds throughout the 
study, and the more integrative MPQ ratings acquired 
at the completion of the pain challenges. Moreover, our 
data confirmed that the effect of expectation and out-
come associations on behavioral placebo responses is 
mediated by endogenous opioid release and activation of 

FIGURE 4.2 Effect of expectation–effectiveness comparisons on placebo-induced changes in average VAS intensity ratings acquired over 
20 minutes. Greater placebo effects were observed in those with a positive prediction error signal (Low Expectations and High Effectiveness), 
whereas lower placebo effects were observed in those with a negative prediction error signal (High Expectations and Low Effectiveness).
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the μ-opioid receptor system in the dACC. These results 
provided a mechanism through which classical theories 
of placebo analgesia (expectation vs. conditioning) could 
be reconciled, and shed light on individual differences in 
reward learning and decision-making processes. Expec-
tations and outcomes comparisons then emerge as a 
cognitive mechanism that, beyond reward-associations, 
is likely to facilitate the formation and sustainability of 
placebo responses over time.

PERSONALITY PREDICTORS OF 
PLACEBO-INDUCED ACTIVATION OF 

REGIONAL ENDOGENOUS OPIOID 
NEUROTRANSMISSION

Substantial interest exists in the development of  
simple measures, such as personality traits, that may 
 provide predictive value for the formation of placebo 
effects, as they might substantially influence the thera-
peutic context73 and therefore placebo effects. Recent 
work has studied the effect of the patient–practitioner 
relationship on placebo acupuncture responses.73 In 
this study, participants were randomized to a waitlist 
(observation), limited (placebo acupuncture +  neutral 
practitioner) or augmented placebo acupuncture treat-
ment (placebo acupuncture + empathic practitioner). It 
was shown that gender (female) and personality traits 
(extraversion, agreeableness and openness to expe-
rience) influenced placebo response, but only in the 
warm, empathic, augmented group. These results sug-
gested that to the degree a placebo effect is evoked by 
the patient–practitioner relationship, personality char-
acteristics of the patient will be associated with placebo 
response and highlight the complexity and variabil-
ity of placebo effects in the context of a therapeutic 
relationship.

In line with this work, trait optimism and trait  anxiety 
were found to be positive and negative, reproducible 
predictors.74,75 Personality traits thought to be related 
to dopaminergic function (novelty seeking, harm avoid-
ance, behavioral drive, fun seeking and reward respon-
siveness) have also been associated with both placebo 
analgesic effects and gray matter density in the basal 
ganglia and prefrontal cortex.76

We examined the possibility that personality traits 
would be associated with analgesic placebo responses 
in a sample of 50 healthy volunteers using the sus-
tained pain paradigm described above.77 Since our 
primary hypothesis stated that personality predictors 
of placebo responses would be associated with stress 
resiliency, we examined the predictive value of scales 
assessing emotional, psychologic, and social well-
being, dispositional optimism, satisfaction with life and 
ego-resiliency. Personality traits related to dopaminer-
gic function were also evaluated using the behavioral 

inhibition/activation scale. Low anticipatory responses 
to pain have been associated with the subsequent for-
mation of placebo analgesia, therefore trait anxiety was 
included in the model as a potential negative predictor. 
Finally, an overall evaluation of personality traits was 
included using the scores of the five dimensions of the 
NEO Personality Inventory Revised.

Using the change in average VAS score of pain inten-
sity as a dependent variable, the most predictive traits 
of placebo analgesia in a univariate model were Ego-
Resiliency, NEO Agreeableness, and NEO Neuroticism, 
which respectively explained 16%, 14%, and 12% of the 
variance in placebo response (Fig. 4.3). The former two 
were positive predictors, while the latter was a negative 
predictor. A multivariate model with Ego-Resiliency, 
and the NEO facets Altruism, Straightforwardness and 
Angry Hostility (negative predictor) accounted for 25% 
of the variation in placebo analgesic responses and had a 
predictive ability of 18%.

Molecular imaging showed that subjects scoring 
above the median in a composite of those trait measures 
also presented greater placebo-induced activation of 
μ-opioid neurotransmission in the subgenual and dor-
sal ACC, OFC, INS, NAC, AMYG and at a lower thresh-
old, the PAG. These regions largely overlap with those 
identified in previous reports as responsive to placebo 
administration and involved in the regulation of the pain 
experience.44,47,78 As previously observed, activation of 
μ-opioid receptor mediated neurotransmission in some of 
these regions was associated with reductions in individ-
ual pain report (Fig. 4.3). Additionally, we found signifi-
cant reductions in cortisol plasma levels during placebo 
administration, which were correlated with reductions in 
subjective pain report and μ-opioid system activation in 
the dorsal ACC and PAG. While no significant relation-
ships were observed between the composite scores and 
reductions in cortisol, these were negatively correlated 
with NEO Angry Hostility scale scores at trend levels.

Previous studies have suggested that dispositional 
optimism, as defined by the Life Orientation Test-
Revised scale, might be a predictor of placebo analge-
sia using experimental models of phasic heat and a 
preconditioning procedure to increase expectations of 
analgesia,75 or cold pain (cold pressor test) without pre-
conditioning, where an interaction between Life Orien-
tation Test-Revised scores and experimental condition 
was reported.74,75 Similarly, placebo effects have been 
associated with dopaminergic function, such as novelty 
seeking, harm avoidance, behavioral drive, fun seeking 
and reward responsiveness, during intramuscular infu-
sion of hypertonic saline paired with a cream using a 
conditioning-like procedure.76 However, these findings 
were not replicated in the present study using a sus-
tained pain model and no preconditioning procedures.

These results suggested that stable personality traits 
related to stress resiliency and interpersonal function 
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have a substantial impact on the capacity to develop pla-
cebo effects. If replicated in clinical samples, these trait 
measures could be employed to reduce variability in 
treatment trials for conditions, such as persistent pain, 
mood and movement disorders, where placebo effects 
can be particularly prominent and obscure the effects of 
potentially active treatments.

CONCLUSIONS

An emerging literature is demonstrating that cogni-
tive and emotional processes that are engaged during 
the administration of an otherwise inactive agent, a pla-
cebo, are capable of activating internal mechanisms that 
modify physiology. These processes are of importance to 

understand the inter-individual variability that leads to 
recovery from any illness. A network of regions, includ-
ing the rostral anterior cingulate, dorsolateral prefrontal 
and orbitofrontal cortices, insula, nucleus accumbens, 
amygdala, medial thalamus and periaqueductal gray 
appear to be involved. Opioid and dopamine neuro-
transmission in these areas modulates various elements 
of the placebo effect, which appear to include the repre-
sentation of its subjective value, updates of expectations 
over time, the recall of pain and placebo experiences 
and changes in affective state and in pain ratings. The 
circuitry involved in placebo analgesic effects also has 
the potential to modulate a number of functions beyond 
pain, as the brain regions involved have been implicated 
in the regulation of stress responses, neuroendocrine 
and autonomic functions, mood, reward and integrative 

FIGURE 4.3 Personality traits effect on placebo-induced activation of regional μ-opioid receptor mediated neurotransmission. Left: Regions 
of greater μ-opioid system activation during placebo administration in subjects with high levels of Ego Resilience, Straightforwardness and 
Altruism and low levels of Angry Hostility. Upper right: Simple linear regression representing percent change in Placebo Response associated 
with 1 SD increase in Trait Measure (with 95% Confidence Intervals). (** indicates p < 0.01; * indicates p < 0.05). Lower right: Correlations 
between Δ μ-opioid BPND in the dACC during pain compared to (pain + placebo) and Δ in pain ratings (MPQ) during placebo administration. 
INS: insula; NAC: nucleus accumbens; r/sgACC: rostral and subgenual anterior cingulate cortex; AMYG: amygdala; PAG: periaqueductal 
gray. This figure is reproduced in color in the color section.
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cognitive processes, such as decision-making. Besides 
the perspective that placebo effects confound RCTs, 
the information so far acquired points to neurobiologic 
systems that, when activated by positive expectations 
or conditioning, are capable of inducing physiologic 
change. They should therefore be considered as resil-
iency mechanisms with the potential to aid in the recov-
ery from challenges to the organism.
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THEORETICAL MODELS OF PLACEBO 
ANALGESIA

A scientific understanding of the mechanisms of pla-
cebo analgesia must conform to a theoretical model that 
is consistent across multiple domains of knowledge 
(e.g. neurophysiologic, pharmacologic, psychologic, 
social). In the psychologic domain, it has been argued 
that expectations are largely responsible for placebo 
effects.1–3 Expectation may be partly related to the 
information provided about the treatment by health-
care professionals, and partly to psychologic processes 
particular to the patient. Wager1 and Morton et al4 pro-
posed overlapping models of the role of expectancy, 
positing a role also for a second factor, anxiety reduc-
tion, in placebo analgesia. Morton et al5 argued that 
dispositional optimism, the tendency to expect positive 
outcomes, also plays a role in facilitating the reduction 
in anxiety.

There are also noncognitive approaches to account 
for placebo responding, which may or may not rely 
on expectation, most notably classical conditioning.6 
A true drug or treatment is an unconditioned stimulus 
(US) leading to an unconditioned response (symptom 
relief). A placebo treatment repeatedly pairs a neutral 
stimulus (e.g. sugar pill) with the notion of the US 
and thus become conditioned stimuli that can elicit a 
response similar to that of the active drug, a conditioned 
response.7 Early experiments showed a role for classi-
cal conditioning in the placebo effect, with studies by 
Voudouris et al6 showing that surreptitious reduction in 

the intensity of stimulation, when paired with an inert 
treatment, produce strong placebo responses. However, 
Montgomery and Kirsch8 found, using an almost iden-
tical procedure, that when subjects were told that the 
treatment was inert, there was no placebo response, 
suggesting that cognitive expectations were essential. 
A comprehensive discussion on the theoretical debate 
between cognitive expectancy versus noncognitive 
conditioning models is offered by Stewart-Williams 
and Podd.9 For the purposes of this chapter, it suffices 
to point out that Montgomery and Kirsch8 argued that 
conditioning will produce placebo response expectan-
cies rather than actual placebo responses. The idea that 
it is the expectancies that actually elicit the response 
bears close resemblance to assimilation theory, which 
is a framework that predicts the effects of expectations 
on sensory perception.10 Grounded in ideas around 
cognitive dissonance, it assumes that the discrepancy 
between expected and actual experience is undesir-
able, and therefore the perception is altered to match the 
expectation. The idea is consistent with the concept of 
the  placebo response being an erroneous non-detection 
of pain signals.11

The concept of cognitive dissonance is also consis-
tent with more complex probabilistic approaches to 
 understanding pain perception, such as used within 
the framework of Bayesian theory.1 In this conceptual 
approach, which builds on the notion of perception as 
inference,12 pain perception is thought of as a product of 
prior information (informing expectation/ anticipation) 
and current information (nociceptive processing). In 
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applying these Bayesian concepts to sensory neuro-
science the balance between the influence of prior 
expectation over sensory evidence is governed by the 
uncertainty in those expectations,13 such that sensory 
evidence has more influence when expectations are 
more uncertain, due to processes of attention and learn-
ing that become activated during uncertainty. However, 
it has been suggested also that uncertainty necessarily 
increases pain reports,14 a view that appears to conflict 
with a purely Bayesian model of pain. The evidence we 
review below favours the Bayesian model, although it 
is possible that uncertain anticipation may induce anxi-
ety and higher pain ratings under a psychologic context 
in which uncertainty is associated with greater threat 
value.15

Based on the above theoretical considerations, here 
we propose an integrated model. The model argues that 
the placebo response is primarily driven by cognitive 
processes of expectation and assimilation with expecta-
tion, processes that are influenced by a range of other 
cognitive processes such as confidence in treatment cues, 
implicit conditioning based on past treatments, and 
explicit memories of those treatments. Nonspecific psy-
chologic processes such as positive emotional responses 
arising from an empathic therapeutic relationship have 
also been shown to be involved in placebo responding,16 
which may then influence treatment-specific expectancy 
processes by increasing confidence in treatment cues 
(i.e. increasing the subject’s perception that those cues 
are reliable). We also propose that one of the mediators 
of the effects of expectations on pain may be a reduction 
in anxiety and stress.

The remainder of this chapter will review in more 
detail the evidence for four key components of this 
model: expectation, conditioning, attention and anxiety 
reduction, and will provide evidence from EEG studies 
for the involvement of these processes.

EEG MEASURES OF PAIN AND ITS 
ANTICIPATION

Electroencephalography (EEG) allows us to record 
changes in cortical neuronal activity using surface 
electrodes on the scalp. Two types of information can 
be analyzed from EEG recordings: (1) the frequency 
characteristics of the EEG, either at rest or in response 
 (time-locked) to specific events, (2) event-related poten-
tials (ERPs), which are responses that are consistent 
across multiple trials of data, determined by averaged 
time and phase-locked responses to stimuli or actions, 
or in anticipation of these. In this chapter we focus 
mainly on ERPs to painful or non-painful laser stimuli 
(laser-evoked potentials, LEPs) and anticipation-evoked 
potentials known as the stimulus-preceding negativity 

(SPN) (Fig. 5.1). The LEPs that are most reliably recorded 
are an early negative component N1,  subsequent N2 
 component and ensuing positive component P2.18–21  
N2/P2 are generally thought to be related to the 
 conscious experience of pain,19,21 are modulated by 
 attention and mood22,23 and are correlated with antici-
patory  processing as measured by the amplitude of the 
SPN.24

PAIN ANTICIPATION AND ITS ROLE IN 
PAIN PERCEPTION

EEG, because of its high temporal resolution, has the 
potential to investigate top-down mechanisms such as 
expectation, attention, and anxiety in terms of anticipa-
tory processes preceding pain. Specifically, EEG pro-
vides the means to clearly differentiate between neural 
processes during anticipation and experience of pain 
and to begin to unpick the somewhat complex relation-
ship between these two aspects of pain processing in the 
brain.24 The SPN generated prior to a pain stimulus can 
be used as a measure of pain anticipation. In this section 
we review EEG studies of anticipation,24,25 which show 
that anticipatory activity is correlated with the expected 
intensity of pain and is a predictor of subsequent pain 
perception and neural correlates of pain such as laser-
evoked potentials (LEPs).

Behaviorally, Brown et al,24 have shown that when 
high-, medium- and low-intensity laser stimuli are 
delivered to the back of the arm in a  pseudo-randomized 
order, the perception of those stimuli is influenced by 
preceding cues that provide either certain or uncer-
tain information about subsequent stimulus intensity. 
In other words, prior expectation generated from the 
cues  significantly influenced pain ratings. Certain 
expectations of high pain increased pain perception, 
whereas certain expectations of low pain decreased 
pain perception, relative to uncertain conditions in 
which the same intensity of pain was delivered. The 
probability distribution of stimulus intensity was 
roughly centered on the medium intensity stimuli, 
as high, medium and low stimuli had equal likeli-
hood. The ratings during relative uncertainty were 
more clustered towards the medium intensity and 
this would favor a probabilistic or  Bayesian model of 
pain perception, rather than the view that uncertainty 
increases pain via anxiety.

When EEG data from the above experiment were 
studied,24 it was found that under ‘certain’ conditions, 
when the future pain intensity was known, anticipatory 
processing was a predictor of pain processing, but not 
during ‘uncertain’ conditions. During uncertainty, antic-
ipation, as measured by the SPN, did not correlate with 
LEPs, whereas during certain expectation the SPN was 
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indeed correlated with subsequent LEPs. In other words, 
not only did certain information about forthcoming pain 
bias pain perception, it also caused anticipatory processes 
to better predict subsequent pain processing. To shed 
light on this, further analysis looked at the brain sources 
of anticipatory activity during certain and uncertain con-
ditions, showing that they appeared to be processed in 
different circuitry in the brain.24 Uncertain anticipation 
was processed in areas of the brain more concerned with 
attention, such as dorsolateral prefrontal cortex (DLPF), 
posterior cingulate cortex (PCC) and inferior parietal cor-
tex (IPC). This is possibly because uncertainty promotes 
mechanisms of learning by directing attention to current 
sensory information, as suggested by Bayesian accounts 
of sensory perception.13 Conversely, certain conditions 

(compared to uncertain) were associated with anticipa-
tion being processed in areas of the brain more associated 
with semantic memory, conditioning and emotional/
autonomic responses such as anterior prefrontal cortex 
(aPFC), inferior frontal and temporal cortices and sub-
genual cingulate cortex.24 This is consistent with greater 
reliance on past information in determining pain experi-
ence (via expectation) when the intensity of forthcoming 
pain is known. In sum, these differences in processing 
provide further evidence in favor of a Bayesian model 
of pain perception and placebo analgesia. During more 
uncertain expectation the Bayesian model predicts that 
more attention will be placed on the incoming sensory 
information (nociceptive information presented to the 
brain), with less reliance on any prior information.

FIGURE 5.1 A model of the core components of the placebo response. An expectation of effect (1) causes ambiguity (2) regarding the intensity 
of the pain experience. Sensory ambiguity is further compounded by attentional processes such as distraction from the pain. When faced with 
the ambiguity of the perceived pain signal, subjects can either assimilate (3) or contrast their experience to their prior expectation of treatment. 
Assimilation results in enhancement of the effects of expectation (1). Expectation then goes on to cause a decrease in anxiety (4), which is known 
to cause decreases in perceived pain intensity (5). The reduction in pain from placebo and real analgesics will act as a conditioning stimulus that 
enhances memory of analgesic efficacy (6) and subjective confidence (8) in any cues indicating than an analgesic treatment is taking place. Posi-
tive emotional responses arising from an empathic therapeutic relationship may also increase confidence in treatment cues. Confidence acts as a 
facilitator of assimilation with expectation (3), thus further enhancing placebo effects. Reproduced from Brown et al.17
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According to Bayesian theories of perception, greater 
reliability of a predictor increases its influence on per-
ception and behavior.13,26,27 Consistent with this, there is 
evidence that subjects who are more certain/confident 
of their likely response to pain will tend to be more influ-
enced by information about the forthcoming intensity of 
pain. Brown et al25 studied the effects of prior beliefs and 
confidence in those beliefs as a way of measuring sub-
jects’ perceived reliability of expectations. In an exten-
sion of the previously described study by Brown et al,24 
the same subjects rated how much emotional distress 
they predicted they would experience in response to the 
pain stimuli. They also rated their confidence in this pre-
diction as an index of the extent to which they might rely 
on their expectations when making sensory judgments. 
Analysis of the high-intensity laser stimulations revealed 
that confidence in prior beliefs was a predictor of the 
extent to which certain anticipation (relative to uncertain 
anticipation) was able to bias the perception of pain. This 
is consistent with a Bayesian model of pain perception. 
Further evidence for this model came from data from 
the same study25 showing that greater confidence, and a 
greater effect of certain vs. uncertain anticipation cues on 
pain, was positively correlated with activity in the right 
anterior insula (a region known to be involved with aver-
sive conditioning and affective responses to pain)28,29 
and negatively correlated with activity in the inferior 
parietal and midcingulate cortices (regions involved 
with attentional orientation to pain).30,31 In individuals 
with greater confidence in prior beliefs, there will be less 
need for attention to the sensory–discriminatory compo-
nents of pain and therefore less resources given to atten-
tional areas of the pain matrix such as inferior parietal 
and mid-cingulate cortices. On the other hand, greater 
confidence in prior beliefs may induce processing within 
areas concerned with conditioned affective responses to 
pain such as anterior insula.

These EEG studies in normal volunteers have some 
potentially important clinical implications. The results 
suggest that patients who attend poorly to the details 
of sensory pain processing may appraise pain in a way 
that is weighted towards prior beliefs. This may mean 
that such patients are also more prone to manipulation 
of these beliefs, and may therefore be more susceptible to 
both placebo and nocebo responses. On the other hand, 
if chronic pain and attentional deficits are associated 
with significant psychologic comorbidity such as anxi-
ety and depression, these may result in less psychologic 
flexibility that may interfere with the ability to induce 
placebo responses. Indeed, recent experiments from 
our laboratory32,33 suggest that patients with fibromyal-
gia (FM), who can often present with such psychologic 
comorbities, have abnormalities of both their ability to 
allocate attentional resources (less focus on sensory dis-
crimination and more on affective processing) and the 

way they anticipate pain (less modulation of anticipa-
tory processing by external cues). Recent work also that 
suggests that patients with FM demonstrate subtle dif-
ferences in experimental placebo response consistent 
with differences in the way they attend to prior informa-
tion (unpublished data).

EEG STUDIES OF PLACEBO ANALGESIA

The above methodology for studying pain anticipa-
tion and perception using EEG has been applied to the 
study of the mechanisms of placebo analgesia. The model 
presented above for placebo analgesia requires placebo 
to be a true physiologic phenomenon rather than due to 
increased compliance (i.e. the subject complying with 
implicit wishes of the experimenter to observe a pain 
reduction). Watson et al34 provided the first clear EEG 
evidence of this, showing that placebo analgesia is a real 
physiologic phenomenon in which cortical responses 
to pain (P2 peak of the LEP) are diminished. Further 
work by Wager et al35 established that the N2 peak of 
the LEP does not appear to be affected as a part of the 
placebo response, finding only effects on the P2 peak in 
agreement with the results of Watson et al.34 Of further 
interest to the study by Wager et al was the finding that 
variance in P2 peak responses did not entirely account 
for the changes in reported pain as a result of placebo. 
The authors discussed this as possibly due to later pain 
processing (post-LEP) being important in modifying 
pain reports. Similarly, Colloca36 did not establish a cor-
relational relationship between the neurophysiologic 
response and pain reports. In a study by Fiorio et al of 
‘placebo-like’ enhancement of non-noxious stimulus 
perception,37 reported stimulus intensity was also not 
correlated with late evoked-potential amplitudes. In this 
case, the authors discussed the possibility that greater 
evoked potential amplitudes represented a ‘cortical sen-
sory gain’ that enhanced stimulus salience, possibly via 
enhancement of attention, but that this is only one out of 
many possible processes that may influence perceptual 
judgements.37

Studies have shown that, in healthy populations, both 
placebo analgesia and physiologic changes as measured 
with EEG are reproducible across different experimental 
sessions.4,5,38 For example, it has been clearly demon-
strated that the experimental placebo response is asso-
ciated with reductions in SPN.38 However, the way in 
which this reduction occurred was unexpected. In this 
study, experimental placebo was induced in a group of 
subjects by providing a sham treatment (a cream) to the 
skin, which was paired to reinforced expectation (condi-
tioning) by telling subjects that the cream may have been 
an analgesic. A control group had the same procedure 
but were fully informed that the cream did not contain 
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an anaesthetic. Unexpectedly, there was no reduction 
in SPN in either group in this first session. There was 
also a lack of correlation between changes in the SPN 
and changes in pain as a result of the sham. These nega-
tive results may indicate a persistence of fear and/or 
lack in confidence in predictions of reduced pain. How-
ever, in both groups, the experiment was repeated with 
a minimum gap of two weeks (range 2–6 weeks). The 
SPN was substantially reduced in the repeat sham treat-
ment group both before and after application of cream, 
although with bigger reductions post-application. This 
may be because there was greater confidence in the 
belief that the cream would work on the second session 
having experienced the beneficial effects of the placebo 
treatment in the first session.

These reproducibility findings may be related psycho-
logic traits that predispose towards placebo responding. 
For example, in studies by Morton et al,4,5 reproducibility 
of placebo analgesia has been positively correlated with 
the psychologic trait of optimism with a trend towards a 
negative association with generalized anxiety. EEG work 
has gone some way towards supporting the role of cog-
nitive factors and anxiety in placebo analgesia and its 
reproducibility. Morton et al38 showed that reductions in 
state anxiety preceded the large reductions in anticipa-
tory activity occurring when the experimental placebo 
was repeated in the same individuals. It was suggested 
that this reduction in anxiety may be one of the main 
mediators of placebo analgesia, although this was not 
correlated with changes in anxiety. However, the cogni-
tive trait of dispositional optimism was found to be sig-
nificantly correlated with changes in anxiety, SPN and 
LEP (N2/P2) over the two sessions.

There are some caveats to using the SPN to make 
inferences about changes in cognitive mediators of pla-
cebo analgesia. The SPN is also known to be increased 
by reward,39,40 and it is possible that placebo analge-
sia (in particular, expectations of reduced pain) may 
increase reward processing and contribute to larger SPN 
amplitudes. In other words, the SPN could represent a 
mixture of anticipatory processes related to both aver-
sion and reward originating from different regions of the 
brain, but that cannot be differentiated using a simple 
analysis of scalp amplitudes. This may explain why a 
reduction in the SPN was not found in the first session of 
the above-mentioned reproducibility study.38 Also, the 
results of Morton et al are not entirely consistent with 
recent fMRI experiments41,42 (reviewed in Chapter 10)  
that clearly show focal reductions in brain activity dur-
ing pain anticipation in a single placebo session after 
changes in reinforced altered expectancy (‘condition-
ing’). This highlights the importance of identifying the 
different brain sources that give rise to the SPN and 
interrogating them individually, as done in the studies 
by Brown et al24,25 on pain anticipation.

Research has begun to use EEG to differentiate 
between verbal expectancy and conditioning mecha-
nisms underlying placebo analgesia. Research by Colloca 
et al36 has shown that both conditioning and expectation 
alone lead to reductions in LEP responses, but only con-
ditioning leads to an actual reduction in pain consistent 
with a placebo analgesic response. Colloca et al assessed 
the effect of verbal suggestion alone in one group and 
reinforced suggestion (i.e. conditioning) in a second 
group, whereby the intensity of the laser stimulus was 
surreptitiously turned down after bland cream applica-
tion. Only significant reduction in pain was produced 
by reinforced suggestion. Interestingly, the LEP (N2/P2) 
was significantly reduced in both groups but this was 
only associated with pain reduction in the group who 
were exposed to reinforced suggestion. This provides 
evidence that learning in the context of experience of 
pain reduction is a more powerful mediator of placebo 
analgesia than learning from verbal suggestion alone.

One crucial question is: does attention influence placebo 
responses? ‘Attention’ is a broad concept that includes a 
number of processes and ways of classifying these pro-
cesses. A key example is the dual-processing theory of 
Schneider and Shiffrin43,44 in which a distinction is made 
between automatic and controlled processing. Automatic 
processing is fast, parallel, and not limited by short-term 
memory, while controlled processing allows little subjec-
tive control and requires extensive and consistent train-
ing to develop. This is an important distinction in relation 
to the model of placebo (Fig. 5.2), as it may be the case 
that only automatic processes of attention interact with 
pain expectancy. For example, work by Buhle et al45 has 
usefully established that controlled processes of attention 
are additive rather than interactive with placebo anal-
gesia, suggesting that controlled attentional processes 
are not required for a placebo response. In their paper, 
Buhle et al describe using a cognitive distraction task (the 
n-back task) that requires working (short-term) memory, 
and is therefore an example of controlled attention.

Going back to the study by Colloca,36 automatic pro-
cesses of attention may have been a factor in the results, 
in that the suggestion-alone group were less certain and 
(according to the Bayesian model) would have allocated 
greater attentional resources to nociceptive process-
ing to resolve this uncertainty, compared to the group 
exposed to reinforced suggestion. As such, changes in 
attentional processing may partially explain a degree 
of variance in the LEPs that was not present under the 
more certain conditions induced by reinforcement. This 
hypothesis could be tested using measurement of antic-
ipatory processing (SPN) and source reconstruction to 
identify whether there were any differences in atten-
tional processing regions, but behavioral experiments 
that assess automatic attentional processes may also be 
required.
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CONCLUSION

EEG provides the means to understand some of the 
variability in placebo response, and the mechanisms 
behind this variability. It provides a relatively cost-
effective way of monitoring some key components of 
placebo response and the role of psychologic traits and 
phenotypes in modifying these components. So far, we 
have learnt that expectations drive pain perception in a 
way that is consistent with a Bayesian model. Within this 
model, more certain expectation (as a result of percep-
tions of pain reduction cues being reliable) weights pain 
perception towards prior experience and beliefs, while 
uncertain expectation promotes learning by increasing 
attention towards nociceptive processing. Studies have 
begun to study these mechanisms in relation to placebo 
analgesia, showing reduction of anticipatory processing 
(SPN) and related psychologic factors such as anxiety, 
leading to a reduction in LEP amplitudes consistent with 
a true physiologic response. Recent work to differenti-
ate the effects of verbal expectancies and conditioning on 
these responses is a promising example of the use of EEG 
for interrogating the mechanisms of placebo analgesia. 

However, more work is required to further refine our 
current cognitive model of placebo analgesia. In particu-
lar, research should focus on (1) the role of anticipatory 
reward processing, (2) whether anxiety reduction is a 
necessary mediator of expectancy effects, (3) whether 
there are distinct neuronal mechanisms related to con-
ditioning effects or whether these simply act to reinforce 
expectations of pain relief, and (4) the possible role of 
attention in explaining physiologic differences between 
verbal expectancy and conditioning (reinforcement) 
mechanisms.
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INTRODUCTION

The outcomes of an inactive treatment that mimics 
the effect of a real treatment are called placebo or nocebo 
effects. The placebo effect defines the positive response 
of a subject to a substance or to any procedure that has no 
therapeutic effect for the treated condition.1 More specif-
ically, this effect can be defined by the physiologic and/
or psychologic changes, such as a reduction of pain asso-
ciated with the use of an inert medication, a simulated 
therapeutic procedure or a meeting with therapeutic 
symbols. The nocebo effect is the appearance of adverse 
effects accompanying the use of an inert substance. Pla-
cebo and nocebo responses can be present without the 
administration of an inert substance, such as when you 
have just received a diagnosis or when you are warned 
of an upcoming particularly painful stimulus.2

The least we can say is that these effects are frequently 
perceived as mysterious or questionable by the care-
giver and the patient. The care-giver may interpret these 
responses to an inactive treatment as the proof of the 
absence of a real pathology, while the patient may feel 
that the caregiver has fooled him/her and perceives his/
her response as a psychologic weakness. These impres-
sions about the placebo response are probably based on 
the fact that most people are seeing the placebo effect as 
a mere reinterpretation of the patient’s perception, like 
the impression that the pain is now reduced or has just 
disappeared while, in fact, it is exactly the same. Physi-
ologically, this point of view on the placebo mechanisms 
will be described as a purely cortical effect.

The reality is a little more complex than that. As 
described in the other chapters of this book, the placebo 
response is clearly triggering cortical changes that sev-
eral good laboratories are recording. However, this effect 
is not restricted to the cortex and will influence the rest 
of the central nervous system (CNS), from the cortex to 
the spinal cord.

In this chapter, I concentrate on how the placebo and 
nocebo mechanisms are closely linked to endogenous 
pain modulation mechanisms and how placebo analge-
sia or nocebo hyperalgesia acts through brainstem and 
spinal facilitatory and inhibitory mechanisms.

PAIN AND PLACEBO HAVE DYNAMIC 
INTERACTIONS

To better appreciate the mechanisms and the clini-
cal implications of the placebo and nocebo responses in 
pain, we need to understand the basic neurophysiology 
of the development and persistence of pain.

Pain is a complex phenomenon playing a major role in 
protecting us from injury or illness. The pain signal needs 
to be clear and emotionally salient for an individual to 
act rapidly and adequately to get away from the nocicep-
tive source and take care of the injury. However, in some 
conditions, the nociceptive signals have to be temporar-
ily silenced to focus on actions required to reduce further 
harm and thus, increasing chances of survival.

The pain perceived following a nociceptive stimulus 
would then be completely different depending on the 
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context and situation. To avoid an injury, the CNS needs 
to be able to rapidly encode the localization and intensity 
of a nociceptive stimulus. However, the nervous system 
also needs to be able to ignore pain in other situations, 
such as getting out of a car on fire after an accident, even 
if you have fractures or lacerations. It is most likely for 
these reasons that the CNS has developed several com-
plex endogenous facilitatory and inhibitory mechanisms 
that can either emphasize or reduce the perception of 
pain following a nociceptive stimulus depending on the 
circumstances.

Nociceptive afferents can be modulated at all levels 
from periphery to higher CNS centers. Because of the 
dynamic and plastic characteristics of the nervous sys-
tem, pain perception is not the sole result of the nocicep-
tive activity, but the endpoint of complex facilitatory and 
inhibitory endogenous pain modulation mechanisms. 
This plasticity speaks to the nervous system’s ability to 
adapt and change. It is then not surprising that the eti-
ology of pain of two patients suffering from apparently 
similar clinical conditions may be related to different 
mechanisms such as increased facilitatory mechanisms in 
one case and a reduction of endogenous pain inhibitory 
mechanisms in the other case. As we will see, the placebo 
and nocebo responses modulate the nociceptive activity 
and pain responses by acting through these mechanisms.

To better understand the link between pain and  
placebo mechanisms, we have to study the nociceptive 
signal from the periphery to the higher centers of the 
CNS, but we also need to understand the descending 
pain modulation controls arising from the higher centers 
and projecting to the spinal cord.

Based on our knowledge of the neurophysiology of 
pain, we can conclude that the development, maintenance 
and recovery from pain depend on several factors. Persis-
tent pain can result from the activity of nociceptive affer-
ents, but it can also be related to a reduction of endogenous 
inhibition and/or an increase of endogenous facilitatory 
mechanisms. Central sensitization supports the impor-
tance of endogenous pain facilitatory circuitry in the devel-
opment and maintenance of pain. The facilitatory and 
inhibitory roles on pain modulation played by different 
structures of the brainstem have been well documented.3–5

In order to better understand the effects of placebo on 
descending facilitatory and inhibitory mechanisms and 
on the spinal nociceptive activity, we will shortly review 
some of these pain modulatory mechanisms.

FACILITATORY MECHANISMS

Spinal Sensitization

Central sensitization refers to a phenomenon whereby 
the second neuron membrane permeability changes and 

responds at higher frequency when recruited by noci-
ceptive (hyperalgesia) and non-nociceptive primary 
input (allodynia). Central sensitization is defined as an 
increase of excitability and spontaneous discharge of the 
dorsal horn neurons with an associated increase in the 
receptive field of these neurons. This phenomenon will 
principally affect the wide dynamic range (WDR) neu-
rons from the dorsal horn and is dependent on the activ-
ity of the N-methyl-D-aspartate (NMDA) receptors.6,7 
These neurophysiologic and neurochemical mechanisms 
involved in central sensitization are responsible for the 
modification of the spinal nociceptive circuitry and con-
tribute to the maintenance of pain.

In the spinal cord, secondary hyperalgesia is a phe-
nomenon that refers to sensitization.8 Repeated recruit-
ment of C fibers following an injury will produce 
central sensitization by changing the response proper-
ties of the membrane of secondary neurons. This will 
result in an increase of the firing rate, a phenomenon 
known as windup.9 The high frequency recruitment of 
C fibers, either by increased repetitive stimuli or by a 
tonic stimulation,10 will then induce an increase in the 
perceived pain, even if the intensity of the stimulation 
remains constant. This central sensitization at the spinal 
level can persist for minutes, but can also be present for 
hours and even days.11 The prolonged activation of the 
NMDA receptors will induce the transcription of rapidly 
expressed genes (c-fos, c-jun), resulting in sensitization 
of nociceptors. This neuronal plasticity of the secondary 
neuron will result in a reduced threshold and enlarge-
ment of their receptive field in the spinal cord and pro-
duce hyperalgesic and allodynic responses that may 
persist even after the injury is healed.

Descending Facilitatory Mechanisms

It is now well documented that several supraspinal 
facilitatory and inhibitory mechanisms play a major role 
in pain perception and most probably in certain chronic 
pain conditions.12 The work of Fields describing acti-
vation of ‘ON’ cells and inhibition of ‘OFF’ cells in the 
brainstem during nociceptive activity has demonstrated 
the importance of facilitatory mechanisms in amplify-
ing the nociceptive response.13 Considering that proglu-
mide, an antagonist of cholecystokinin (CCK), blocked 
nocebo hyperalgesia,14 and that CCK directly activates 
‘ON’ cells,15 it is possible that the hyperalgesia reported 
during the nocebo effect depends on these excitatory 
bulbospinal circuits that facilitate spinal nociceptive 
activity.

Recent studies have also demonstrated that certain 
physiologic conditions, such as nociceptive hyperactiv-
ity, may change the usual neuronal response to specific 
neurotransmitters. A particular example is the hyperal-
gesic effect that can be observed in some patients using 
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opioid medications.16 Therefore, drugs with opioid 
activity could, under certain circumstances, produce 
a completely opposite effect and enhance pain by pro-
ducing hyperalgesic responses.16,17 The same is also 
true for gamma-aminobutyric acid (GABA) that has 
been clearly identified as an inhibitory neurotransmit-
ter, but in certain conditions may cause depolarization 
of neurons.18 These observations support the concept of 
pain as a dynamic phenomenon. An understanding of 
these complex mechanisms can help explain the clini-
cal variability of response to treatments in patients with 
chronic pain.

Placebo and Nocebo Effects on Facilitatory 
Mechanisms

As we have just seen, both spinal and supraspinal 
facilitatory mechanisms are responsible for the increase 
in pain perception by the recruitment of endogenous 
pain facilitatory mechanisms. We will now examine how 
nocebo responses are closely linked to these endogenous 
pain modulation mechanisms.

As previously described, a CCK antagonist, pro-
glumide, is capable of blocking the nocebo response.2 
Interestingly, the pronociceptive effects of CCK act on 
descending facilitatory mechanisms by activating ON 
cells in the brainstem that will send facilitatory nocicep-
tive efferences to the spinal cord.15 These results suggest 
that the nocebo response is related to the triggering of a 
brainstem–spinal cord circuitry rather than only a corti-
cal reappraisal of the nociceptive input. This suggestion 
is reinforced by a study demonstrating that the pronoci-
ceptive effect of CCK could also be related to an inhibi-
tory effect of CCK on the GABA inhibitory interneurons 
in the spinal cord.19

In order to see whether placebo was acting at the spi-
nal level rather than only at the cortical level, Matre and 
colleague induced mechanical hyperalgesia by applying 
a 5-minute thermal nociceptive stimulus.20 They found 
that the territory of mechanical hyperalgesia and allo-
dynia was significantly reduced during the placebo ses-
sion as compared to the control session, suggesting that 
the placebo effect was spinal, because secondary hyper-
algesia (outside the stimulation territory) is a spinal sen-
sitization phenomenon.

In a recent study, Peterson and colleagues demon-
strated that a placebo manipulation was able to reduce 
hyperalgesia in patients suffering from neuropathic 
pain.21 Nineteen patients who had developed neuro-
pathic pain after thoracotomy received open or hidden 
lidocaine for their pain. The open administration session 
reduced significantly more the area of pinprick hyperal-
gesia than did the hidden session, suggesting that psy-
chologic factors related to the consciousness of receiving 
the treatment had an effect on central sensitization.

The most direct demonstration of a placebo effect 
at the spinal level comes from Eippert and colleagues 
who performed functional magnetic resonance imaging 
(fMRI) of the brainstem and spinal cord to painful stim-
uli before and after applying a placebo cream. The sub-
jects had previously been conditioned to believe that the 
cream was a strong analgesic by reducing the nocicep-
tive stimulus after the application.22 They found that the 
pain rating and spinal activity recorded by fMRI were 
significantly reduced under the placebo condition.

It is well documented that negative emotions, expec-
tation or conditioning that result from a nocebo response 
trigger activity from the prefrontal cortex (ventrolateral 
PFC – vlPFC; ventral-medial PFC – vmPFC) that will 
recruit descending facilitatory mechanisms from the 
brainstem (rostroventral medulla – RVM).23–25 Consider-
ing that descending facilitatory mechanisms may play an 
important role in some chronic pain conditions,2,23,26,27 
we can then conclude that context, situations and con-
ditioning that trigger nocebo responses may activate 
descending facilitatory mechanisms and spinal changes 
that will play a role in pain chronification.

INHIBITORY MECHANISMS

As we have just seen, descending facilitation can play 
a major role in hyperalgesia and can be implicated in 
the development and persistence of chronic pain. How-
ever, a reduction in endogenous pain inhibitory mecha-
nisms can also play a role in pain, even in some chronic 
pain conditions.28–30 In order to better understand the 
role of endogenous pain inhibitory mechanisms in 
the development and treatment of pain, we will intro-
duce three levels of modulation in the CNS (Fig. 6.1): 
(1) spinal mechanisms producing localized analgesia; 
(2) descending inhibitory mechanisms from the brain-
stem  producing diffuse inhibition; and (3) higher center 
effects that will either modulate descending mechanisms 
or change the perception of pain by reinterpreting the 
nociceptive signal.

Spinal Mechanisms

Since the proposal of the gate control theory by  
Melzack and Wall,31 the modulation of nociceptive 
afferents at their entry into the spinal cord has been 
well documented. The gate control theory hypothesizes 
that, amongst other mechanisms, selective activation of 
non-nociceptive afferent Aβ fibers will recruit inhibi-
tory interneurons in the substantia gelatinosa of the 
posterior spinal cord, producing a localized analgesia 
and decreasing pain perception. In contrast, in certain 
neuropathic pain conditions, the nociceptive secondary 
projection neurons will be recruited by non-nociceptive 
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afferent Aß fibers to transmit a pain signal following an 
innocuous stimulation, a phenomenon known as allo-
dynia. Certain pain conditions may also result from a 
reduced efficacy of tonic inhibitory controls within the 
spinal cord.32,33

Diffuse Noxious Inhibitory Controls

A few years after the gate control theory was pro-
posed in 1965, Reynolds demonstrated that the stimula-
tion of the periaqueductal gray (PAG) produced a strong 
inhibition of nociceptive activity.34 The role of the ros-
troventral medulla in the modulation of pain has since 
been well documented.9,35 Regions such as the PAG and 
the nucleus raphe magnus (NRM) have been identified 
as important serotonergic and noradrenergic descending 
inhibitory pathways. These inhibitory pathways then 
recruit enkephalinergic interneurons in the spinal cord 
to produce the analgesic response.

We had to wait until the end of the 1970s before a model 
known as diffuse noxious inhibitory control (DNIC) was 
proposed.4,36 This model is based on the observation that 
a localized nociceptive stimulation can produce a diffuse 
analgesic effect over the rest of the body, an analgesic 
approach known as counter-irritation. In the DNIC model, 
Le Bars (1979) proposed that a nociceptive stimulus would 
send input to higher centers, but would also send affer-
ences to the PAG and NRM of the brainstem, recruiting 
inhibitory output at multiple levels of the spinal cord.

Animal studies demonstrate that a lesion in the dor-
solateral funiculus, the main descending inhibitory 
pathway, will produce hyperalgesia, suggesting the 
existence of a tonic descending inhibition under normal 
conditions.37,38 Certain clinical conditions are related to 
a deficit of endogenous pain inhibition. For example, the 
low concentration of serotonin and noradrenaline in the 
cerebrospinal fluid of patients suffering from fibromy-
algia (FM)39 suggests a deficit of DNIC, with increasing 
evidence corroborated by other studies.28,30,40–43

Documenting the role of descending inhibitory mecha-
nisms will help us to better understand certain chronic 
pain conditions, such as FM. It will also help towards 
understanding the mechanism of action of pharmaco-
logic approaches, such as the use of antidepressants in 
chronic pain conditions by enhancing DNIC efficacy by 
their serotonergic and noradrenergic activity. Moreover, 
the deficit of DNIC (conditioned pain modulation – CPM) 
seems to be a good predictor of the response to these 
classes of medication.44

Control of Higher Centers

There has been an increased appreciation of the role 
of supraspinal centers in pain and pain modulation in 
recent years. Several cortical regions receive input from 
the spinothalamic tract and interact to produce the mul-
tidimensional experience of pain perception.45 The use 
of brain-imaging techniques has shown robust activa-
tion of certain cortical regions, including the primary 
and secondary somatosensory cortices, related to the 
sensory aspect of pain, and the anterior cingulate cortex 
(ACC) and insular cortex (IC) for the affective compo-
nent of the pain experience.46

There is no doubt that cognitive manipulations, such 
as distraction, hypnosis and expectation influence pain 
perception.47 Hypnosis has been demonstrated to change 
both the sensory and affective component of pain per-
ception. Subjects given the same nociceptive stimulus 
perceived both intensity and unpleasantness of pain dif-
ferently depending upon the suggestion given.48 Using 
positron emission tomography (PET) to obtain brain activ-
ity images, activity of the primary somatosensory cortex 
was proportional to the perceived intensity of pain,49 
whereas cingulate cortex activity reflected unpleasantness 

FIGURE 6.1 A schematic representation of the three main levels of 
endogenous pain modulation: (1) spinal inhibitory mechanisms, (2) 
inhibitory mechanisms descending from the brainstem, and (3) inhibi-
tory mechanisms descending from higher centers. As described in the 
text, placebo and nocebo responses act by modulating these mecha-
nisms and changing the spinal cord response to nociceptive activity. 
This figure is reproduced in color in the color section.
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of pain.50 These data confirm that simple analgesic or 
hyperalgesic suggestions can change the activity of spe-
cific brain regions related to pain perception.23,51

Placebo Effects on Inhibitory Mechanisms

Pain not only arises from an increase in facilitatory 
mechanisms but also from a decrease in inhibitory mech-
anisms – just like the balance between the sympathetic 
and parasympathetic systems gives an accurate control 
of the autonomic nervous system.

Conditioning and expectation are two important fac-
tors in inducing placebo and nocebo responses.51,52 In 
the next examples, we will see how being exposed to an 
ineffective procedure can reduce or totally block the sub-
sequent treatment with a similar procedure. The second 
example will demonstrate how the efficacy of a treat-
ment can be significantly reduced by the sole expecta-
tion of negative outcomes.

Effect of Conditioning on TENS Analgesia: Spinal 
Mechanisms and Nocebo Response

Transcutaneous electrical nerve stimulation (TENS) 
is an analgesic procedure that consists of a stimulation 
of non-nociceptive afferences by high-frequency, low-
intensity electrical stimulations. The inhibition of pain 
through the stimulation of non-nociceptive afferents pri-
marily comes under the gate control theory,31 according 
to which the selective recruitment of non-nociceptive 
afferents (Aβ) inhibits nociceptive afferents (A∂ and C) 
by the activation of inhibitory interneurons in the sub-
stantia gelatinosa of the posterior horns of the spinal 
cord. In order to explore the possible contribution of 
the opioidergic component in TENS analgesia an opioi-
dergic antagonist with high mu opioid receptor affinity, 
naloxone, was used. Healthy subjects were randomly 
assigned in a double-blind, crossover design to one of 

the following conditions: (1) high dose of naloxone  
(0.14 mg kg−1), (2) low dose of naloxone (0.02 mg kg−1) 
and (3) saline (0.9% NaCl). We found that this type 
of TENS was indeed blocked by the highest dose of  
naloxone, suggesting that previous studies that sup-
ported a non-opioidergic mechanism only blocked  
mu opioid receptors with their low dose of naloxone.53

However, the most interesting part of this project 
for this chapter was the negative effect that condition-
ing could do to this type of spinal analgesia. In order 
to have a strong scientific design, we randomized the 
three injections: naloxone high-dose, naloxone low-dose 
and saline. All the subjects knew that they had an equal 
chance to receive any order of the tested drugs. Interest-
ingly, we found that when the saline condition (TENS 
without the antagonist naloxone) was presented at the 
first session, the analgesic effect was the strongest. How-
ever, the efficacy of TENS was significantly reduced if 
it was presented after a first session with naloxone and 
was almost totally blocked after two sessions of nalox-
one, suggesting an important order effect.

Even if the subject knew that it was possible that the 
first two sessions could be the naloxone sessions, the prior 
exposition to ineffective treatments significantly reduced 
subsequent treatment efficacy. Since high-frequency, 
low-intensity TENS produces its analgesia in the spinal 
cord,54,55 this suggests that the negative conditioning 
effect was a spinal nocebo effect (Fig. 6.2).

Effect of Expectation on Endogenous Analgesia
In a recent study, we were able to demonstrate that 

manipulating the expectation related to an analgesic 
procedure can completely reverse the analgesic effect of 
endogenous pain modulation and the related pain expe-
rience. By suggesting that a procedure that is normally 
analgesic would produce more pain, subjects indeed 
reported more pain. Experimental pain was evoked 

FIGURE 6.2 TENS analgesia experienced during the saline condition (control condition) between participants who received (1) saline at their 
first session, (2) naloxone at their first session and saline at their second session, and (3) naloxone at their first and second sessions and saline at 
their third session. As we can see, the analgesic effect of TENS, when it was presented at the first session, showed a larger analgesic effect than the 
other participants, suggesting a negative (nocebo) conditioning of the previous naloxone sessions.
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through intermittent electrical stimulations of the left 
ankle over the retromalleolar path of the sural nerve. 
When sufficiently intense, this type of stimulation trig-
gers a nociceptive spinal withdrawal reflex (measured by 
electromyographic recordings of the knee flexor muscle) 
and somatosensory evoked potentials (SEP) (by scalp 
electroencephalographic electrodes), whose amplitude 
correlates with stimulation intensity. During immersion, 
there was a significant reduction in perceived sural nerve 
pain, reflex amplitude and SEP in patients who correctly 
expected that the immersion would have analgesic prop-
erties. On the other hand, participants who expected 
that the immersion would have pain-enhancing prop-
erties showed an increase in perceived sural nerve 
pain and a complete abolition of the normal reduction 
in reflex amplitude and SEP. Therefore, suggestion was 

able to totally block the endogenous analgesia normally 
recorded with DNIC.56 Similar results were obtained by 
another group of investigators, but with a strong exog-
enous analgesic, morphine. Morphine analgesia was 
potentiated or inhibited depending on the instruction 
that was given to the subject.57

These results support the idea that cognitive informa-
tion can modulate the efficacy of endogenous pain mod-
ulation and emphasize the importance of the patient’s 
expectations regarding analgesia (Fig. 6.3).

CONCLUSION

Pain is a complex phenomenon. On the one hand, 
it is critical to maintain our homeostatic state for our 
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survival. On the other hand, some situations need the 
pain signal to be silenced in order to concentrate and 
act adequately. Fortunately, the central nervous system 
offers complementary endogenous mechanisms that 
permit sensitization or inhibition of the nociceptive sig-
nal. By the activation of these endogenous systems we 
can either be more prone to reacting to a potentially 
harmful stimulus, or completely ignore it in order to 
concentrate on a more important aspect at the time. Psy-
chologic factors such as conditioning and expectation are 
very efficient in recruiting these facilitatory and inhibi-
tory mechanisms. This is not surprising considering that 
most often the need for these mechanisms is based on 
our appraisal of a perceived situation. Unfortunately, in 
chronic pain conditions the signal is amplified and loses 
its informative properties. In order to better understand 
the importance of the psychologic factors in pain, and 
their potential role in pain chronification, we need to bet-
ter understand their mechanisms and how they interact 
with pain treatments.

Placebo and nocebo responses are probably the 
most intriguing psychologic outcomes in pain per-
ception and treatment. Contrary to the popular belief 
that a placebo or nocebo response is only a reflection 
of psychologic reappraisal of our perception, we now 
have strong evidence that such responses are related to 
measurable changes of both facilitatory and inhibitory 
endogenous neurophysiologic mechanisms from the 
higher centers to the spinal cord. Therefore, we must 
understand that a placebo or nocebo response has the 
potential to change not only your brain,51 but also your 
spinal cord.20,56 These brain and spinal cord changes 
clearly play a role in the variability between individu-
als in response to pain treatments.58 They also partici-
pate in pain chronification.59

Placebo and nocebo are intrinsic factors that are pres-
ent in several pain conditions. They therefore must be 
studied as important factors in the development and 
treatment of pain in order to control their undesirable 
side effects, nocebo responses, and enhance the desirable 
effects, the placebo responses.
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INTRODUCTION

Pain is a subjective experience that is not invariably 
related to the amount of nociceptive input to the central 
nervous system. While a monotonic relationship between 
strength of nociceptor stimulation and perceived pain 
intensity is often observed,1,2 deviations from such a rela-
tion are just as abundant and are probably best appre-
ciated in extreme cases where a traumatic injury does 
not lead to a strong feeling of pain, as in competition or 
combat.3 Such a reduction of pain perception—although 
certainly to a lesser extent—can also be induced experi-
mentally, as for example via hypnotic suggestions,4 
expectations of reduced pain,5 or attentional distraction.6

Placebo analgesia is thus just one example of the 
impact that psychological factors can have on pain per-
ception, yet due to the pervasiveness of placebo effects in 
clinical trials, it is possibly one of the most investigated 
forms of psychological pain modulation. It has become 
clear that placebo effects in pain are determined by mul-
tiple psychological factors and rely on various different 
neurobiological mechanisms.7–14 In this chapter we look 
at one of the earliest explanations of placebo analgesia 
at the neurobiological level,15 namely, that a descending 
pain control system, which relies heavily on opioidergic 
neurotransmission and controls nociceptive processing 
already at the level of the spinal cord, contributes to pla-
cebo effects in pain.

In the following, we first give an overview of descend-
ing pain control as established in animal studies. We 
then move on to ask what evidence there is that descend-
ing control of pain underlies placebo analgesia; we focus 
on studies using functional magnetic resonance imaging 
(fMRI) of the human brain. Finally, we move away from 

the brain and, instead, look at the role of the spinal cord 
for placebo effects in the context of pain, again focusing 
on fMRI data (as well as the challenges that exist in spi-
nal fMRI).

THE ANATOMY OF DESCENDING  
PAIN CONTROL

The functional neuroanatomy of pain processing is 
not a one-way road starting in the body periphery and 
ending in the cerebral cortex; instead, it contains both 
ascending pathways (i.e. from the body periphery over 
the spinal cord to higher brain structures) and descend-
ing pathways (i.e. from higher brain structures to the 
spinal cord; Fig. 7.1). Nociceptive information from the 
body periphery reaches the central nervous system via 
primary afferents that terminate in the dorsal horn of 
the spinal cord. The main targets of nociceptive affer-
ents are the superficial laminae I and II, although some 
also synapse in the deeper laminae of the dorsal horn; 
these also play a prominent role in nociceptive process-
ing (especially lamina V and its wide-dynamic-range 
neurons). The dorsal horn contains a large number of 
inhibitory and excitatory interneurons, which allows for 
complex processing of nociceptive information. From 
the dorsal horn, nociceptive information is transmit-
ted to numerous higher regions via several ascending 
pathways to specific parts of the brainstem, midbrain, 
thalamus and hypothalamus amongst others, and even-
tually reaches the cortex. Modulation of spinal nocicep-
tive processing, i.e. a modulation at the earliest station 
of nociceptive input to the central nervous system, 
will therefore have a profound effect on subsequently 
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occurring supra-spinal processing and the resulting 
experience of pain.

The concept of a descending pain-modulating system 
was introduced by Melzack and Wall in their article on the 
gate control theory of pain,16 in which a system of supra-
spinal origin that is able to control spinal nociceptive 
processing was proposed. Consistent with this proposal, 
animal experiments highlighted that several regions, 
especially in the midbrain and brainstem, are involved 
in modulating the responses of spinal cord neurons to  
noxious stimuli and that opioidergic neurotransmission 
plays a crucial role.17–24 The core of the descending pain 
control system consists of the periaqueductal gray (PAG; 
the gray matter adjacent to the cerebral aqueduct in the 
midbrain) and the rostral ventromedial medulla (RVM; 
a functionally defined collection of nuclei that includes 
the nucleus raphe magnus and adjacent reticular nuclei). 

The PAG is reciprocally connected with the RVM, but its 
efferent projections predominate and constitute a major 
source of input for the RVM, which, in turn, projects cau-
dally to the dorsal horn of the spinal cord. While most 
previous research has concentrated on the PAG–RVM 
system, it is by no means the only system involved in 
descending pain control.24 For example, a noradrener-
gic system involving nuclei in the dorsolateral pontine 
tegmentum also contributes to modulation of spinal 
nociceptive processing,25 as do regions in the caudal 
medulla, one of which is also involved in the phenom-
enon of diffuse noxious inhibitory controls.26 While 
the focus in this chapter is on the inhibition of pain by 
descending control systems, it should not be forgotten 
that these systems have an equally important role in 
pain facilitation, as for example demonstrated in recent 
experiments.27,28

Initial evidence for the role of the PAG in pain con-
trol was obtained in experiments which showed that 
electrical stimulation of the PAG resulted in analgesia 
in rats,29,30 while leaving responses in other sensory 
modalities intact. This selective inhibitory effect on nox-
ious stimulation was later demonstrated to occur as well 
with stimulation of the human PAG31 and it was shown 
to depend on opioidergic neurotransmission as it could 
be blocked by administration of the opioid antagonist 
naloxone. This is especially interesting with regard to 
a very early study32 which showed that the PAG is one 
of the most effective sites for eliciting analgesia through 
morphine injection, see also Ref.33 However, stimulation 
of the PAG leads not only to a behaviorally observable 
analgesia, but also to selective inhibition of spinal noci-
ceptive neurons.34,35 This descending control of spinal 
nociception is mainly realized via the RVM, in line with 
the PAG’s efferent connections, which are sparse to the 
spinal cord but dense to the RVM, for which the PAG is 
a major source of input.36,37

That the RVM is a critical relay for anti-nociceptive 
impulses to flow from the PAG to the spinal cord can 
be demonstrated by lesioning or inactivating the RVM, 
which prevents the PAG from exerting its  anti-nociceptive 
effects in the dorsal horn.38,39 Similar to the PAG, there 
is a powerful analgesic effect of RVM morphine injec-
tions, and a stimulation of RVM neurons leads to anal-
gesia as well as an inhibition of neuronal responses in 
the dorsal horn.40–42 The RVM projects to the spinal cord 
via the dorsolateral funiculus,43 a lesion of which blocks 
the anti-nociceptive effects of PAG stimulation.44 A sys-
tematic description of the functional properties of RVM 
neurons with regard to nociceptive processing was first 
carried out by Fields and colleagues,45 who identified 
three classes of cell: off-cells (which stop responding just 
before a nociceptive reflex), on-cells (which show a burst 
just before a nociceptive reflex), and neutral-cells (whose 
behavior is unchanged). Opioid injection into either the 

Spinal cord

RVM

PAG rACC
Hypothalamus

FIGURE 7.1 Neuroanatomy of descending pain control. This sim-
plified diagram shows key regions involved in opioidergic descending 
pain control, as identified by both animal studies and human imaging 
studies. The endpoint of this system is the spinal cord, where nocicep-
tive processing is inhibited by projections from the RVM (blue arrow). 
The RVM in turn receives a substantial input from the PAG, which is 
innervated by the hypothalamus as well as medial prefrontal regions 
(red arrows). Note that several connections (such as reciprocal ones) 
are omitted for the sake of clarity and that several non-midline regions 
(such as the amygdala) are not depicted. The sagittal T1-weighted 
brain section stems from the MNI152 brain, whereas the transversal 
T2*-weighted spinal cord section stems from a recent spinal cord study 
(Eippert et al, unpublished data). PAG: periaqueductal gray; rACC: 
rostral anterior cingulate cortex; RVM: rostral ventromedial medulla. 
This figure is reproduced in color in the color section.
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PAG or RVM leads to behavioral anti-nociceptive effects 
that are paralleld by an activation of off-cells and an inhi-
bition of on-cells,46 both of which show projections to 
the spinal cord.47 Importantly though, it is the activation 
of OFF-cells that supports the anti-nociceptive effect of 
opioids46,48 (although recent experimental evidence sug-
gests a somewhat different perspective49). Note that neu-
rons with similar functional properties are also found in 
other structures of the descending circuit, such as the 
PAG.50

The modulatory effects of RVM projections to the 
dorsal horn of the spinal cord occur most prominently 
in layers I, II and V, which is also where the projections 
of ON- and OFF-cells terminate.51,52 There are several 
distinct ways in which nociceptive information transfer 
can be modulated in the dorsal horn21: (a) inhibition of 
primary afferents at the presynaptic terminals, (b) inhi-
bition of excitatory interneurons that relay information 
from primary afferents to projection neurons, (c) excita-
tion of inhibitory interneurons that could inhibit both 
primary afferents and excitatory interneurons, and (d) 
direct postsynaptic inhibition of ascending projection 
neurons. Obviously, each of these possibilities will differ 
in the pharmacological mediators that are involved, and 
a large number of neurotransmitters have been impli-
cated in the descending modulation of spinal nocicep-
tion, such as opioids, serotonin, noradrenalin, GABA 
and glycine.19,53

The inputs to the PAG–RVM system are numerous. 
While both regions receive afferents from the spinal 
cord,54 and could thus be engaged by noxious stimuli 
alone, they are also extensively innervated by more 
rostral structures, with the strongest input to the PAG 
originating from the hypothalamus.55 This input is 
highly relevant for descending inhibition, as hypotha-
lamic activation leads to an inhibition of spinal nocicep-
tive neurons56 as well as an anti-nociceptive effect that 
is mediated by projections from the hypothalamus to 
the PAG–RVM system.57 Another important subcorti-
cal input to the PAG arises from the amygdala.58 Simi-
lar to the hypothalamus, this projection is functionally 
relevant, as opioid administration leads to amygdala-
mediated anti-nociceptive effects,59 for which the integ-
rity of the PAG–RVM pathway is paramount.60 Finally, 
the PAG receives a significant number of afferents from 
cortical regions, with medial prefrontal regions (which 
also project to the hypothalamus) having received the 
greatest interest.61–64 With regard to the pharmacology 
of descending pain control, it is interesting to note that 
opioid receptors are present in all of the aforementioned 
regions, and that there are opioid-dependent links 
between them.65

The PAG–RVM system is thus optimally situated to 
integrate ascending nociceptive information with that 
provided by more rostral regions that are known to 

be involved in homeostatic and emotional processes. 
Along these lines, it has been suggested that the opioi-
dergic PAG–RVM system might be a major anatomical 
substrate via which emotional and cognitive variables 
influence nociceptive processing. A large amount of 
animal research has shown that pain inhibition occurs 
in a variety of situations, with the most prominent 
example being stress-induced analgesia (stress being 
usually induced by footshocks). While stress-induced 
analgesia can also be mediated by nonopioid mecha-
nisms, a strong opioigergical component is evident 
and has been demonstrated to rely on the PAG–RVM 
system.66 However, analgesia can be induced not only 
by stimuli that are inherently stressful or aversive, but 
also by stimuli that are predictive of such stimulation, 
as demonstrated by the phenomenon of conditioned 
analgesia.67 The acquisition of conditioned fear leads 
to an analgesic state and an inhibition of spinal noci-
ceptive processing,68 which is mediated by an opioid-
dependent engagement of the PAG–RVM system via 
the amygdala,69–71 a structure that plays a central role 
in conditioned fear. Inhibition of nociceptive process-
ing is observed not only during situations that can be 
classified as aversive, but also during behaviors essen-
tial for survival, such as micturition and feeding.72,73 
Going even further, pain is also inhibited in appetitive 
states, e.g. when animals are presented with sucrose or 
sucrose-predictive cues.74,75 One prominent branch of 
theories that aims to explain these divergent findings 
rests on the idea of prioritizing conflicting motivations, 
as suggested by Bolles and Fanselow,76 Fanselow,77 
and Fields.20,78 According to these theories, pain can 
be considered as a motivational state that often occurs 
concurrently with other motivational states. As an ani-
mal has a limited set of behaviors that can be carried 
out at the same time, a decision has to be made which 
motivational state is given priority and thus allowed to 
drive behavior. In some circumstances, it will be clearly 
beneficial for the animal if pain-related behavior is 
inhibited. It is in these states that the PAG–RVM system 
exerts its inhibitory influences on nociceptive process-
ing (note, however, that the reverse is also true: in some 
circumstances (such as illness), nociceptive processing 
should be prioritized in order to allow for recupera-
tion). With regard to studies in humans, the results of 
the above-mentioned animal studies in the aversive 
domain have been partly replicated (stress-induced 
analgesia79,80 and conditioned analgesia81). Interest-
ingly, placebo analgesia has many ties to reward pro-
cessing,82–84 and a placebo can even be considered as 
a reward-predicting cue, because it implies subsequent 
pain relief, which is rewarding in the context of pain.20 
This leads to the question of whether the descending 
pain control system is also engaged during the pain-
modulatory phenomenon of placebo analgesia.
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DESCENDING CONTROL IN  
PLACEBO ANALGESIA

Behavioral Studies

Levine and colleagues provided the first neuro-
pharmacological exploration of the placebo analgesic 
effect and were also the first to suggest that an opioid-
dependent system of descending pain control might be 
involved in placebo analgesia.15 Using a model of post-
operative pain, they were able to show that the opioid 
antagonist naloxone blocks placebo analgesia, suggest-
ing that endogenous opioids play a major role in the 
generation of placebo analgesic effects. While this semi-
nal study has initially been criticized on the grounds 
of experimental design and data analysis,85–87 it paved 
the way for subsequent investigations that showed a 
significantly decreased placebo analgesic effect under 
naloxone in both experimental and clinical pain mod-
els.88–90 Note, however, that two other early studies  
investigating opioidergic involvement in placebo anal-
gesia showed that placebo effects can occur despite a 
naloxone-induced blockade of the opioid system in both 
clinical91 and experimental pain models,92 which hints at 
the existence of multiple mechanisms for the generation 
of placebo analgesia; these early studies are reviewed 
in detail elsewhere.93–95 The specific contributions of 
endogenous opioids to placebo analgesia were investi-
gated in much more detail in an elegant series of stud-
ies by Benedetti and colleagues. Of particular interest for 
the present discussion is a study in which these authors 
induced somatotopically specific placebo effects, which 
could be antagonized by systemic naloxone administra-
tion,96 indicating that endogenous opioids can act very 
selectively. In line with these data, there is evidence 
(though far from unequivocal97) that descending con-
trol mechanisms can indeed exert their effects in a crude 
form of somatotopy.97,98

While the above-mentioned behavioral studies pro-
vided significant evidence for opioidergic underpin-
nings of placebo analgesic effects (thereby also showing 
that placebo analgesia is far more than altered reporting 
behavior), they did not directly investigate the neurobio-
logical mechanisms (i.e. the involvement and interplay 
of different brain regions) that underlie placebo analge-
sia. To this end, and to thus determine whether there is 
evidence for involvement of the PAG–RVM descending 
pain control system in placebo analgesia, we now turn to 
neuroimaging studies.

Neuroimaging Studies

The investigation of placebo analgesia with neuroim-
aging techniques began with a seminal positron emission 
tomography (PET) study by Petrovic and colleagues.99 

The authors were able to show that—in an experimen-
tal pain setting—placebo and opioid analgesia (the latter 
being induced by administration of the μ-opioid agonist 
remifentanil) activated overlapping brain regions, sug-
gestive of a shared underlying neural mechanism. More 
specifically, both conditions (in comparison to a control 
condition of pain only) showed a significant activa-
tion of the rostral part of the anterior cingulate cortex 
(rACC)—a region that has a high concentration of opi-
oid receptors100,101 and is strongly activated by opioid 
agonists,102,103—as well as an enhanced correlation of the 
response in rACC with responses in the brainstem (pons 
and PAG). Obviously these data are only of correlative 
nature, but they hint at the possibility that placebo anal-
gesia involves an activation of the opioid-dependent 
descending pain control system in the brainstem via the 
rACC, which is in agreement with the PAG’s afferent 
connectivity.61,62

Should descending pain control indeed play a role 
in placebo analgesia, one would expect subcortical and 
cortical brain areas involved in processing painful stim-
uli2,104 to show reduced responses under placebo analge-
sia (due to the inhibition of ascending nociceptive traffic 
that occurs at the level of the spinal cord). While Petro-
vic and colleagues did not report any such data, later 
functional magnetic resonance imaging (fMRI) experi-
ments by Wager et al105 provided the first hints that 
such a mechanism might indeed be involved in placebo 
analgesia: they observed that several pain-responsive 
regions—including the thalamus, the secondary somato-
sensory cortex (SII), the insula, and a dorsal part of the 
anterior cingulate cortex—either showed reduced BOLD 
responses to painful stimulation under placebo or cor-
related with the reported pain reduction under placebo. 
Several other studies have replicated this effect of pla-
cebo-induced reductions in activation of pain-process-
ing regions,106–115 adding weight to the suggestion that 
this might be an important underlying mechanism (see 
also Figure 2 in Meissner et al14 and Amanzio et al116 for 
an aggregation of results across studies). Nevertheless, it 
is important to note that the extent of placebo-induced 
reductions varies strongly across studies and that not all 
studies observe such a pattern of responses,117 indicat-
ing that inhibition of ascending nociceptive traffic is not 
the only explanation for placebo effects in pain and that 
these effects are likely configured via multiple neurobio-
logical mechanisms.

Following up on the findings of Petrovic et al,99 Wager 
and colleagues105 also investigated whether regions 
of the descending pain control system would show 
enhanced activation under the placebo condition. Sup-
porting this idea, they observed that a midbrain region 
in the vicinity of the PAG showed enhanced responses 
under the placebo condition already during the antici-
pation of painful stimuli. Responses in this region 
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furthermore correlated with pain-anticipatory responses 
under placebo in dorsolateral prefrontal cortex (dlPFC), 
a region that is heavily involved in executive functions 
and general top-down control influencing behavior and 
neural processing in multiple modalities.118,119 Perhaps 
most importantly, they could show that the anticipatory 
responses in PAG and dlPFC correlated with the behav-
ioral index of placebo analgesia (reduction in pain rat-
ings), as well as with the later occurring placebo-induced 
reduction of BOLD responses in several pain-processing 
regions, such as the thalamus. Following these findings, 
placebo-enhanced responses in rACC107,108,110,113,117,120 
and dlPFC108,110,112,113,117,120 have been found consistently 
across studies both during anticipation of pain and dur-
ing painful stimulation itself (sometimes correlating with 
the strength of the placebo effect), although other regions 
are also frequently found in the same analysis (e.g. ante-
rior insula, ventrolateral prefrontal cortex, as well as 
orbitofrontal and parietal regions); note, however, that 
the locations designated as ‘rACC’ vary considerably 
across studies,121 raising the possibility that responses 
of these regions might actually tap into different mecha-
nisms. A study by Bingel et al107 is especially interesting 
as these authors were able to show that, under placebo, 
there is a stronger coupling between the rACC (subgen-
ual part) and subcortical structures important for anti-
nociception, such as the amygdala and PAG. In contrast 
to the earlier studies,99,105 which showed correlations 
between cingulo-prefrontal regions and PAG across sub-
jects, this study demonstrated such correlations within  
subjects, i.e. based on the actual neurophysiological 
timecourses of each region.

While all these results are consistent with an involve-
ment of opioid-dependent descending pain control, they 
provide only indirect evidence as they have no pharma-
cological specificity and thus cannot ascertain whether 
any of the described effects are indeed caused by opi-
oids. In contrast to this, PET imaging studies using the 
μ-opioid receptor binding tracer [11C]carfentanil122–124 
were able to show enhanced opioid release during pla-
cebo analgesia in dlPFC, rACC, amygdala and PAG, 
thus significantly adding to the fMRI results by means 
of neurochemical specificity and allowing some mech-
anistic insight into how opioids contribute to placebo 
analgesia (which the earlier pharmacological challenge 
studies15,88–90 were not able to do).

Pharmacological fMRI and Placebo Analgesia

The two strands of neuroimaging research men-
tioned so far—fMRI and PET studies showing reduced 
hemodynamic responses in pain-processing regions 
as well as increased hemodynamic responses in puta-
tive ‘pain modulatory’ regions, and μ-opioid selective 
tracer PET studies showing increased opioid release in 

‘pain  modulatory’ regions—clearly hint at the involve-
ment of the opioidergic descending pain control system. 
However, a critical test would actually require (a) that 
one observes decreased responses in pain-processing 
regions under placebo analgesia concomitant with 
increased responses in core regions of the descending 
pain control system (amygdala, hypothalamus, PAG, 
RVM), and (b) that one can assign both of these effects 
to be opioid-dependent by challenging this system with 
an opioid antagonist, which should not only disrupt 
behavioral placebo effects but also both of the afore-
mentioned response patterns. Neither tracer PET nor 
standard fMRI can satisfy both of these conditions, as 
tracer PET is not informative with regard to decreases 
of neural (or hemodynamic) responses, and standard 
fMRI has no neurochemical specificity. Furthermore, 
evidence for the involvement of the lower opioid system 
in placebo analgesia was not too prominent, as only the 
PAG and the amygdala had been implicated in placebo 
analgesia,99,105,107,123–125 but not the hypothalamus or the 
RVM. As the hypothalamus significantly contributes to 
descending pain control56 (providing the major input to 
the PAG55) and the RVM directly controls spinal noci-
ception126 (mediating the  anti-nociceptive effects of the 
PAG,38 which is its major input37), one would expect 
these structures to be involved in placebo analgesia as 
well. That hypothalamus and RVM responses had not 
been reported might be partly due to the rather low spa-
tial resolution of the above-mentioned imaging studies, 
which is not optimal for investigating small midbrain/
brainstem structures.127 To address all of these issues, 
we conducted a pharmacological fMRI study128 which 
employed (a) a higher spatial resolution than previ-
ous studies, thus increasing the sensitivity for detect-
ing responses in small subcortical structures, and (b) a 
between-subjects pharmacological challenge using the 
opioid receptor antagonist naloxone, thus allowing us 
to record placebo-induced decreases in  pain-processing 
regions and increases in core regions of the descending 
pain control system, as well as assessing their opioid 
dependence at the same time.

For this study, we recruited 48 participants who were 
assigned to two groups on a double-blind basis, one 
receiving the opioid antagonist naloxone and the other 
receiving saline. The experimental paradigm we used 
(Fig. 7.2) contained both expectation and conditioning 
components and had been employed in a similar form 
by many other groups before.105,129 The experiment took 
place on two consecutive days and consisted of three 
phases: manipulation day 1, manipulation day 2, and 
test day 2. Before each phase, participants were treated 
with two identical creams on two separate areas of their 
left forearm. Participants were told that one cream was 
a highly effective pain reliever, whereas the other served 
as a sensory control. During the manipulation phases, 
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painful contact heat stimulation on the placebo-treated 
patch was surreptitiously lowered (from 80 [score on 
a visual analogue scale (VAS) from 0 (no pain) to 100 
(unbearable pain)] under control to 40 under placebo) to 
convince the participants that they had received a potent 
analgesic cream. Before the test phase started, partici-
pants either received an intravenous injection of saline 
or naloxone. fMRI data were collected only during the 
test phase, during which the strength of painful stimula-
tion was identical on both skin patches (60 on a VAS), in 
order to test for placebo effects.

We observed that the saline group (i.e. the group with 
an intact opioid system) showed a large placebo effect 
(more than 30% reduction in pain ratings), which was 
significantly smaller in the naloxone group (i.e. the group 
with a blocked opioid system; about 10% reduction). 
Importantly, naloxone selectively influenced pain ratings 
in the placebo condition, but had no effect whatsoever 
on pain ratings in the control condition. Participants in 

the saline group also tended to rate the analgesic effi-
cacy of the cream as higher when asked after the experi-
ment. While these results conceptually replicate the early 
reports of naloxone blocking placebo analgesia,15,88–90 it 
is important to remember that self-report measures of 
placebo analgesia such as pain ratings can be influenced 
by demand characteristics.130 We therefore also tested 
whether a similar pattern of responses (stronger placebo 
effects in the saline group) could be found on an auto-
nomic measure and indeed observed that skin conduc-
tance responses to the painful stimulation paralleled the 
findings in the subjective ratings: see also Ref.131. Next, 
we asked the critical question of whether the behavioral 
effect of naloxone (blockade of placebo effects) would be 
reflected in the responses of pain-processing regions, i.e. 
whether these regions would show reduced responses 
to the painful stimulation under placebo in comparison 
to control, and whether naloxone would abolish this 
 reduction. Such an effect was observed in numerous 
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FIGURE 7.2 Experimental paradigm of a pharmacological fMRI study on placebo analgesia. Participants were recruited with the understand-
ing that we were investigating the effects of a peripherally acting analgesic (‘lidocaine’ cream) on brain responses to noxious heat. The experiment 
took place on two consecutive days and consisted of three phases: manipulation day 1, manipulation day 2, and test day 2. Before each phase, 
subjects were treated with two identical creams on their left forearm and were told that one cream was a highly effective pain reliever, whereas 
the other served as sensory control. During the manipulation phases (which consisted of six trials under placebo cream and control cream, re-
spectively), painful stimulation on the placebo-treated patch was surreptitiously lowered (from 80 [score on a visual analog scale (VAS)] under 
control to 40 under placebo) to convince the subjects that they had received a potent analgesic cream and to create expectations of future pain relief 
when treated with this cream. On day 2, the manipulation phase was carried out inside the (resting) MR scanner, to reactivate and strengthen the 
expectations of pain relief in this context. Before the test phase started, subjects either received an injection of saline or naloxone. fMRI data were 
collected during the test phase, which consisted of 15 trials under each condition. Importantly, during this phase the strength of painful stimula-
tion was identical on both skin patches (60 on a VAS), in order to test for placebo analgesic effects. Note that in the spinal imaging study (see sec-
tion ‘Spinal fMRI of placebo analgesia’), we omitted the day 1 manipulation session—as subjects had participated in the previous study—and also 
did not administer any drugs. Reproduced and modified, with permission, from reference 128. This figure is reproduced in color in the color section.
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regions involved in pain processing, such as the  thalamus, 
the primary and secondary somatosensory cortices, the 
anterior cingulate cortex and the insula, as well as the 
amygdala and basal ganglia. This not only replicated 
the results of previous imaging studies105–107,109 but also 
extended these findings by demonstrating a causal role 
of opioidergic neurotransmission in their generation, and 
furthermore suggested that the disruptive effect of nal-
oxone on placebo analgesia is implemented by naloxone 
blocking the placebo-induced reduction of responses in 
pain-processing regions: but see Refs.132,133 The wide-
spread placebo-induced reductions of responses in pain-
processing regions (ranging from thalamus to primary 
somatosensory cortex) and their reversal by naloxone are 
somewhat reminiscent of effects observed under exog-
enous opiate administration102,134 and suggest that an 
inhibition of ascending traffic at the level of the spinal 
cord might be involved.

In a next step, we therefore investigated whether 
core regions of the descending pain control system, as 
revealed by animal studies (i.e. amygdala, hypothala-
mus, PAG, RVM) as well as additional cortical regions 
revealed by human imaging studies (rACC, dlPFC), 
would show enhanced activation under placebo. Com-
paring placebo to control in the saline group, we indeed 
observed enhanced responses in both dlPFC and rACC, 
which were significantly weaker under naloxone. This 
integrates observations of previous fMRI studies, which 
showed enhanced hemodynamic responses in these 
regions,99,105,107,117,120 with tracer PET studies, which 
showed enhanced opioid release in these regions,122–124 
and also suggests a degree of functional relevance as 
these responses were blocked when behavioral placebo 
effects could also not be observed due to naloxone. Such 
a blockade of placebo analgesia has also been observed 
when disrupting dlPFC function via repetitive tran-
scranial magnetic stimulation135 and when assessing 
Alzheimer patients who had disrupted coupling from 
PFC to the rest of the brain,136 indicating the importance 
of prefrontal regions for placebo effects in pain.

To investigate the responses of the lower opioid sys-
tem with greater accuracy and sensitivity, we employed 
a brainstem-dedicated image processing strategy. This 
allowed us to detect placebo-induced responses in core 
regions of the descending pain control system, namely 
the hypothalamus, the PAG and the RVM (but not the 
amygdala), all of which were significantly reduced by 
naloxone (Fig. 7.3). Interestingly, the responses in the 
lower opioid system were highly correlated with the 
behavioral placebo effect in the saline group, but sig-
nificantly less in the naloxone group, indicating that 
the responses in this phylogenetically conserved sys-
tem of pain control are functionally relevant, as one 
would expect from previous stimulation studies in ani-
mals.29,57,126 While several studies had previously shown 

enhanced PAG responses under placebo,105,107,123–125 we 
were now able to show that not only the PAG, but also 
its main subcortical input, the hypothalamus,55 as well 
as its main mediator for effects on the spinal cord, the 
RVM,39 are actively involved in an opioid-dependent 
form of placebo analgesia; note that the extent of acti-
vation in the pontine region identified by Petrovic and 
colleagues99 seems to overlap with the responses in the 
RVM we observed in this study. The placebo-induced 
activation of the hypothalamus is especially interest-
ing, not only because of its substantial input to the PAG, 
but also because its stimulation has inhibitory effects on 
nociceptive processing in the spinal cord.56 Intriguingly, 
the anti-nociceptive effects of hypothalamic stimulation 
are mediated by the PAG and RVM,57 all of which were 
identified as playing a role in placebo analgesia in this 
study. These responses were furthermore all on the ipsi-
lateral to the side of painful stimulation, which is con-
sistent with observations in animal studies that show 
predominantly ipsilateral projections from both the 
hypothalamus and PAG.18,57 It is currently unclear why 
we did not observe amygdala responses under placebo 
analgesia.

Finally, we investigated the integration of the cortical 
responses and the lower opioid system. Based on ana-
tomical data from animal studies,61,62 as well as previ-
ous reports of increased co-variation between rACC 

Hypothalamus

RVM

PAG

FIGURE 7.3 Placebo-induced midbrain and brainstem responses. 
This sagittal slice shows hypothalamus, PAG and RVM responses that 
were significantly stronger under placebo than under control; the re-
sponse is overlaid on the group-averaged T1 image. Importantly, the 
responses in these key regions of descending pain control were sig-
nificantly weaker under naloxone, indicating that these responses are 
opioid-dependent. All three structures furthermore showed responses 
that were correlated with the strength of the behavioral placebo effect. 
Reproduced and modified, with permission, from reference 128. This 
figure is reproduced in color in the color section.
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and PAG under placebo99,107,123 (but see Ref.124), we 
focussed on these two regions as proxies for the corti-
cal and lower opioid system. Consistent with data from 
Bingel et al,107 we observed that the coupling of rACC 
and PAG (as estimated by within-subject time-course 
correlations) was significantly enhanced under placebo, 
but on top of that we could also demonstrate that this 
enhancement was selectively blocked by naloxone. The 
strength of rACC–PAG coupling under placebo was fur-
thermore functionally highly relevant, as it predicted 
both the strength of behavioral placebo effects as well 
as the reduction of responses to painful stimulation in 
a key pain-processing region—the secondary somato-
sensory cortex, which has previously been shown to be 
susceptible to pain modulation137—in the saline group; 
these relationships were significantly weaker in the nal-
oxone group. In analogy to these functional data, Stein 
et al138 have recently reported that estimates of struc-
tural connectivity (based on diffusion tensor imaging 
data) between rACC and PAG predicted the strength of 
placebo analgesia; it remains to be seen how these mea-
sures of functional and structural connectivity relate to 
each other.139 In a last analysis, we also observed that the 
strength of rACC–PAG coupling predicted activation 
of the RVM, which clearly relates this cortico-mesence-
phalic connectivity to a modulation of spinal processing, 
as the RVM is the final brainstem station of descending 
control and is critical for the anti-nociceptive effects of 
PAG excitation.38,39

Taken together, in this study we observed placebo-
enhanced responses in the complete hierarchy of the 
descending pain control system, suggestive of a path-
way from cortical areas to the brainstem, the activation 
of which presumably leads to an inhibition of nocicep-
tive processing in the dorsal horn of the spinal cord. 
Responses in this system were opioid-dependent and 
also predictive of  placebo-analgesic effects on the behav-
ioral and neural level. These data are not only consistent 
with previous imaging studies, but also with a rich lit-
erature on descending control from animal studies. How-
ever, several limitations of the current approach should 
also be noted. First, the pharmacological challenge of 
the endogenous opioid system via naloxone is nonspe-
cific with regard to the type of opioid receptors involved, 
because naloxone binds to all three classes of opioid 
receptors (μ, δ, and κ; note though that it has a slightly 
higher affinity for μ-opioid receptors140). While one could 
suspect—and previous tracer-PET and animal studies 
suggest—that actions at μ-opioid receptors account for 
the effects we observed, it will remain for future studies 
to tease apart the role of different opioid receptors once 
specific antagonists or tracers are developed for use in 
human participants.141 Second, it is important to keep 
in mind that the opioidergic system is only one of sev-
eral systems mediating pain modulation. For example, 

studies in experimental92,142 and clinical pain states91,143 
have shown non-opioidergic placebo effects—some of 
which are dependent on endocannabinoid signalling144—
and a reanalysis of the data by Petrovic and colleagues99 
suggests that ventrolateral prefrontal cortex activity rep-
resents non-opioidergic contributions to placebo anal-
gesia.145 Similarly, dopaminergic mechanisms have also 
been implicated in placebo analgesia,83,84,124 but it is cur-
rently not only unclear whether these findings are related 
to dopamine involvement in descending control,146 but 
also whether they have causal relevance for placebo 
analgesia, as pharmacological challenge studies of the 
dopamine system are still lacking. Third, the categoriza-
tion of areas as ‘pain responsive’ and ‘pain modulatory’ 
is a clear oversimplification: all of the subcortical areas 
we observed to be activated by the placebo condition 
(hypothalamus, PAG, RVM) receive direct input from 
the spinal cord54 and the prototypical ‘top-down control’ 
area—the dlPFC—is also responsive to pain under con-
ditions where no explicit modulation takes place. Most 
instructive in this regard is probably a finding made by 
both Wager et al105 and Watson et al,110 who noted that 
very similar parts of anterior cingulate cortex (slightly 
above and posterior to the genu of the corpus callosum) 
exhibited placebo-enhanced responses in the anticipa-
tion phase, but significant reductions under placebo dur-
ing painful stimulation, clearly calling into question the 
dichotomy of ‘pain responsive’ versus ‘pain modulatory’. 
Thus, while the current state of knowledge is clearly sug-
gestive of an involvement of the descending pain control 
system in placebo analgesia, there are obviously many 
unanswered questions.

PLACEBO ANALGESIA AND THE  
SPINAL CORD

In fMRI studies of placebo analgesia, as the ones men-
tioned above, responses in brain structures such as the 
PAG are often taken as evidence that one has observed 
activation of the descending pain control system. While 
this is certainly a worthwhile interpretation due to the 
large animal literature that demonstrated involve-
ment of these structures in descending modulation of 
pain processing, it is far from certain that responses in 
these structures can be automatically equated with a 
modulation of spinal nociceptive processing. First, PAG 
stimulation has been shown to exert supra-spinal anti-
nociceptive effects in addition to its well known spinal 
contributions,147,148 in line with ascending projections 
from the PAG.149 Second, the PAG is not only involved in 
pain modulation, but contributes to a variety of behav-
ioral processes, such as reproductive behavior, fear and 
anxiety, autonomic regulation, etc.127,150 and changes 
in some of these likely go along with pain modulation. 
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Related problems also exist for other structures: for 
example, the RVM—which is highly relevant for mediat-
ing anti-nociceptive effects at the level of the spinal cord 
via its direct projections—does not solely control noci-
ceptive processes, but also contributes substantially to 
various forms of autonomic regulation;151 similarly, the 
rACC seems to have a more general role in the modula-
tion of sensory and affective experience,152 as for exam-
ple shown in gustatory processing153 and the processing 
of emotional visual stimuli82 and its activation in placebo 
analgesia studies might thus be related to modulation of 
affective processes instead of nociception. fMRI signals 
in these regions can thus not be selectively associated 
with descending anti-nociception, and care should be 
taken when employing such reverse inference154 (but see 
Ref.155). To establish whether certain pain-modulatory 
phenomena, such as placebo analgesia, indeed employ 
descending pain control to modify spinal mechanisms, it 
is important to investigate the endpoint of the descend-
ing pain control system, i.e. the spinal cord itself, and 
several studies have attempted to do exactly this.

Behavioral Studies

The first study that investigated this issue used the 
nociceptive R-III reflex to measure modulation of spinal 
nociceptive processing156 and aimed to induce placebo 
effects by suggesting to participants that an intravenous 
injection prior to painful electrical stimulation contained 
the analgesic drug fentanyl (when it contained only 
saline). Using this expectation-based model, the authors 
did not observe a significant reduction of subjective pain 
reports under placebo (nor did they find an effect on 
the R-III reflex) and could thus not clarify the role of the 
spinal cord in placebo analgesia. In a more recent study, 
Matre et al157 used a model of secondary hyperalgesia in 
order to obtain evidence for a modulation of spinal pro-
cessing under placebo analgesia. Combining condition-
ing and expectation components in their paradigm, the 
authors were first of all able to show a significant pla-
cebo analgesic effect on the subjective level, i.e. partici-
pants rated the applied heat pain stimuli as significantly 
less intense under placebo. The authors then went on 
to assess the extent of secondary hyperalgesia—which 
develops around the site of the noxious thermal stimu-
lation—in both conditions. Importantly, the zone of sec-
ondary hyperalgesia where punctate hyperalgesia and 
stroking hyperalgesia (allodynia) could be observed was 
significantly reduced under placebo in comparison to a 
control condition. As these forms of secondary hyperal-
gesia are dependent on sensitization of neurons in the 
dorsal horn of the spinal cord, this study provided evi-
dence for the hypothesis that placebo analgesia involves 
a modulation of spinal nociceptive processing. Despite 
this striking behavioral finding (as well as others that 

demonstrate expectation-induced modulation of spinal 
processing158), the study did not provide direct evidence for 
spinal cord involvement in placebo analgesia. Obtaining 
direct evidence, i.e. placebo-induced changes in recorded 
spinal cord responses, might however be achieved by 
 non-invasively measuring spinal cord responses via fMRI.

Spinal fMRI

While fMRI of the brain is well established, fMRI of the 
spinal cord159–161 is still in a somewhat early stage. The 
first reports of spinal fMRI appeared in the late 1990s162,163 
and even now there are only a limited number of labora-
tories employing this technique. This is likely due to the 
fact that in comparison to fMRI of the brain, performing 
fMRI studies of the spinal cord is very challenging for 
several reasons. First, the spinal cord has a very small 
cross-sectional diameter (at the level of the 6th cervical 
segment about 12 mm in left–right and 8 mm in anterior–
posterior direction164), making it impossible to use stan-
dard brain-based fMRI protocols (Fig. 7.4). Second, static 
magnetic field inhomogeneities predominate due to the 
alternation of vertebrae and connective tissue,165 leading 
to a periodic loss of signal along the rostrocaudal axis of 
the spinal cord.166 Third, spinal cord BOLD responses are 
strongly affected by physiological noise arising from var-
ious respiratory and cardiovascular sources,167–169 which 
is of greater magnitude than in the brain and can thus 
possibly obscure task-related BOLD signal changes.169,170 
However, numerous improvements in fMRI acquisition 
and analysis techniques (such as the development of 
multi-array coils,171,172 the use of high-resolution imag-
ing in combination with slice-specific shimming,166 or 
the careful modeling of physiological noise168,173,174) have 
greatly enhanced the feasibility of spinal fMRI and inter-
esting findings with respect to pain-related responses 
begin to emerge in both animal and human studies.

Following pioneering studies in rodent spinal 
fMRI,175,176 Lilja and colleagues177 have shown that 
BOLD responses can be observed in the ipsilateral dor-
sal horn of rats who received electrical stimulation of 
the hind limbs and that the strength and extent of these 
responses mirror the intensity of electrical stimulation. 
Interestingly, the observed spinal cord BOLD responses 
could be significantly suppressed by administration of 
morphine, an effect that was reversed by administration 
of the opioid antagonist naloxone. In another set of stud-
ies, Zhao and colleagues178,179 used both BOLD and other 
fMRI contrast mechanisms to demonstrate responses in 
the ipsilateral dorsal horn of both the lumbar and cervi-
cal spinal cord of rats exposed to electrical stimulation of 
the hindpaw and forepaw, respectively. They were fur-
thermore able to show that local lidocaine administration 
completely abolishes spinal cord fMRI responses to elec-
trical stimulation,180 as would be expected by blocking 
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peripheral nerve transmission. Together with the find-
ing of a morphine-induced depression of spinal cord 
responses to painful stimuli,177 this study demonstrates 
that it is feasible to employ spinal fMRI for investigating 
the pharmacological modulation of pain processing in 
the rat spinal cord, which is obviously of high relevance 
for analgesic drug development. However, these data do 
not speak to the possibility of measuring the endogenous 
modulation of spinal nociceptive processing with fMRI, 
as would be required for directly investigating the spinal 
cord’s role in placebo analgesia.

This experimental question might instead be better 
interrogated in humans, where subjective pain experience 
can be recorded at the same time as spinal fMRI responses 
to painful stimuli (note though that opioid-related placebo 
analgesic effects have recently been shown to exist in mice 
and rats181–183). Following the first reports of responses 
in the human spinal cord to sensory stimulation,184,185 a 
number of fMRI studies by Stroman and colleagues have 
investigated the feasibility of imaging nociceptive pro-
cessing in the human spinal cord,186–189 by employing a 
T2-weighted fMRI protocol. Of particular relevance is a 
recent study by Summers et al who observed that spinal 
cord BOLD responses are significantly stronger for nox-
ious stimuli (laser heat) than for innocuous stimuli (soft 
brushing).190 While a lateralization of responses was not 
found in this study, Brooks and colleagues191 have very 
recently provided strong evidence for lateralization of 
spinal cord BOLD responses: both painful thermal stim-
uli and non-painful (but nociceptive) punctate stimuli led 
to significantly greater responses in the ipsilateral part of 
the spinal cord than in the contralateral one. This is not 

only in accordance with the known spinal anatomy, but 
also mirrors autoradiographic and electrophysiological 
animal data:192,193, but see Ref.194. While neither segmen-
tal nor anterior–posterior specificity was demonstrated 
in these two experiments, they nevertheless suggest 
that non-invasive imaging of basic components of pain-
related responses (intensity and laterality) in the human 
spinal cord is feasible, and they highlight the possibility 
of imaging endogenous modulation of nociceptive spinal 
processing.

Spinal fMRI of Placebo Analgesia

We recently employed spinal fMRI to investigate 
whether changes in spinal nociceptive processing can 
indeed be observed under placebo analgesia,195 thus 
indicating that descending control of pain is one of the 
mechanisms underlying placebo analgesic effects. To 
this end, we invited 15 volunteers who had participated 
in our previous fMRI study on placebo analgesia128 and 
subjected them to a similar paradigm as in the previous 
study (Fig. 7.2). Pain was induced by contact thermal 
stimulation of the left radial volar forearm (dermatome 
C6) and fMRI data were recorded from the 5th cervical 
to the 1st thoracic spinal segment, using a protocol that 
was optimized for spinal fMRI. In particular, we posi-
tioned the slices perpendicular to the spinal cord, using 
a slice thickness of 5 mm in order to achieve an adequate 
signal-to-noise ratio despite the rather high in-plane res-
olution (1 mm × 1 mm). Such a prescription optimally 
conforms to the functional neuroanatomy of the spinal 
cord, because (1) 5 mm thick slices adequately sample 

20 mm

3 x 3 mm
1 x 1 mm

FIGURE 7.4 Brain and spinal cord size. Transversal slices through the brain (left) and the cervical spinal cord (middle) at the same scale show 
how minuscule the spine is in relation to the brain. The enlarged section (right) indicates that a standard in-plane voxel size of 3 × 3 mm would 
be much too coarse to image the spinal cord. Therefore, we used a 1 × 1 mm in-plane voxel size, which is more adequate to disentangle white 
and gray matter within the spinal cord, as well as to dissociate responses in the anterior–posterior and left–right dimensions. Note that due to the 
imaging sequences used, cerebrospinal fluid is black in the brain section and white in the spinal cord section, whereas gray matter is dark in the 
brain section and white in the spinal cord section. This figure is reproduced in color in the color section.
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along the rostro-caudal axis of the cord since each cer-
vical segment is about 15 mm long,164 and (2) a 1 mm2 
in-plane resolution aims at minimizing partial volume 
effects (i.e. combining gray and white matter signal 
within a single voxel) that will occur due to the fine-scale 
organization of spinal gray matter. We furthermore opti-
mized spatial image processing procedures (i.e. motion 
correction, inter-subject registration, etc.) of the spi-
nal fMRI data and corrected for physiological noise by 
recording respiratory and cardiac data during the fMRI 
session and then included these data in the statistical 
model as confound regressors.196

Participants clearly experienced the thermal stimu-
lation as painful, as evidenced by their pain ratings. 
Regarding spinal fMRI data, we observed significant 
BOLD responses to the painful stimulus in the ipsilat-
eral dorsal horn at the expected segmental level (top of 
5th cervical vertebra, corresponding approximately to 
segment C6; Fig. 7.5a). This was the strongest response 
in all the imaged spinal segments, suggesting a good 
specificity of our method with regard to lateralization 
and segmental localization. Participants also showed a 
significant placebo effect, as evidenced by lower pain 
ratings under the placebo condition as compared to the 
control condition. Most importantly, spinal cord BOLD 
responses in the ipsilateral dorsal horn—obtained from 
the voxel that showed the strongest pain-related activ-
ity—mirrored the behavioral effect by exhibiting a strong 
BOLD response in the control condition, but almost no 
response in the placebo condition (Fig. 7.5a). These data 
thus provided direct evidence that placebo analgesia can 
affect nociceptive processing already at the earliest stage 
of the central nervous system, namely the dorsal horn of 
the spinal cord, as was already hypothesized in the first 
neurobiological study on placebo analgesia.15 This find-
ing also lends support to the statement that descending 
pain control is a mechanism that contributes to placebo 
analgesic effects, as has been stated in numerous imag-
ing studies99,107,128 and clearly demonstrates that placebo 
effects are not only mediated by supra-spinal mecha-
nisms, but involve spinal mechanisms as well.

Nevertheless, these results obviously also raise many 
novel questions. First of all, we do not know via which 
brainstem mechanisms inhibition of spinal process-
ing is realized. Although we would strongly suspect 
that opioid-dependent activation of the PAG–RVM axis 
is involved,128 this cannot be ascertained as we did not 
measure brainstem and spinal responses at the same 
time (thus precluding any inference regarding connec-
tivity between these parts of the central nervous system) 
and inhibition of spinal processing as observed here can 
also be realized by other routes, such as the noradren-
ergic nuclei of the dorsolateral pontine tegmentum.24,25 
Along similar lines, we do not know on which neurons 
placebo-induced descending control exerts its effects in 

the spinal cord, because the BOLD response is a very 
coarse and indirect measure of neuronal activation (with 
each voxel containing a huge number of neurons and 
activation being inferred via changes in blood oxygen-
ation197). Effects might occur at the level of primary affer-
ents, inhibitory interneurons, excitatory interneurons, 
or projection neurons, but such a differentiation cannot 
be obtained with current methods. Second, it is unclear 
whether the observed effect is specific for noxious stim-
uli, as it could be of a more general nature and might 
thus equally occur for innocuous stimuli. We would 
argue against this idea, because (a) previous investiga-
tions demonstrated that placebo effects are more evident 
in painful than in non-painful conditions123,198 and (b) 
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FIGURE 7.5 Modulation of nociceptive processing in the human 
spinal cord. (a) In the spinal fMRI study on placebo analgesia, we ob-
served significant responses to the painful stimulation in the ipsilateral 
dorsal spinal cord (where nociceptive afferents terminate), as shown 
by the transversal section (level C6); the response is overlaid on the 
group-averaged T1 image. The group-averaged parameter estimates 
(reflecting the strength of activation) on the right were obtained from 
the voxel that exhibited the strongest response to pain and clearly show 
a significant reduction under placebo compared to control. (b) A simi-
lar result was observed in the spinal fMRI study on distraction, where 
pain-related responses in the ipsilateral dorsal spinal cord (at a location 
nearly identical to the one shown in panel (a)) were significantly re-
duced when participants where distracted from pain by high working 
memory load under the 2-back condition (see transversal section and 
parameter estimates); the response is overlaid on the group-averaged 
T2* image. Reproduced and modified, with permission, from refer-
ences 195 and 205. This figure is reproduced in color in the color section.
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PAG-mediated descending control is quite specific, in that 
it targets nociceptive spinal processing but leaves innoc-
uous spinal processing intact.35,199 Third, one might ask 
why the observed BOLD responses occurred only in the 
deep dorsal horn and were not evident in the superficial 
dorsal horn (i.e. laminae I and II), which is the main tar-
get for primary afferents conveying nociceptive informa-
tion and which thus strongly contributes to nociceptive 
processing. A possible explanation relates to the fact that 
signal dropout due to magnetic field inhomogeneities 
is especially strong at the edge of the cord,165,166 which 
might thus limit the ability to observe BOLD responses 
in the more superficial parts of the dorsal horn (a further 
limitation might be imperfect inter-subject alignment). 
One should also not discount the possibility that differ-
ences in the characteristics of the intrinsic neuronal cir-
cuitry in superficial and deep dorsal horn200 might lead 
to responses in the deep part being more easily trans-
lated into a BOLD signal. Finally, it appears to be some-
what paradox that BOLD responses in the dorsal horn 
were completely suppressed under placebo, yet subjec-
tive pain ratings showed that participants still experi-
enced pain under placebo (although to a lesser degree). 
While there are several mechanisms that might explain 
this apparent paradox—relating, for example, to (1) dif-
ferential descending control of wide dynamic range ver-
sus nociceptive specific neurons201,202 and C-fiber versus 
A-fibre input23, (2) laminar specificity of descending con-
trol203 and (3) different electrophysiological properties 
of nociceptive specific versus wide dynamic range neu-
rons204 or neurons in superficial versus deep lamina200—
they are mere speculation at the current point and will 
not be discussed in detail.

Reassuringly, this spinal fMRI study is not the only 
one demonstrating a direct effect of psychological factors 
on spinal nociceptive processing. In a recent study205, we 
employed an attention-distracting manipulation and 
observed that high levels of distraction not only led to 
reduced pain (which had already been demonstrated 
by many others6,206), but importantly also to reduced 
spinal cord BOLD responses (Fig. 7.5b). In a separate 
behavioral study, we were furthermore able to show 
that the observed pain reduction could be attributed to 
opioidergic processes, as it was strongly reduced when 
the opioid antagonist naloxone was given. Intriguingly, 
the location of the spinal cord BOLD responses in this 
study was nearly identical to the location observed in the 
study on placebo analgesia, suggesting good reliability 
in using fMRI of the human spinal cord.

CONCLUSIONS AND OPEN QUESTIONS

In our opinion, the studies reviewed here clearly 
suggest that descending control of spinal nociceptive 

processing via the opioid-dependent PAG–RVM sys-
tem is one of the mechanisms underlying placebo anal-
gesia. This is not to say that it is the only mechanism 
of descending control involved, because other types of 
descending control might contribute as well24,49 and a 
network analysis carried out by Wager and colleagues123 
suggests heterogeneity even within the μ-opioid sys-
tem. Furthermore, descending control might not fea-
ture equally strong in all kinds of placebo effects,117 
and  cortico-cortical or cortico-subcortical contributions 
likely also play a substantial role.133,207–210 It will be an 
important endeavor to tease apart the conditions under 
which spinal versus supra-spinal mechanisms of pain 
modulation predominate.

A further interesting question relates to the psycho-
logical constraints under which the PAG–RVM system 
can be brought into play. While a large part of placebo 
analgesia is probably consciously mediated, there is also 
evidence for non-conscious placebo responses in the 
context of pain.211 It will be interesting to see whether 
the descending pain control system can be engaged 
only via conscious expectations of pain relief or also 
via non-consciously learned predictive relationships 
between cues and pain relief. We tend to favor the latter 
possibility, because responses in this system (although 
notably without dlPFC involvement) were evident in 
a conditioned analgesia paradigm, where only a small 
minority of participants was aware of the experimental 
contingency.81

The importance of placebo-induced reductions of 
activity in pain-processing areas for the experienced 
pain reduction under placebo is another topic of current 
debate.14,133 As alluded to above, these reductions have 
been observed across a large number of studies (for an 
overview, see Figure 2 in Meissner et al14), but the extent 
of this effect varies considerably across studies and it 
is unclear how it relates to experienced pain reduction. 
While we could show that both a behavioral index of pla-
cebo analgesia (pain ratings) and widespread placebo-
induced reductions of activity in pain-processing regions 
were significantly diminished by naloxone, we cannot 
infer that reductions in neural activity of these regions 
actually drive reductions in pain perception. A promis-
ing step in this direction is the use of mediation analysis, 
which has shown that activity in several pain-processing 
regions mediates the effect of predictive cues on pain 
perception.132 One might also ask whether it is neurobio-
logically plausible that placebo analgesia would involve 
a reduction of activity in all regions associated with pain 
processing. For example, tracer PET studies122–124 have 
shown enhanced opioid signalling under placebo in 
the insula—a core region in pain processing104—which  
goes along with evidence from animal studies that 
found a specific insular region mediating opioidergic 
anti-nociception via descending control mechanisms;212 
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together, these findings speak against dichotomizing 
regions as ‘pain responsive’ and ‘pain modulatory’. 
Furthermore, based on the selectivity of descending  
control that is sometimes observed,23 one could also 
envision a scenario where descending control might 
preferentially target neuronal populations that give 
rise to projections to affective brain regions, such as 
the recently identified non-peptidergical population in 
lamina V that directly projects e.g. to the amygdala.213 
Similarly, a modulation of spinal nociceptive processing 
does not necessarily influence all supra-spinal indices of 
pain processing.158

Finally one might ask how placebo analgesia and its 
underlying mechanism of descending pain control relate 
to other forms of pain modulation (e.g. hypnosis, dis-
traction, stress-induced analgesia, offset analgesia, etc.). 
While each of these phenomena has a distinct repertoire 
of mechanisms, there are also some interesting overlaps. 
First of all, decreased activity in pain-processing regions 
has, for example, also been observed in studies on distrac-
tion,214,215 conditioned analgesia,81 perceived controllabil-
ity,216 hypnosis217 and heterotopic noxious conditioning 
stimulation.218 Similarly, a reduction in spinal nocicep-
tive processing has been demonstrated not only during 
placebo analgesia,157,195 but also during distraction,205,219 
affective picture viewing220 and hypnosis.4 Enhanced 
responses in parts of the descending pain control system, 
such as the rACC and PAG, have also been observed in 
numerous studies (Fig. 7.6), such as in distraction,214,215,221 
conditioned analgesia,81 and offset analgesia,222 as has 
increased rACC–PAG coupling.215,218 A core mechanism 
of descending pain control might thus contribute to vari-
ous forms of pain modulation and it will be interesting 
to see whether consistent  inter-individual differences that 
predict the capability at various forms of pain modulation 
can be identified on the neural or genetic level.

In conclusion, we believe that there is abundant evi-
dence for an involvement of descending pain control in 
placebo analgesia. This evidence comes from the conver-
gence of data obtained by behavioral studies of spinal 
nociception, pharmacological challenge studies of the 
opioid system, tracer PET studies targeting the opioid 
system, and fMRI studies that not only target the brain, 
but also the spinal cord. When viewed collectively, these 
studies suggest that placebo analgesia is configured via 
multiple mechanisms, but that descending control of 
nociception, as first described by Melzack and Wall16 in 
their gate-control theory, is clearly one of those mecha-
nisms. This also speaks to the power of psychological 
factors in modifying pain perception, as they can exert 
their influence already at the earliest stages of the noci-
ceptive processing stream.
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Several reports have shown that the expectation of 
reduced pain is a central element in placebo analgesia.1–3 
Thus, granting that expectation is a cognitive concept, 
placebo analgesia could be understood as a cognitive 
process. However, it has been proposed that reduction in 
negative emotions is an important mediator of placebo 
analgesia,1–5 meaning that the cognition of expecting less 
(or more) pain exerts its effect on pain via activation of 
emotional processes.5 Several studies have shown that 
emotions can moderate pain, and especially that nega-
tive emotions often increase pain perception,6–9 although 
this may depend, for example, on the intensity of emo-
tional arousal. In most studies investigating the impact 
of emotions on pain perception, emotions have typi-
cally been produced by films,10 affective pictures11 and 
odors12 that were independent of the pain stimulus used 
to induce pain.13 Thus, in many studies, emotions have 
been induced by stimuli not related to pain. Price et al,1 
on the other hand, proposed that pain-related emotions 
are triggered by the unpleasantness of pain. Thus, the 
context in which pain is experienced, and the relation-
ship of the emotions to pain, i.e. whether they are elicited 
by pain or are not pain-related, may play a role.

According to Price et al,1 pain-related negative emo-
tions should increase concomitantly with the intensity of 
the pain stimulus, a prediction that has been supported 
in several studies.4,14 This shows that pain itself is a 
potent stressor,14 and high levels of negative affect and 
arousal from pain stimulation may activate the endog-
enous opioid system.15 Thus, it has been suggested that 
the relationship between emotional activation and pain 
can be described as an inverted ‘U’, where pain is rated 
highest with moderate negative emotions, and lower 
with highly positive and highly negative emotions5,15 
(Fig. 8.1). According to Rhudy and Meagher,15 negative 

emotions of low to moderate intensity may increase 
attention towards and amplify pain via neural circuits 
in the amygdala and periaqueductal gray (PAG). As in 
many pain studies, attention could possibly also play a 
role in placebo analgesia. It is possible that administra-
tion of placebo induces an affective or motivational state 
that reduces attention towards the painful stimuli. The 
motivational state that regulates attention can be partly 
under conscious control, and the placebo may serve as 
a safety signal and permit attention to be directed to 
stimuli other than pain.16 Consequently, attention may 
be conceived as a moderator of the effect emotions have 
on pain.

EMOTION AND MOTIVATION

Studies by Vase et al2,3 have shown that placebo anal-
gesic responses may be partially mediated by reductions 
in anxiety levels. Similar results have also been obtained 
in studies where subjects reporting higher levels of 
anxiety report higher pain compared to subjects scor-
ing lower on anxiety.17,18 The reduction in anxiety levels, 
as observed in the studies of Vase et al,2,3 was related 
to expectations, but this association was not as strong 
as the relationship between pain ratings and expecta-
tions of the effect of treatment on pain. As shown above, 
a reduced negative affect is associated with decreased 
pain, and it can be predicted that if information about 
a painkiller reduces stress and negative emotions, then 
pain should be reduced as well. However, the findings 
of Vase et al2,3 suggest that anxiety is just one of several 
possible emotional states that may modulate the pla-
cebo analgesic effect. This view is also supported in pain 
studies by Rhudy and Meagher8,15 in which subjects 
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react with various emotional feelings, ranging from 
fear to surprise, under noxious stimulation. The latter 
notion fits well with results from neurobiologic placebo 
studies that find activation of distinct, but overlapping, 
networks involved in the processing of sensory and 
affective aspects of nociceptive stimuli;19–21 this implies 
that a broad spectrum of emotions could be important 
for the placebo analgesic response. Petrovic et al22 found 
that subjects with large placebo responses displayed 
decreases in neuronal activity in the emotional networks 
of the cortex, suggesting that placebo effects are linked 
to neuronal emotional modulation.

In those studies in which patients were asked to 
rate their expected pain levels and their desire for pain 
relief,2,23 the results showed that both factors acted inde-
pendently; the interaction between desire and expecta-
tion explained about 40% of the variance in pain intensity. 
In the studies of Vase et al2 and Verne et al,23 anxiety lev-
els were reduced after placebo administration, a finding 
that was supported in a later study by Vase et al.3 The 
findings from the studies of Vase et al2,3 and Verne et al,23 
that support the desire–expectation model proposed by 
Price and Barrell,24,25 suggest a clear connection between 
placebo analgesia and emotional factors. Petersen et al26 
found that placebo analgesia, observed as a reduced area 
of hyperalgesia in neuropathic pain, was higher when 
the negative affect was lower. There was no indication 
that a positive affect increased during placebo analgesia, 
unlike the result found in a study by Scott et al,27 where 
a positive affect slightly (but non-significantly) increased 
after administration of a placebo when the subjects 
were informed that it would reduce pain. However, the 
samples in the two studies were rather small—19 and 

14 participants in the studies of Petersen et al and Scott 
et al, respectively—and this could explain the differing 
results. A possible problem in studies like those of Vase 
et al2,3 and Verne et al23 was that, before the experimental 
procedure was being carried out, participants rated the 
pain levels and emotional state that they expected after 
the (placebo) treatment. It is possible that these ratings 
of expected pain levels may be viewed as a sort of social 
contract.28 Thus, the reporting of expectations and emo-
tions prior to the pain-induction procedure may estab-
lish a norm and a commitment which shapes the later 
self-reports during pain.

In contrast to findings that suggest that emotional 
modulation is important in placebo analgesia, Flaten 
et al4 found that placebo analgesia might also be 
observed without a concomitant reduction in negative 
emotions, at least at the group level. This could be true 
especially when initial levels of negative emotions are 
too low to permit the observation of a decrease after pla-
cebo administration.

Vase et al2,3 suggested that the mechanism of emo-
tional modulation in placebo analgesia involves the 
 sympathetic nervous system. This is plausible because 
several studies have established that pain sensations 
increase sympathetic activity as measured by skin 
conductance8 and heart-rate variability.13 Pollo et al29 
tested the hypothesis that placebo analgesia is accom-
panied by modulations in cardiovascular activity 
by measuring heart rate variability; the results from 
these authors showed that the low-frequency cardiac 
responses, indicating sympathetic input to the heart, 
were decreased during placebo analgesia, suggesting 
that reduction in cardiac autonomic arousal is a part of 
placebo analgesia.

In sum, several studies have pointed to the fact that 
emotions are important factors for the placebo analge-
sic response, and these observations support the follow-
ing straightforward hypothesis: expectation of having 
received effective treatment should reduce negative 
emotions like stress and anxiety, and the reduction in 
negative emotions should then reduce pain.

REDUCTION IN NEGATIVE EMOTIONS: 
METHODOLOGIC ISSUES AND 

EMPIRICAL STUDIES

Even if the hypothesis above is simple, experimen-
tal studies have struggled to show that administration 
of a placebo reduces negative emotions. Aslaksen and 
Flaten30 performed an experimental study with a within-
subjects design to test whether placebo administration 
reduces the subjective feeling of stress and concomitant 
activity in the autonomic nervous system measured by 
heart-rate variability. The volunteers participated in two 

FIGURE 8.1 The effect of emotional picture content on pain  
ratings (pain), the nociceptive flexion reflex (NFR), skin conductance  
responses (SCR), and heart rate (HR) after noxious stimulation of 
the sural nerve. Unpleasant pictures tended to enhance nociceptive  
reactions, whereas pleasant pictures inhibited nociceptive reactions. 
The degree of pain modulation was moderated by the emotional  
intensity (arousal) elicited by the pictures, so only the most arous-
ing pictures (attack, erotic) elicited modulation that was significantly  
different from the neutral pictures. These findings suggest that valence 
and arousal both contribute to the modulation of nociception and pain. 
From Rhudy et al16 with permission from the publisher.
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conditions on two separate days where heat was repeat-
edly used to produce pain stimuli. In the placebo con-
dition, participants received placebo capsules and were 
told that the capsules were effective painkillers. In the 
natural history control condition, the same pain proce-
dure was performed, but without placebo. Half of the 
volunteers underwent the placebo condition before the 
natural history condition; the other half participated in 
the natural history condition before the placebo condi-
tion. A placebo—consisting of two capsules containing 
lactose—was administered after the first of five pain 
stimulations. Five pain stimuli in one pre-test and four 
post-tests were fixed at 46°C, with a duration of 240 sec-
onds each. Pain and emotional ratings were obtained 
by pen-and-paper visual analog scales. In the natural 
history condition, pain was inflicted five times without 
administration of placebo. The results showed that pain 
intensity was significantly reduced in the placebo condi-
tion compared with the natural history condition; these 
results were also obtained when statistically controlling 
for the order of the conditions. Thus, placebo analgesia 
was induced at the group level. As expected, stress lev-
els and cardiac activity, related to sympathetic arousal, 
were also significantly reduced after administration of 
placebo. Stepwise regression analysis revealed that the 
reduction in stress was the only significant predictor 
for the placebo response when controlling for baseline 
pain, arousal, mood, order of conditions, subject gender, 
experimenter gender, previous experience with non-
prescribed analgesics, and heart rate variability. The 
results from Aslaksen and Flaten29 lend support to the 
stress-reduction hypothesis of placebo analgesia, but  
the findings could not be regarded as conclusive 
because stress measures were obtained during pain 
stimulation and not prior to the painful stimuli. Thus, 
the results could not answer the question of whether the 
reduction in emotions reduced the pain, i.e. the placebo 
analgesic response, or if it was the other way around, 
that the placebo analgesic response, i.e. the reduction in 
pain, reduced the negative emotions.

To further explore the stress reduction hypothesis, 
Aslaksen and colleagues31 performed a study in which 
stress measurements were obtained in the absence 
of experimental pain induction. As in the studies of 
Aslaksen & Flaten,30 a within-subjects design with a 
placebo condition and a natural history condition was 
employed. The placebo capsules were administered 
after the pre-test, and the subjects were told that the 
medication was an effective painkiller with an excel-
lent effect on pain induced by heat. Pulses of heat pain, 
with a peak temperature of 52°C and a heating/cooling  
rate of 70°C/40°C per second, were delivered by a  
PC-controlled thermode to elicit the N2/P2 components; 
these can be observed in event-related potentials (ERPs). 
Pain pulses were delivered in blocks of 24 pulses. To be 

able to answer more precisely whether stress reduction 
is a key mechanism in placebo analgesic responses, emo-
tional measures were obtained before the administra-
tion of placebo, immediately after, and in the intervals 
between pain blocks. Thus, stress was measured in the 
absence of pain, so that these measures were not con-
founded. A significant stress reduction was observed in 
the placebo condition, and regression analysis showed 
that the stress reduction recorded in the absence of pain 
significantly predicted the placebo response on pain. 
The P2 wave in the ERP was significantly reduced in 
the placebo condition compared to the natural history 
condition. The results from Aslaksen et al31 showed 
that placebo administration reduces negative emotions, 
compatible with findings in other studies on the placebo 
analgesic response. For example, Scott et al27 and Vase 
et al3 measured emotions in the absence of pain, and 
revealed that negative emotional activation decreased 
after placebo medication.

INDIVIDUAL DIFFERENCES IN 
NEGATIVE EMOTIONS AND THE 

EFFECTIVENESS OF PLACEBO 
INTERVENTIONS ON PAIN

A placebo intervention may lead to a reduction in pain, 
often accompanied by a reduction in negative affect. 
However, there are individuals who do not respond to 
the placebo intervention; these are called placebo non-
responders. A great deal of attention has been devoted 
to the placebo responders and to the states and traits 
that are associated with placebo analgesic responses, 
leaving the second half of the story, that of the placebo 
non-responder, unexplored. By paying attention to those 
who do not respond in an experiment, one may see the 
placebo analgesic response from a different viewpoint. 
An interesting, important and overlooked question 
then, is whether new mechanistic insights into placebo 
analgesia might be gained by attempting to unravel the 
mechanisms behind placebo non-responding.

Individuals taking part in a pain experiment, or who 
show up for a hospital appointment, carry with them 
their personalities and habitual tendencies to appraise, 
react and respond to pain and discomfort. These indi-
vidual differences may be related to some of the vari-
ability observed in placebo responding. Lyby and 
colleagues32–34 systematically investigated the relation-
ship of dispositional fear of pain (FoP) to placebo anal-
gesia in a series of experiments. Fear and anxiety are 
the two most frequently reported emotions in the con-
text of pain,35 and a number of studies have shown that 
these emotions, together with low-to-moderate arousal, 
exacerbate pain, cause activity in the hypothalamic–
pituitary–adrenal axis, and trigger endogenous peptides 
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that have hyperalgesic and anti-opioid effects.36 Fear 
and anxiety thus appear to cause an increase in pain, 
which is opposite to the emotional, homeostatic and 
neurochemical reactions that have been observed in pla-
cebo responders. Accordingly, Lyby et al34 proposed that 
fear would reduce or abolish placebo analgesia.

A correlational approach was used in two studies32,33 
in which fear of pain, as assessed by the Fear of Pain 
Questionnaire III, was used as a predictor of response 
to placebo analgesia. Both studies used a repeated-
measures within-subject design, in which the order of 
the natural history condition and the placebo condition 
was counterbalanced across subjects. Thermal pain was 
induced in the lower forearm. Placebo capsules were 
administered in the placebo condition, the subjects 
being told that the capsules would reduce pain. Placebo 
capsules were not administered in the natural history 
condition.

In the first study,32 participants reported pain inten-
sity, pain unpleasantness, and stress while being 
exposed to the thermal stimuli. A mean placebo effect in 
reported pain intensity was observed. About one-third 
of the participants, however, responded with a negative 
placebo effect or nocebo effect, i.e. increased pain, and 
not a decrease in pain, and increased FoP was associated 
with a larger negative placebo effect. FoP was also asso-
ciated with higher reported stress before the start of the 
experiment, and higher reported stress during pain in 
the natural history condition.

In the second study33 the aim was to replicate and 
extend the findings from the first study by employ-
ing ERPs elicited by painful stimulation, in addition 
to subjective report. Subjective pain report is based 
on  cognitively construed representations, and many 
 studies report significant placebo effects in reported 
pain. One advantage of combining subjective report 
with an  objective method measuring cortical responses 
to pain is that reporting bias may be excluded as an 
explanation of placebo analgesia.37 Additionally, ERPs 
are useful in the investigation of important empiri-
cal questions such as localization of the source of the 
placebo-modulated ERP, and the ERP can be used to 
test theories of the level of the central nervous sys-
tem at which placebos modulate pain. Event-related 
potentials are accepted as a method for answering this 
question because the N2/P2 components in the ERP, at 
least partially, reflect early or pre-cognitive nociceptive 
processing. In line with the hypothesis that FoP might 
be associated with reduced placebo analgesia, it was 
hypothesized that FoP should be related to absence of 
placebo analgesic effects in the ERP.

The results revealed that higher FoP was associated 
with lower placebo responding in P2 amplitude and 
reported pain unpleasantness. The results linking FoP to 
placebo unresponsiveness in P2 amplitude suggest that 

the effect of FoP on placebo analgesia is partially pre-
cognitive and not only confined to cognitively construed 
representations of pain. This finding might reflect a noci-
ceptive system that is more easily activated due to antici-
patory fear in high-FoP subjects, as has been suggested 
by other studies.38

Analyses also revealed that gender predicted placebo 
responding on P2 amplitude, as the female participants 
did not respond with a reduction in P2 amplitude, i.e. 
females did not display a physiologic placebo analgesic 
response. Moreover, female subjects scored significantly 
higher on FoP than did male subjects. Hierarchical 
blockwise regression was applied, and, after removing 
the linear effect of FoP, no differences between male and 
female subjects in placebo responding were observed. 
Thus, the absence of placebo responses in females could 
be explained by higher fear of pain in female subjects.

Thus, females had significantly lower placebo respon-
ses compared to males, both on subjective pain mea-
surements and on the P2 wave in the ERP. The gender 
difference was also found in the stress data, where 
females had higher stress levels than males. The interac-
tion of gender × stress was the only significant predictor 
for the placebo response and explained 23% of the vari-
ance in the placebo effect on pain unpleasantness, sug-
gesting that males responded with larger stress reduction 
after placebo administration compared to females.

Even though the literature on gender and gender dif-
ferences in pain is large, only a limited number of studies 
have addressed such differences in placebo analgesia.39 
The few studies on gender differences in placebo analge-
sia that exist suggest that males respond with stronger 
pain reduction after placebo administration compared 
to females.4,30,31 Furthermore, several studies have sug-
gested that gender differences in the experience of pain 
are mainly caused by differences in emotional process-
ing.40–42 A recent functional magnetic resonance imag-
ing (fMRI) study on the placebo analgesic response,43 
revealed a consistent pattern of cerebral activation dif-
ferences between the sexes during anticipation of pain, 
in the early and late phases of pain stimulation after 
injection of a placebo. As in the studies of Aslaksen 
et al,31 regression analysis showed that the interaction 
of gender × emotional activation was the only significant 
predictor for the behavioral placebo response, suggest-
ing that gender differences in emotional modulation 
produces gender differences in placebo analgesia. The 
cerebral gender difference in pain processing after pla-
cebo medication included the insular cortex, the left 
hippocampus and Brodmanns area 10, all cerebral areas 
involved in emotional modulation.44,45 Negative emo-
tions and fear of pain are known to decrease placebo 
analgesic effects,4,5,32–34 and there is now evidence from 
imaging studies suggesting that the placebo analgesic 
response is related to engagement of cerebral emotional 
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processes, rather than early suppression of nociceptive 
processing.45,46

Lyby et al32,33 thus showed that the magnitude of the 
placebo analgesic effect in subjective report and ERPs 
depended on the level of FoP, in which those with a 
higher FoP were less responsive to the placebo interven-
tions. These results are in line with a few other studies on 
placebo analgesia that have employed state measures of 
negative affect and in which higher negative affects have 
been inversely correlated with placebo analgesic mag-
nitude.47,48 The problem with these results, however, 
is that they are correlative in nature, and can thus say 
nothing about cause and effect, even though one could 
hypothesize that FoP, reflecting trait qualities, precedes 
the experimental procedures in time and thus justifies a 
causal interpretation.

The primary aim of Lyby et al34 was therefore to inves-
tigate the causal effect of fear on placebo analgesia by 
inducing fear experimentally by informing the subjects 
that electric shocks would be administrated within a cer-
tain time period, a procedure termed instructed fear.49 
In the natural history condition, subjects received pain-
ful stimulation across three test sessions, with no inter-
vention. In the placebo condition, the subjects received 
the same three sessions of painful stimulation as in the 
natural history condition, but in addition they received 
capsules containing lactose between the first and second 
sessions of painful stimulation; they were told that the 
capsules contained a powerful painkiller. To investigate 
the effect of fear on placebo analgesia, a condition was 
introduced that was identical to the placebo condition, 
but, in addition, fear was induced after the administra-
tion of the placebo capsules, i.e. the ‘2 Condition by Test’ 

design used in Lyby et al33 was expanded to a ‘3 Condi-
tion (natural history, placebo, placebo + fear) by Test’, 
within-subject design.

Anticipation of electric shock was chosen as the 
fear-induction procedure because it is a well validated 
method, consistently inducing fear,50,51 and also because 
it is relevant to FoP because electric shocks are expected 
to be painful. Additionally, the acoustic startle reflex was 
used as an outcome measure because fear-potentiated 
startle is a well validated marker of fear.51 Potentiation 
of the startle reflex reflects early and pre-cognitive pro-
cessing of fear,52–54 and its amplitude is related to amyg-
dala activation and to networks mediating defensive 
activation and action preparedness.49,55,56 Thus, for indi-
vidual difference analyses, fear-potentiated startle and 
FoP were used as predictors of placebo responding. Self-
reported effectiveness of how well the fear-induction 
procedure produced fear was also used as a predictor. 
It was hypothesized that measures of fear should pre-
dict placebo responding. We also expected that placebo 
responding in startle should be positively related to cor-
responding placebo responses in subjective reports.

A placebo effect was observed in the startle data, i.e. 
startle reflexes were smaller in the placebo condition 
compared to the natural history condition. In subjects 
with high FoP, however, startle reflexes were not reduced 
in the placebo condition (Fig. 8.2). In the pain-intensity 
data, there was a trend towards a placebo effect that was 
abolished by induced fear, and again, this was most pro-
nounced in subjects who were highest in FoP. Moreover, 
the placebo effect on startle, and the disruption of this 
effect by induced fear, predicted the corresponding effects 
(i.e. placebo effect and its disruption) in the pain-intensity 

FIGURE 8.2 Interactions of condition by test in the startle reflex data (reported in analog/digital units) (A) and in reported pain intensity 
(numerical rating scale [NRS]) (B). Negative numbers indicate a reduction in response compared to the pretest, whereas positive numbers indicate 
an increase in response as compared to pretests. From Lyby et al34 with permission from the publisher.
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data. This suggests shared underlying mechanisms for 
fear and reduced placebo analgesia, and the regression 
analyses suggest that the expression of these mechanisms 
correlate with individual differences in fear.

NEGATIVE EMOTIONS REDUCE THE 
EFFECTIVENESS OF OPIOIDS

One way in which negative emotions might reduce 
the effectiveness of placebo interventions on pain is 
by reducing endogenous opioid neurotransmission. 
In a recent experiment placebo analgesia was induced 
by classical conditioning with an opioid drug, and the 
resultant placebo effect was completely abolished by the 
injection of the cholecystokinin agonist pentagastrin.57 
Pentagastrin and cholecystokinin are both considered 
to be neurochemical correlates of anxiety,58 and admin-
istration of cholecystokinin is a validated method of 
 inducing fear and anxiety in research participants. How-
ever, subjective levels of fear or anxiety were measured 
in this study.

In a study by Wang and colleagues59 a sample of 614 
postoperative patients were offered morphine intrave-
nously infused via a patient-controlled analgesia (PCA) 
technique. The subjects were randomized into four 
groups differing in the information given about the PCA 
treatment: a no-information group, a positive-informa-
tion group, a partially negative information group which 
received information that the pump had only a limited 
effect, and a totally negative information group where 
the patients were told that the pump had no effect. The 
results showed that negative information increased pain 
intensity and stress (plasma cortisol) as well as mor-
phine use.

In the studies of Zubieta and colleagues,60 μ-opioid 
receptor binding was monitored during sustained neu-
tral and sad mood situations in a sample of healthy 
volunteers. The results showed a reduction in μ-opioid 
neurotransmission (i.e. increases in μ-receptor availabil-
ity) from the neutral to the sadness condition in several 
limbic brain areas. The reduction in opioid neurotrans-
mission also correlated with self-reported increases in 
negative affect and decreases in positive affect. This 
finding was later replicated twice by the same research 
group.61,62 These findings suggest that endogenous opi-
oid tone is reduced by negative emotion. Thus, nega-
tive emotions, exemplified by fear, anxiety and sadness, 
seem to increase pain and reduce the effectiveness of 
both exogenous and endogenous opioids. This finding 
is supported by reviews on patient-controlled analge-
sia techniques and on nocebo hyperalgesia, in which 
the overall conclusion is that the hyperalgesic and anti- 
opioid effects of negative emotions compromises the 
analgesic effect of painkillers.63,64

PLACEBO ANALGESIA, EMOTIONS, AND 
OPIOID ACTIVITY

The finding that relaxation training is mediated via 
opioid mechanisms fits well with the present notion of 
placebo analgesia as mediated by emotional modula-
tion. Increased opioid activity has been hypothesized 
to increase positive emotions and/or to decrease nega-
tive emotions, as opioids are implicated in sex,65 food 
consumption and use of addictive drugs,66 as well as in 
pain relief,67 all of which activate positive emotions. In a 
positron emission tomography (PET) study, Koepp et al68 
induced positive emotions via film, music and positive 
statements, and contrasted this with neutral emotions. 
They found reduced binding of a mu-receptor agonist 
while the subjects reported positive emotions, indicat-
ing that positive emotions were related to increased opi-
oid activity. Moreover, a number of studies have shown 
that placebo analgesic responding is mediated via opioid 
release. Levine and Gordon69 showed that an injection 
of naloxone partly reversed the placebo analgesic effect, 
and other studies have shown similar results.70,71 Brain-
imaging studies have shown activation of the descending 
pain-inhibitory system in the brain and in the spinal cord 
during placebo analgesia.72,73 These findings indicate that 
placebo analgesia is partly due to reduced pain transmis-
sion at the level of the spinal cord. Of special interest is a 
study by McCubbin et al74 in which one group of males 
with mildly elevated mean arterial blood pressure were 
subjected to relaxation training, whereas a control group 
did not receive such training. The group that received 
relaxation training displayed decreased blood pressure 
reactivity to a mental stressor compared with the group 
that did not receive training. Naltrexone, an opioid 
antagonist, antagonized the effect of relaxation training, 
showing that the effect of relaxation training was medi-
ated by opioid mechanisms. Taken together, these find-
ings suggest that opioid mechanisms are involved in the 
modulation of emotions, as well as in placebo analgesia.

THE NOCEBO RESPONSE: NEGATIVE 
PLACEBO EFFECT OR SEPARATE 

PROCESS?

Expectations that a procedure is painful, or if informa-
tion is provided that a stimulus will be even more painful, 
has been found to increase pain.58,75 Hence, the expecta-
tion that pain will occur or will increase induces nega-
tive emotions like nervousness or fear, which increase 
pain. Thus, placebo and nocebo responses may be seen 
as opposite results depending on induction of positive 
or negative emotions, respectively. The nocebo is depen-
dent on the anxiety-inducing content of the information, 
which is opposite to that of the placebo effect that is 
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hypothesized to be dependent on the anxiety-reducing 
content of the information.

Information that a substance or a procedure increases 
pain, increases stress as measured by cortisol14 (Fig. 8.3). 
Induction of fear or anxiety increases pain. Schweiger 
and Parducci75 told healthy subjects that an electrical 
current was being passed through their heads, whereas 
no stimulation was administrated, and found that most 
subjects responded with feelings of pain.

Benedetti et al71 showed that administration of pro-
glumide, a cholecystokinin antagonist, abolished the 
nocebo response of increased pain. Cholecystokinin is a 
peptide that acts as an opioid antagonist; it induces sub-
jective and physiologic stress, and thus increases pain. 
Administration of proglumide enhanced the placebo 
analgesic response. Thus, the data are consistent with the 
hypothesis that a reduction in stress reduced the level of 
pain, which is similar to a placebo analgesic effect. An 
experimental situation where pain is induced is stressful 
to the participants, and by reducing some of the stress 
a moderating effect on pain is obtained. It is not clear 
whether administration of proglumide increased posi-
tive feelings, via indirect effects on the endogenous opi-
oid system, or whether proglumide decreased negative 
feelings, via its effect on cholecystokinin. However, emo-
tional modulation seems to underlie both the placebo 
and nocebo responses that are correlated with activity at 
the opposite ends of a continuum of emotional valence. 
When placebos change emotional valence in a positive 
direction, placebo effects are observed. When placebos 
change emotional valence in a negative direction, nocebo 

effects are the result. However, negative emotions have 
been associated with stress-induced analgesia, even 
when arousal levels are not very high.76 Thus, the effect 
of negative emotions on pain seems to depend on fac-
tors other than emotional valence and arousal. It has 
been suggested, for example, that fear or stress, on the 
one hand, and anxiety on the other, may have opposite 
effects on pain.34 Others have suggested that negative 
emotions that are not pain-relevant may decrease pain, 
whereas pain-relevant emotions may increase pain.1,77 
This issue is still debated.

CLINICAL IMPLICATIONS

A clinical implication of the finding that negative 
emotions reduce or abolish placebo analgesia becomes 
evident in light of research that demonstrates the addi-
tive impact of placebos on conventional analgesics. Pla-
cebo effects on pain, due to expectations of pain relief, 
conditioning, or both, are an integrated part of analgesic 
treatment. Hidden administrations of analgesics have 
the potential to reveal such additive effects. The purpose 
of hidden treatments is to eliminate the effects of psycho-
logic mechanisms on analgesic outcome, e.g. the patient 
does not expect pain to be reduced under hidden admin-
istration. In contrast, open administration implies that 
the patient knows that a painkiller is administered, and 
when it is administered. Levine and Gordon69 examined 
the effects of open versus hidden treatments. They found 
that an open administration of placebo was as effective 
as about 8 mg of hidden administration of morphine. 
In this experiment the investigators had to increase the 
hidden morphine to 12 mg before the effect of morphine 
became significantly larger than the placebo treatment. 
Levine and Gordon,69 and later studies, demonstrated 
that hidden administration of drugs reduces the total 
therapeutic impact by preventing the inhibitory effect of 
expectations.78,79

Thus, in terms of the detrimental effects of fear on 
placebo analgesia, preventing fear and negative affect is 
one way in which treatment outcomes and patient care 
can be optimized. Different approaches of how to buffer 
negative affective states, either by working with them 
directly (i.e. psychotherapy, relaxation, medication) or 
indirectly (i.e. providing conditions for positive affect) 
should be a primary goal for all health-care personnel.

CONCLUSION AND FUTURE 
PERSPECTIVES

Studies described in this chapter have demonstrated 
that the inhibitory effect of the placebo interventions on 
pain is not sufficient to cause a decrease in pain for those 

FIGURE 8.3 Mean plasma cortisol in three groups in which pain 
was induced and the participants received an injection with three 
types of information: one group of participants received no informa-
tion about the injection; another group was told that the injection 
would reduce pain (placebo group); and a third group was told that 
the injection would increase pain (nocebo group). Information that the 
injection increased pain led to an increase in cortisol 20 minutes after 
the injection. Reprinted from Johansen et al14 with permission from the 
publisher.
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high in FoP or negative affect.2,3,32–34,47 Other studies that 
have demonstrated that negative affects cause a deac-
tivation in mu-opioid receptors (i.e. decrease in opioid 
binding) and increased opioid consumption, suggest 
that negative affects interfere with opioid neurotrans-
mission. Lyby et al34 and Benedetti et al57 directly dem-
onstrated that fear, and neural correlates of fear, abolish 
placebo analgesia.

The experimental designs used by Lyby et al34 and 
Benedetti et al57 represent operationalizations of simul-
taneous inhibitory (i.e. placebo) and facilitatory (i.e. neg-
ative emotions/cholecystokinin) activation. The finding 
that fear and a cholecystokinin agonist abolished placebo 
analgesia suggests that the facilitatory effect of fear and 
cholecystokinin canceled out the inhibitory effect of the 
placebo intervention. This interpretation is in line with 
converging evidence from both animal and human stud-
ies which demonstrate that the two divisions of the pain-
modulatory system can be activated at the same time 
and to different degrees, independently of one another 
(i.e. blocking one system will not affect activity in the 
other).67,80,81 This means that it is the end result of both 
(i.e. parallel) inhibitory and facilitatory activation that 
determines the direction and the degree of modulation. 
This perspective, primarily drawn from the study of pla-
cebo non-responders, may provide a more nuanced way 
of understanding placebo responding and the role of 
emotional modulation in placebo responding.
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The literature on placebo mechanisms is diverse, 
and many questions remain to be answered before 
a comprehensive understanding may reach general 
acceptance. Here, we argue that the neural mecha-
nisms underlying placebo responses must be under-
stood in the context of a model-driven approach to 
brain function, i.e. using the methods of mainstream 
cognitive neuroscience.

The early literature on placebo is concentrated on the 
magic of doctors’ actions in medical rituals and the use 
of inert treatments such as ‘placebo pills’. As the power 
of placebo effects reached a wider understanding, clini-
cal medicine was presented with multiple examples of 
scientifically unfounded hopes of placebo treatments 
as powerful tools in clinical practice.1 This early phase 
led to a longstanding debate whether a placebo effect is 
real or not2 and whether the use of placebo in clinical 
medicine is ethical or not. Today, there is a widespread 
use of deceptive placebos in clinical medicine3 in spite 
of the ethical problems connected to such practice.4 The 
debate regarding deceptive usage of placebos is still 
active and has presented a hurdle to cross for placebo 
research.

The second phase of placebo research has contrib-
uted to the inclusion of inactive treatment in drug tri-
als so as to handle the nuisance effects of the placebo 
response. In our early understanding, the placebo 
response was considered to be a non-specific nuisance 
effect separated from specific drug effects. In its most 
simple form, using a generalized model for many 
placebo effects, a placebo response is represented by 
a linear additive model, i.e. there is a fixed response 

constant over time for a certain treatment that may be 
separated into (1) specific treatment effects and (2) the 
nonspecific placebo effects. This model is still the basis 
for randomized controlled trials (RCTs) aimed at drug 
development and the way authorities and industries 
generally assess the efficacy of new drugs. The linear 
additive model may be seen as overly simplistic and 
fails to recognize the dynamics of the placebo phenom-
enon. The stubborn use of this model could potentially 
harm the estimations of real drug effects by decreas-
ing the sensitivity of the testing procedures. The lack of 
dynamic estimations of placebo–drug interactions may 
contribute to the failure of many clinical trials and the 
lack of innovation in pharmacologic treatment of e.g. 
chronic pain and depression.

The third phase of placebo research has been char-
acterized by groundbreaking discoveries regarding the 
neural mechanisms of placebo responses, facilitated by 
the advances in cognitive neuroscience and access to 
functional neuroimaging. The important first evidence 
that placebo mechanisms could be the target for system-
atic studies, and could be biomedically anchored, was 
provided by the seminal study by Levine and colleagues 
more than two decades before the advent of functional 
neuroimaging.5 Levine and colleagues demonstrated, in 
an elegant concept-driven design, that placebo analge-
sia could rationally be tied to the function of endorphine 
release. Since then, many behavioral studies have vali-
dated the original findings by Levine and co-workers, 
and some have added new information about the neu-
robiology of placebos. However, the original study by 
Levine and colleagues provided an essential conceptual 
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framework that has, since then, formed a foundation for 
current theories of placebo mechanisms.

An important step towards the understanding of pla-
cebo mechanisms was taken when some early accounts 
of a functional anatomy of placebo responses were 
published.6–8 Since then, the neuroscientifically based 
research has grown tremendously and contributed to 
important knowledge about the brain processes involved 
in placebo responses.

In summary, three important lines of scientific prog-
ress have taken place and moved the placebo phenome-
non into an important subject for neuroscience. Imaging 
has added information on the functional anatomic basis 
for different behavioral findings in placebo studies. 
Thereby, the proposed models of placebo mechanisms 
have been integrated into the framework of cognitive 
regulation, offering a more meaningful interpretation 
as to why a placebo phenomenon may occur. The evo-
lutionary drive for adaptability of the individual has 
been essential for human brain development. In spite 
of its billions of cells, the constant activity, and its mas-
sively parallel construction and self-organizing proper-
ties, the brain is energy efficient.9,10 This computational 
efficiency, and thereby energy efficiency, is upheld by 
general mechanisms that may apply directly to our 
understanding of placebo effects.

A descriptive quote from Steven Pinker11 nicely illus-
trates some of the problems we face when trying to con-
nect intuitive models of brain function with placebo 
theories:

‘The main lesson of thirty-five years of artificial intelligence 
(AI) research is that the hard problems are easy and the easy 
problems are hard. The mental abilities of a four-year-old that 
we take for granted – recognizing a face, lifting a pencil, walk-
ing across a room, answering a question – in fact solve some of 
the hardest engineering problems ever conceived… As the new 
generation of intelligent devices appears, it will be the stock an-
alysts and petrochemical engineers and parole board members 
who are in danger of being replaced by machines. The garden-
ers, receptionists, and cooks are secure in their jobs for decades 
to come’.

Pinker referred to Moravec’s paradox, stating that it 
is the high-level reasoning preformed by AI and robot-
ics researchers that, contrary to traditional assumptions, 
requires very little computation, whereas low-level 
sensorimotor skills require enormous computational 
resources. Placebo responses mainly pertain to the lat-
ter and thereby require a sophisticated approach to be 
understood.

The brain is a complex system, i.e. it is composed of 
interconnected parts that, taken together, exhibit one or 
more properties not obvious from the properties of its 
individual parts. At the same time, local modules can 
hold several functions and this economizes with wiring 
and thereby with energy and time.12 The representation 

of information in the brain network is related to the local 
network structure, and thus any information fed into the 
module will be handled in relation to the present net-
work status. Several theories now point in the direction 
that any internal representations (models) of the external 
world are performed directly in the systems for percep-
tion. Grounded theories on cognition (GTC) are gaining 
popularity with their ability to house the need for inter-
nal representation models of the environment directly 
bound to functional units. Furthermore, GTC allows for 
computational sparseness and a decreased need for syn-
chrony in time. GTC also assumes that there is no central 
module for cognition.13 According to this view, all cog-
nitions, including amodal cognitions such as reasoning, 
numeric, and language processing, emerge from a com-
bination of bodily, affective, perceptual, and motor pro-
cesses. GTC posits dynamic  brain–body–environment 
interactions and perception–action links as the com-
mon bases of simple behaviors as well as complex 
cognitive and social skills, without representational 
separations between these domains.14,15 An example of 
this reasoning can be found in the discussion on mirror 
neurons.16 Taken together, these theories of the brain’s 
continuous internal representation and integration of 
external events create a foundation for a neurocogni-
tive explanatory model of placebo responses. Based on 
GTC, the model points to the general principle of local 
discrimination between expected value and input, and 
any recorded discrepancies would be the output that 
needs to be accounted for.17 For example, the mismatch 
between an expected and perceived painful stimulus 
creates a discrepancy in the neural representation of that 
event. According to this model, the brain’s internal rep-
resentation of the painful stimulus can be adjusted and 
accounted for by altered top-down modulation of the 
nociceptive input.

The core concept of the perception–action loop as the 
major mechanism for non-declarative learning (uncon-
scious, implicit skills) has, together with the develop-
ment of the GTC concept, moved to entail all feedback 
systems in the brain, including those of emotional 
regulation. For example, an important addition to our 
understanding of pain regulation comes from the neu-
roanatomically based concepts developed by Craig, 
describing pain as a homeostatic emotion.18 According 
to Craig, homeostatic regulation of pain builds its activ-
ity on a mix of information based on nociception and 
expectations of nociceptive input, largely working in a 
top-down manner.

The concept of homeostatic feedback loops is also com-
patible with one of the most influential model  systems in 
computational neuroscience, namely the adaptive reso-
nance theory (ART) and its developments.19 This theo-
retical framework has the distinct property of allowing 
decisions based on sparse information, and thereby, to 
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be energy effective. The latter is of highest significance 
for any model that claims biologic relevance. A minimal 
model based on the above is illustrated in Fig. 9.1.

This model-driven understanding of the placebo 
concept automatically generates a number of testable 
hypotheses, and in this chapter we exemplify findings 
from neuroimaging according to the suggested model, 
referred to with arrow numbers from Fig. 9.1.

In the suggested model, all sensory input is compared 
to the expectancy of that particular input, directly in the 
primary input region, and any deviance will incur an 
activation (arrows 1 and 2). Any sensory activation could 
potentially invoke model comparisons, not only in the 
sensory regions, but also in motor regions downstream 
in the perception–action loop (arrows 3 and 4). Thus, an 
activation resulting from a placebo manipulation should 
be particularly expressed in the region where the com-
parison is made and in functional units downstream. 
Indeed, the original finding of changes both in the ros-
tral anterior cingulate cortex (ACC) and its connected 
regions in the lateral orbitofrontal and anterior insu-
lar cortices8 has been re-reported many times and thus 
seems to be a robust finding. The interpretation is that 
the activation in the rostral ACC/lateral orbitofrontal 
cortex is part of the network for mismatch detection and 
regulation. The finding is compatible with the proposed 
model of the comparison of sensory input and expecta-
tion in Fig. 9.1 (arrows 1, 2 and 3, 4).

Artificial stimuli also have the capacity to incur 
changes in brain regions as a response to inconsisten-
cies between sensory input and sensory expectation. 
The thermal grill illusion20 is a perfect example where 
an expected pattern of thermal stimuli is violated, which 
results in an awkward painful experience paired with 
thalamic hypoactivity.21,22 The illusion is a result of an 
unexpected thermal sensation by using a grill where 

every other grid element is warm and the others cool. 
It is likely that the unpleasantness alarm is set off due 
to the inadequacy of our inner model of what to expect.

In order to achieve an agreement between expected 
and actual input, either one can be adjusted. The expec-
tancy can be changed by feedback from the output 
(experience) (arrows 3-6-7). Thus, upon repeated sen-
sory stimuli, the primary sensory response should wain 
quickly as a result of adaptation in all components of 
the sensory system.23 In random passive movements 
such adaptation is limited. For example, if somebody 
else moves your finger or toe this limits predictions in 
space and time and therefore upsets the comparison 
system with increased activations.24 A placebo pertur-
bation (arrow 9) of the internally expected input might, 
by corresponding mechanisms, also wain with time 
irrespective of whether it is an induction of placebo or 
nocebo (negative placebo).25 This finding is, in turn, a 
clear pointer towards the difficulties of accepting some 
placebo assumptions in drug trials, positing that placebo 
is additive to a specific treatment effect and more or less 
constant over time.

Conversely, model preparedness for a change that ulti-
mately does not take place will also evoke an increased 
load and computational cost. We tested this in a para-
digm where a sensory stimulus (tickling) was adminis-
tered in a random manner. Subjects believed that each 
stimulus was preceded by a visual cue, but following 
the induction of the expectation (the cue) the experi-
ment was varied so that the visual cue was not always 
followed by the tickle. The findings demonstrated how 
a comprehensive representation of the tickle sensation 
was in preparedness, even in the absence of the sensory 
input, illustrating the power of an inner predictive model 
with strong priors.26 In an early study we demonstrated 
how inhibition of motor function could be elucidated 

FIGURE 9.1 The sensory input is fed directly to the model comparator (1) that compares the input with the internal representation of the  
expected information (the expectancy model) (2). The resulting subjective experience (3) then feeds into action (4), its feedback (5) and memory (6) 
that, in turn, influences the expectancy model (7). This information content has, in certain systems, also a possibility of directly influencing lower 
order systems via top-down influence (8). The model may also be directly influenced by induced changes (9) of e.g. context or other perturbations, 
such as a placebo induction.
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with positron emisson tomography (PET). We induced 
itch, with all its motivational drive to scratch, but gave 
strict verbal instruction not to do so.27 The motor pro-
gram for scratching is presumably well encoded, and 
hence, a number of brain regions connected to the actual 
behavior of scratching were all activated.

Our theoretical model posits that the mechanism of 
top-down regulation should be possible to invoke by 
instruction or manipulations of context (arrows 9 and 8).  
In an experimental pain experiment, we manipulated 
the instructions and told the research subjects that the 
painful stimulus (cold pressure test) would either last 60 
or 120 seconds. Unknowingly to the subjects, all mea-
surements were made during the first minute. Thus, the 
nociceptive input was constant, but the expectations 
were different due to the information that some sessions 
would include a more prolonged pain stimulus. The 
main finding was a suppressed activity bilaterally in the 
amygdala, which was interpreted as mirroring the adap-
tive response and the need to suppress the emotional 
response in order to endure the experimental situation.28

A specific trait of all different forms of adaptation 
(learning) is the variation of the time span for different 
forms of learning. While social learning often involves 
evolutionarily facilitated mechanisms for rapid learn-
ing, other forms of learning, such as skill learning, may 
need robust learning efforts with multiple repetitions to 
reach the desired level. The understanding of placebo 
as a modification of expectations necessitates the possi-
bility to quickly update and refresh one’s expectations.  
A number of scientific articles have demonstrated such 
an update of expectancies, and one of the first studies of 
sensory expectation29 elegantly demonstrated this.

The understanding of adaptability is connected to 
the concept of pattern recognition in space and time. 
A prediction from our general model, as presented in  
Fig. 9.1, is that withholding information will incur a 
computational cost as this invokes uncertainty and a 
possible mismatch between the expected and actual sen-
sory input. We tested this by demonstrating how a time-
locked visual and sensory stimulus quickly allowed 
for associative learning, and the generation of a robust 
expectancy model. When the time lock was broken, the 
model for predictability was incapacitated and the cost 
was noted both in sensory regions and regions associ-
ated with timing and pattern recognition.30

Placebo designs for brain imaging should ideally be 
anchored in cognitive theory or they run the risk of becom-
ing phenomenologic in their interpretations, with poor 
explanatory power of the biologic mechanisms underly-
ing placebo responses. Given the general concept that the 
model in Figure 9.1 presents, a placebo response should be 
possible to invoke in any system characterized by homeo-
static regulation, e.g. in all emotional domains. Our first 
generalization outside the domain of pain regulation was 

an experiment where we manipulated the expected emo-
tional reactions to images with aversive content (so-called 
IAPS images).31 We induced expectations by suggesting 
that we could lower the level of anxiety in response to the 
images by injection of a benzodiazepine, and conversely, 
remove this effect by a blocking antagonist. In line with 
the instructions, subjects were injected with real benzodi-
azepine and with the blocker (Lanexate (r)) while rating 
the invoked unpleasantness of the pictures. As expected, 
the rating decreased during benzodiazepine injection and 
increased following the injection of the blocker. On Day 
2 the subjects returned and were studied with functional 
magnetic resonance imaging (fMRI). The same scripted 
instructions were given as day one, but all the injections 
were exchanged for saline. The fMRI investigation dem-
onstrated that the same modulatory network, including 
the rostral ACC and the lateral orbitofrontal cortex, was 
involved in the anxiolytic placebo effect as in our previ-
ous findings in placebo analgesia. However, the top-down 
target of manipulation was situated, as the theory would 
predict, in the extrastriatal visual cortices and the amyg-
dala.32 The relevance of this finding was confirmed in a 
recently published fMRI study, using a paradigm where 
we studied top-down regulation of aversive pictures in 
response to explicit instructions of cognitive control. Sub-
jects were simply given the instruction to reappraise the 
emotional content to its fullest emotional expression (take 
in) or to reappraise with suppression (hold back). The latter 
induced a top-down reappraisal mechanism based in the 
dorsolateral prefrontal cortex, both for unpleasant and neu-
tral picture content, whereas the lateral orbitofrontal cortex 
selectively changed its activity in response to reappraisal 
of pictures with negative emotional content. Notably, this 
paradigm did not include any perturbation of the expec-
tancy model and therefore no need for regulation between 
the prior and the sensory input which might explain why 
no activation was incurred in the rostral ACC.33

Another important generalization of the theoretical 
models of placebo stems from the work by Schedlowski 
and colleagues. They have presented systematic studies 
of manipulations of expectancy in regard to the immune 
reflex, as described in the seminal work by Tracey and 
others.34,35 Tracey and co-workers have elegantly dem-
onstrated the nervous system regulatory mechanisms 
of e.g. macrophage activation in the periphery, and the 
existence of both afferent and efferent neuronal mecha-
nisms. This mechanism seems possible to manipulate by 
means of psychologic treatment interventions.36 Thus, 
as given in the general model (Fig. 9.1), the inflamma-
tory response, as mirrored in e.g. levels of cytokines, 
is possible to manipulate by means of cognitive repre-
sentations of induced expectations.37 The induction of 
a response is not static; it is dependent on several fac-
tors that together determine the intensity of the induc-
tion. A verbal instruction is often not enough, as the 
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activated mechanisms belong to an unaware physiologic 
domain.38 The clinical relevance, seen as the possibility 
of translating these findings into benefits for patients in 
clinical practice, may thus far not be fully understood. 
Yet, there are several important clues in the literature to 
the importance of this mechanism.

The massively parallel structure of the brain has 
a hierarchical organization along the neural axis. We 
hypothesize that a placebo response may be instanti-
ated at any level of the neural axis, as all levels carry 
the same principle of adjusting signalling between an 
internal comparator and priors. Thus, any level of the 
neural adaptive system could potentially be a target 
for a placebo manipulation. By generalizing placebo 
responses to an induced mismatch between an expected 
and actual input, it should be possible to get a placebo 
response also by induction via the unaware domain.  
A recent study39 demonstrated the ability not only to use 
implicit learning for induction of a placebo response, 
but importantly also to evoke this learnt association via 
stimuli of which the subject was unaware. The method 
used in this experiment was that of backward masking of 
visual stimuli, paired with painful stimuli. Interestingly, 
the application of a standardized pain intensity varied 
in subjective experience according to the preceding con-
ditioning that had been made, even if subjects were not 
aware of the conditioned cues they were presented with. 
The placebo response can thus be activated by learning 
mechanisms that operate outside of conscious aware-
ness, possibly through subcortical neural circuits. Con-
versely, our proposed model posits that if a cognitive 
instruction preceds a placebo response, this should have 
an instantiation in the frontal cortex. In a re-analysis40 
of our previous data8,32 we were able to demonstrate a 
separation between the neural correlates to placebo vs. 
specific drug treatment. While the effects in the rostral 
ACC were activated in both treatment conditions, the 
orbitofrontal activation was only found during placebo. 
In a direct challenge of the difference between placebo 
and drug analgesia, the finding of separable frontal 
activations related to expectancies was replicated.41 
This points to the great importance of furthering stud-
ies where pharmacologic and psychologic treatments 
are combined in the treatment of chronic pain, possibly 
elucidating segregated neural mechanisms, or interac-
tions, that have instrumental value for the development 
of new treatments.

Placing placebo mechanisms into an adaptive gen-
eral brain function brings on the hypothesis that placebo 
responses could possible be detected along the effector 
axis of any appropriate system (arrow 8). As an example, 
in our first paper, we could demonstrate that the placebo 
response incurred system-appropriate top-down regula-
tion at the level of the brainstem, including the periaq-
ueductal gray (PAG) and medulla.8 Several other studies 

have replicated this,42 and correspondingly direct imag-
ing of the opiate systems adds confirmation to this 
conclusion.43,44

An important addition to the understanding of 
system-relevant placebo responses was made when a 
proper and reproducible method to study fMRI pain 
activations was developed for the spinal cord.45 That 
team has directly demonstrated the top-down effects of a 
placebo analgesia manipulation in the spinal cord46 and 
that this response is modulated the same way as other 
pain modulatory interventions, such as distraction.47

Because a placebo response is possibly instantiated in 
the same system as the underlying process it is affecting, 
it is expected that the dynamics of placebo is reflected 
in the dynamics of that specific response. For example, 
the better the response to a drug, the better the pla-
cebo response. This has been repeatedly reported8,32,39 
and is therefore no surprise. Importantly, variations in 
the intensity of the induction of the placebo have been 
reported to also influence the activity in the primary 
region for coding of the regulation of the mismatch 
between expectancy and sensory input, represented in 
the rostral ACC.48

When placebo is put into the general framework of 
cognitive neuroscience it reduces the mystic view, and 
a picture emerges of placebo research as an area that 
may contribute to the understanding of brain function in 
general, and emotional regulation in particular. Another 
exciting area is the further developments in neuropsy-
choimmunology, where several tools now allow us to 
further operationalize the mechanisms of the interaction 
between bodily systems.

Here, we have established a foundation of placebo 
in learning theories. Knowing that cognitive behavioral 
therapy, and other modern psychologic interventions, 
are anchored in learning theory, it is possible to see that 
lessons from placebo research may be brought into the 
understanding of the brain mechanisms of effects of 
such therapies. Indeed, we have demonstrated the abil-
ity to invoke a cortically driven top-down control func-
tion of pain following treatment with behavioral therapy 
in subjects with chronic pain.49 This was indicated by an 
increased activity in the lateral frontal cortex upon pain 
provocation.

In summary, we have proposed an argument that 
placebo effects are the responses of an inherent brain 
mechanism that uses expectancy values as a mode to 
minimize discrepancies and computational load.
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BRAIN PREDICTORS OF INDIVIDUAL 
DIFFERENCES IN PLACEBO RESPONDING

One of the most consistent findings in the literature on 
placebo effects is their inconsistency across individuals. 
Placebo responses can relieve pain and improve clinical 
outcomes for some individuals, but others show little or 
no improvement following placebo treatment. Whereas 
placebo response magnitude is likely distributed on a 
continuum across individuals, individuals have often 
been dichotomized into placebo ‘responders’ and ‘non-
responders’. Assessed in this way, the proportion of 
‘placebo responders’ varies dramatically across different 
paradigms, probably because of variation in the strength 
and type of manipulation involved. Whereas 30–50% 
of individuals are typically found to experience posi-
tive placebo effects in clinical placebo-controlled trials,1 
studies that directly manipulate expectations about pain 
in healthy participants have shown expectancy effects in 
as much as 90–100% of participants.2 In this chapter, we 
refer to the magnitude of placebo responses on a con-
tinuous scale, as there is no conclusive evidence for a 
bimodal distribution of placebo ‘responders’ and ‘non-
responders’. Whether placebo responses are considered 
in continuous or binary terms, however, the variabil-
ity in placebo responses across individuals is real and 
substantial.

In this chapter, we argue that a placebo response at 
the level of an individual person is driven by both per-
sonal and situational factors. Uncovering the factors that 
underlie these sources of variation, and how they com-
bine together to create a strong placebo response, is an 
important goal. It has implications for understanding 
the nature of placebo effects, for promoting efficiency 
and reducing bias in placebo-controlled clinical trials, 

and for the potential application of placebo effects in 
clinical settings.3,4 Predicting and understanding placebo 
responses on an individual level could have direct impli-
cations for participant selection in clinical trials and for 
‘personalized medicine’—the prescription of treatments 
based on the individual characteristics of the patient.

Because of its importance in both basic and clinical 
research, a large number of studies have tried to uncover 
the role of individual differences and personality factors 
in the placebo response, with mixed outcomes. In the fol-
lowing sections, we first describe these previous attempts 
to characterize individual differences in personality and 
brain measures predictive of placebo response, as well as 
their limitations, with a specific focus on methodologic 
challenges in brain imaging studies. We then discuss 
the importance of considering the interactions between 
stable person-level traits and situational context, often 
referred to as person × situation-interactions,3,5 and pres-
ent possible solutions and avenues for future research on 
the prediction of placebo responses.

PERSONALITY AND BRAIN PREDICTORS 
OF PLACEBO ANALGESIA

A Mixed History of Individual Differences  
in Placebo Response

A long history of research has attempted to link differ-
ent personality characteristics with placebo responses.6 
Interestingly, over the decades there has been a shift 
in the literature on traits associated with placebo 
responses. Whereas early studies have often seen the 
placebo effect as fundamentally pathologic—e.g. aris-
ing from ‘ hysteria’—and related to traits such as social 
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desirability,3,7 more recent approaches have related pla-
cebo responses to more ‘positive’ traits and interpersonal 
factors, such as optimism.

Although suggestibility is still found to be associ-
ated with individual placebo outcome,8,9 several other 
personality variables that are negatively related to neu-
roticism and positively to resilience are showing prom-
ise as predictors of placebo responses. For example, the 
trait of optimism has repeatedly been shown to correlate 
with individual differences in placebo responses.10–12  
A recent study found that ego-resilience and agree-
ableness were positively predictive of the magnitude 
of placebo analgesia (PA), and neuroticism was nega-
tively predictive of placebo analgesia (PA).13 In this vein, 
putatively ‘dopamine-related’ personality traits such as 
behavioral activation and novelty seeking are also posi-
tively correlated with individual variability in placebo 
responses.14 These findings are consistent with others 
demonstrating that anxiety has a negative impact on 
placebo effects (see Table 10.1).15,16

In addition to stable personality traits, individual 
differences in emotional and cognitive states—which 
can vary substantially depending on the context—have 
important influences on placebo outcomes. Some of 
the best predictors of placebo analgesia in clinical set-
tings are a trusting relationship with the physician and 
a positive attitude towards the treatment.6 Further, a 
large number of studies have suggested a crucial role 
for expectations (i.e. subjectively predicted symptom 
improvement or pain relief)2,9,17–20 and desire for pain 
relief.1 In other settings, when placebo expectations 
are formed based on the observation of another person 
experiencing pain relief, PA has been shown to correlate 
with individual differences in empathic concern for the 
observed person.21

Although these findings suggest a plausible pattern of 
traits related to placebo responsiveness, it is important to 
note that the correlations between trait/state variables 
and individual differences in placebo analgesia have 
not been replicated across all studies, and the predic-
tive power of personality measures for placebo response 
remains relatively low. Arthur Shapiro,6 a prominent 
scholar who did much of this work, summarized those 
early studies this way: ‘The number of variables thought 
to be associated with the placebo effect increased with 
each study that was reviewed. …dramatic reports of vari-
ables associated with the placebo effect could not be rep-
licated…. Evaluation of these studies clearly indicated to 
us and others that agreement about what variables were 
consistently and meaningfully associated with placebo 
reaction could not be achieved.’ This might be in part 
due to the relatively small sample sizes in some of these 
studies. Another intrinsic limitation of self-report mea-
sures is their subjective nature. Self-reported outcomes, 
by definition, are limited to processes to which patients 

have introspective access, and they are colored by incen-
tives, decision biases and heuristics, and cultural display 
rules.22 In addition, from a conceptual perspective, if 
placebo responses are driven by situational variables, it 
is not clear whether personality traits alone should be 
able to predict a substantial amount of the variance in 
placebo response magnitude. Previous accounts have 
 highlighted the importance of situational factors and 
person × situation-interactions for placebo effects, as 
will be discussed in more detail below.3,5

Recent Advances from Brain Imaging Studies

In the past few years, a growing set of studies has 
focused on physiologic measures, especially neuroim-
aging-based measures of neurobiologic processes, as 
potential predictors of individual differences in PA. These 
studies have advanced our understanding of the brain 
mechanisms underlying placebo effects. Moreover, they 
can also shed light on the neurophysiologic systems that 
contribute to individual variability in placebo responses.

To date, functional MRI (fMRI) studies of placebo 
have primarily used pain as the modality of interest. 
Brain responses to pain are relatively well characterized 
and involve activation of a widespread set of cortical 
and subcortical areas, including primary somatosensory 
areas, insula, cingulate cortex, and thalamus.23–26 Sev-
eral studies, described below, have used activity in these 
characteristic ‘pain processing’ brain regions as an indi-
cator of brain processing of painful events, and tested 
whether and how they are modulated during placebo 
analgesia. In addition, placebo-induced activation out-
side these regions has been interpreted in terms of sup-
porting context and affective processes that contribute to 
the creation of PA.

Several fMRI studies converge on the observation that 
placebo-induced relief of pain is paralleled by decreased 
activation of target regions involved in the processing of 
nociceptive input.17,22,27–33 In addition, PA and expecta-
tion of pain relief are also related to increased activation in 
another set of brain regions—thought to underlie endog-
enous pain regulation along with other processes—
including orbitofrontal cortex, dorsolateral prefrontal 
cortex, perigenual anterior cingulate cortex, and periaq-
ueductal gray (PAG).17,22,29,32,34,35 While direct evidence 
regarding the specific roles of these prefrontal activa-
tions remains scarce, several authors have suggested 
that they might reflect expectation of pain relief or the 
maintenance of context representations that are used to 
create the placebo effect.4,34,36,37

Can we use functional brain imaging data to pre-
dict individual differences in PA? Evidence regarding 
brain correlates related to individual differences in PA 
comes from a number of studies (summarized in Tables 
10.1 and 10.2, as well as in Fig. 10.1 in the color section) 
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TABLE 10.1 Overview of Recent Studies Reporting Brain Correlates of Individual Differences in Placebo Analgesia (PA). N = Number 
of Participants. Abbreviations are Explained in the Footnotes

Study N Personality Brain measure Brain correlates Pain

Eippert et al 200940 48 – fMRI rACC–PAG coupling Heat

Elsenbruch et al 201288 36 – fMRI DLPFC, SII, vPCC, Thal Rectal

Geuter et al 201339 40 – fMRI DLPFC, SII, Thal, aIns, dACC, sgACC Heat

Hashmi et al 201242 30 – FC–fMRI VMPFC–Ins Back pain

Koban et al 201256 20 – ERP LPFC, SMA Heat

Kong et al 200689 16 – fMRI DLPFC, IFG, ACC, cerebellum, 
fusiform gyrus, parahippocampal

Heat

Kong et al 200990 24 – fMRI RSFG, RIFG Heat

Kong et al 201343 46 – FC–fMRI, fMRI Insula, precentral, DLPFC, fronto–
parietal network–rACC connectivity

Heat

Kotsis et al 201291 36 – fMRI RpIns, RPCC, RACC, LsFG, LThal 
LSTG, RMTG, LMTG, LSMA, RPut, 
RCer, RCaud, LIFG/LaIns

Rectal

Lieberman et al 200492 15 – PET RvlPFC, dACC Rectal (IBS)

Lui et al 201037 31 – fMRI RMFG, RIFG Laser

Lyby et al 201193 33 Stress, fear of pain ERP N2, P2 Heat

Peciña et al 201313 50 Ego-resiliancy, 
agreeableness, neuroticism, 
altruism, straight-
forwardness, angry hostility

PET (Opioid) dACC, PAG Saline

Schweinhardt et al14 
2008

22 BAS, TCI sMRI (VBM) Ins/TC, vStr, MFG, pIns Saline

Scott et al 200735 14, 30 MID task fMRI, PET (DA, 
Opioid)

NAC Saline

Scott et al 200849 20 – PET (Opioid, DA) Opioid: sgACC, rACC, oFC, aIns, 
pIns, NAC, rAmy, PAG. DA: NAC, 
vPut, RvCaud

Saline

Stein et al 201245 24 – White matter DTI rACC, RDLPFC Heat

Wager et al 200432 24, 23 – fMRI DLPFC, OFC Shock, heat

Wager et al 20114 47 – fMRI Antic OFC, DLPFC, Pre–SMA, 
reduced S2 area

Shock, heat

Watson et al 200912 11 – fMRI aMCC, PCC, postcentral gyrus Laser

Wiech et al 201094 16 FC–fMRI aIns–LMCC, aIns–MCC Laser

Zubieta et al 200695 19 – PET DLPFC, rACC, Ins, NAC Saline

fMRI, functional magnetic resonance imaging; FC–fMRI, functional connectivity fMRI; PET, positron emission tomography; sMRI (VBM), structural MRI (voxel-
based morphometry); DA, dopamine; DTI, diffusion tensor imaging; rACC–PAG, rostral anterior cingulate cortex–periaqueductal gray; DLPFC, dorsolateral 
prefrontal cortex; SII, second somatosensory area; vPCC, ventral posterior cingulate cortex; thal, thalamus; ins, insular cortex; p-ins, posterior insular cortex; aIns, 
anterior insular cortex; dACC, dorsal anterior cingulate cortex; sgACC, subgenual anterior cingulate cortex; VMPFC–Ins, ventromedial prefrontal cortex–insula; 
LPFC, lateral prefrontal cortex; SMA, supplementary motor area; IFG, inferior frontal gyrus; ACC, anterior cingulated cortex; RSFG, right superior frontal gyrus; 
RIFG, right inferior frontal gyrus; ERP, event-related potentials; PAG, periaqueductal gray; Ins/TC, insula/temporal cortex vStr, ventral striatum; MFG, middle 
frontal gyrus; NAC, nucleus accumbens; OFC, orbitofrontal cortex; rAmy, right amygdala; vPut, ventral putamen; RvCaud, right ventral caudate; RDLPFC, right 
dorsolateral prefrontal cortex; aMCC, anterior midcingulate cortex; PCC, posterior cingulate cortex; LMCC, left midcingulate cortex.
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TABLE 10.2 Legend for Studies and Contrasts Depicted in Figure 10.1. Abbreviations are Explained in the Footnotes

Number Study Contrast Modality

1 Wager et al 2004,32 Study 1 (Control – placebo) during pain correlated with placebo analgesia fMRI

2 Wager et al 2004,32 Study 1 (Placebo – control) during anticipation correlated with placebo analgesia fMRI

3 Wager et al 2004,32 Study 2 (Control – placebo) during early pain correlated with placebo analgesia fMRI

4 Wager et al 2004,32 Study 2 (Control – placebo) during late pain correlated with placebo analgesia fMRI

5 Lieberman et al 200492 (Before – after) placebo treatment correlated with symptom improvement PET

6 Kong et al 200689 (After – before) placebo – (placebo – control site) correlated with placebo 
analgesia

fMRI

7 Watson et al 200912 (Control – placebo) correlated with placebo analgesia fMRI

8 Wager et al 20114 (Placebo – control) during anticipation correlated with placebo analgesia fMRI

9 Wager et al 20114 (Control – placebo) during anticipation correlated with placebo analgesia fMRI

10 Wager et al 20114 (Control – placebo) during pain correlated with placebo analgesia fMRI

11 Eippert et al 200940 (Placebo – control) – (saline – naloxone) correlated with placebo analgesia; 
brainstem

fMRI

12 Stein et al 201245 FA correlated with placebo analgesia DTI

13 Hashmi et al 201242 (Decreasing back pain – persisting back pain) functional connectivity with 
LdlPFC at baseline

FC–fMRI

14 Hashmi et al 201242 (Persisting back pain – decreasing back pain) functional connectivity with 
LdlPFC at baseline

FC–fMRI

15 Hashmi et al 201242 (Decreasing back pain – persisting back pain) HF power at baseline fMRI (oscillation)

16 Hashmi et al 201242 (Persisting back pain – decreasing back pain) LF power at baseline fMRI (oscillation)

17 Schweinhardt et al 200814 GM density correlated with placebo analgesia VBM

18 Zubieta et al 200695 Opioid increase correlated with experienced/expected analgesia ratio PET opioid

19 Elsenbruch et al 201288 (Control – placebo) during anticipation correlated with placebo analgesia fMRI

20 Elsenbruch et al 201288 (Control – placebo) during pain correlated with placebo analgesia fMRI

21 Elsenbruch et al 201288 (Responders (control – placebo) – nonresponders (control – placebo)) during 
anticipation

fMRI

22 Elsenbruch et al 201288 (Responders (control – placebo) – nonresponders (control – placebo)) during pain fMRI

23 Kotsis et al 201291 (Nonresponders > responders) during anticipation fMRI

24 Kotsis et al 201291 (Nonresponders > responders) during pain fMRI

25 Wiech et al 201094 (Pain threshold for (high – low) threat stimuli) correlated with functional 
connectivity with aIns during anticipation

FC–fMRI

26 Wiech et al 201094 (Pain threshold for (high – low) threat stimuli) correlated with functional 
connectivity with aIns during stimulation

FC–fMRI

27 Geuter et al 201339 (Strong placebo – control) during early pain correlated with PA fMRI

28 Geuter et al 201339 (Control – weak placebo) during early pain correlated with PA fMRI

29 Geuter et al 201339 (Strong placebo – control) during late pain correlated with PA fMRI

30 Geuter et al 201339 (Control – weak placebo) during late pain correlated with PA fMRI

31 Lui et al 201037 (Placebo – control) during anticipation correlated with PA fMRI

32 Kong et al 201343 (Good responders (control – placebo) – poor responders (control – placebo)) 
during pain

fMRI

33 Kong et al 201343 (Placebo – control) correlates with PA fMRI
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using different brain-imaging techniques and modali-
ties, including functional and structural MRI, PET, and 
electrophysiology.

In an extensive re-analysis of two previously described 
experiments,4 we used brain activity during expectation 
and pain experience to predict individual differences in 
PA and placebo-induced decreases in putative ‘pain pro-
cessing’ brain regions. We used both standard regression 
analysis, which involves correlating activity voxel-by-
voxel with individual differences in PA, and multivariate 
LASSO (‘least absolute shrinkage and selection opera-
tor’38) regression, which uses brain activation patterns 
across multiple voxels in order to identify regions that 
are predictive of placebo response magnitude.

What predicts subjective reports of placebo analgesia: 
pain-related activity or activity during pain- anticipation? 
Counter-intuitively, reductions in pain-processing brain 
regions during placebo were not correlated with indi-
vidual differences in reported analgesia. Rather, brain 
activity during the anticipation of pain best predicted 
PA. Specifically, we found that PA was predicted by 
increased anticipatory activity on- vs. off-placebo in 
dlPFC, OFC, parietal cortex, and cerebellum, as well as 
decreased somatosensory activity during pain antici-
pation.4 Intriguingly, a different network, comprising 
ventral cerebellum, perigenual cingulate, and anterior 
cingulate cortex, was predictive of individual differ-
ences in reduced activation of the pain-processing brain 
regions.4 The only regions found to be predictive of 
both outcomes—reported PA and reduced activity in 
pain-processing regions—were pre-SMA and lateral 
prefrontal cortex. These findings suggest that different 
outcome measures may reflect different components of 
the placebo response—and, consequently, different mea-
sures may predict reductions in pain and pain-related 
brain processing. Similarly, another recent study found 
that subjective pain relief was correlated with increased 
activation of dlPFC and rostral ACC for a ‘strong’ 
(expensive) placebo paired with high pain relief during 
conditioning phase, as well as with decreased activation 
of dorsal ACC, anterior insula, and thalamus in a ‘weak’ 
(cheap) placebo condition (lower pain relief during the 
conditioning phase).39 While placebo treatments clearly 

have antinociceptive effects40,41—even potentially modu-
lating spinal cord signaling40—the reduction in nocicep-
tive processing might not be the most important factor 
driving reductions in self-reported pain in all conditions. 
In this case, neuroimaging also provides  alternative out-
comes for identifying placebo  responders—e.g. those 
with reduced activity in pain-responsive regions—which 
may ultimately help the field to move beyond the exclu-
sive reliance on self-reported outcomes and disentangle 
the complex influences on self-report.

Prediction of chronic pain and symptom severity 
in patient populations based on neuroimaging data is 
important for clinical purposes, but is only beginning 
to be systematically studied. A recent study investi-
gated how functional connectivity was related to anal-
gesic responses in patients suffering from chronic back 
pain during a 2-week placebo treatment.42 Baseline 
(pre- treatment) functional connectivity in BOLD signal 
between dorsomedial PFC and bilateral insula cortices 
was predictive of reduced pain two weeks later, as tested 
in an independent set of patients. Specifically, patients 
with persistent pain (i.e. non-responders) showed higher 
connectivity between dmPFC and insula than did those 
whose pain resolved (responders), and the authors 
therefore suggested that a higher negative affect may 
prevent placebo-induced pain improvements.42 In addi-
tion, high-frequency activity in the left dlPFC and con-
nectivity of this region to other brain areas, including the 
midcingulate cortex,was higher in resolving versus per-
sistent pain. The authors report that, together, the two 
connections (dmPFC-insula and  LdlPFC-midcingulate 
cortex) differentiated resolving from persistent pain 
with 90% accuracy. This unique attempt to predict 
pain persistence in patients suggests several promising 
strategies for future research. For example, as in many 
clinical studies, it was not possible to ascertain whether 
the patients with resolving pain improved because of 
an active placebo process or spontaneous healing and 
recovery. Studies with a no-treatment arm could help 
assess how much of the overall improvement is due to 
the placebo itself.

Resting-state functional connectivity of prefrontal 
areas might also be predictive for how expectations 

Number Study Contrast Modality

34 Kong et al 201343 Functional connectivity with sensory–motor network correlated with PA fMRI

35 Kong et al 201343 Functional connectivity with right frontoparietal network correlated with PA fMRI

36 Atlas et al 20102 Brain activity mediators (positive) of cue effects on pain. Increases during pain fMRI

37 Atlas et al 20102 Brain activity mediators (negative) of cue effects on pain. Decreases during pain fMRI

fMRI, functional magnetic resonance imaging; PET, positron emission tomography; FA, fractional anisotrophy; DTI, diffusion tensor imaging; FC–fMRI, functional 
connectivity fMRI; LDLPFC, left dorsolateral prefrontal cortex; VBM, voxel-based morphometry; PA, placebo analgesia.

TABLE 10.2 Legend for Studies and Contrasts Depicted in Figure 10.1. Abbreviations are Explained in the Footnotes — Cont’d
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influence pain in healthy participants. A recent study 
investigated the relationship between resting-state 
connectivity and cue-mediated changes in pain expe-
rience.43 These authors report that increased baseline 
resting-state connectivity of the right fronto-parietal net-
work with the rostral ACC was positively related to the 
magnitude of expectancy effects on pain. Connectivity 
between the somatosensory network and the cerebellum 
during rest was also positively associated with reduced 
pain in the cue-based expectation task. Further, they 
showed that decreases in pain-processing brain regions 
and lateral prefrontal cortex during painful stimulation 
covaried with changes in pain ratings.43

Several studies have also correlated measures of brain 
structure with placebo analgesia. Schweinhardt et al,44 
using voxel-based morphometry, found that gray mat-
ter density in nucleus accumbens (NAc), insula, and 
dlPFC correlated with larger PA. PA was also positively 
correlated with an average across several putatively 
‘dopamine-related’ traits, including novelty seeking and 
behavioral activation, and these traits were in turn cor-
related with structural differences in NAc and dlPFC.44 
Given these multiple links between personality, brain 
structure, and placebo outcomes, it would be interesting 
to investigate in future studies whether specific traits 
mediate the link between structural characteristics and 
PA, and how variables from different levels of obser-
vation could be integrated in multivariate predictive 
models.

Additional support for brain structural predisposition 
for placebo responsiveness comes from a recent diffu-
sion tensor imaging (DTI) study.45 These authors mea-
sured both local white matter anisotropy and structural 
connectivity—using a tract-finding algorithm—between 
a priori cortical and subcortical regions of interest. Indi-
vidual PA was related to increased ‘white matter integ-
rity’ (higher fractional anisotropy) in the vicinity of 
rostral ACC and in left dlPFC, as well as to stronger fiber 
tract connections of these two regions with the periaque-
ductal gray (PAG).45 These results further highlight the 
importance of cortical, ‘top-down’ modulatory prefron-
tal regions, and their connections to the descending pain 
inhibitory system in the brainstem for endogenous pain 
regulation.

In contrast to MRI, molecular imaging using posi-
tron emission tomography (PET) allows the measure-
ment of the activity of specific neurotransmitters and 
neuropeptides, and their relationship with PA. A num-
ber of pharmacologic and brain-imaging studies have 
provided evidence for a role for opioidergic activity in 
OFC, dlPFC, PAG, rostral ACC, and other regions in the 
creation of PA (e.g.33,40,41,46–49). Accordingly, several stud-
ies have investigated individual differences in the opioi-
dergic system, suggesting that higher μ-opioid activity 
(reduced [11-C] carfentanil binding), especially in the 

area of nucleus accumbens (NAc), predicts stronger pla-
cebo responses.49 A recent study (Peciña et al13) extends 
these findings by relating opioid activity to personality 
measures. Peciña et al reported that different subscales 
of agreeableness correlated positively, and neuroticism 
correlated negatively, with individual differences in both 
PA and placebo-induced mu-opioid activity in NAc, 
subgenual and dorsal ACC, OFC, dlPFC, insula, PAG, 
and thalamus. Opioidergic activity in dorsal ACC and 
PAG also correlated with reduced plasma cortisol lev-
els during pain (Peciña et al13). This study cannot estab-
lish a causal relationship between placebo and cortisol; 
the placebo condition always came second, so overall 
reductions in the placebo condition could be due to the 
placebo or natural recovery processes. Nonetheless, the 
finding of individual differences suggests a relationship 
between the central opioid and neuroendocrine systems.

Another important neurotransmitter associated with 
PA is dopamine (DA). Scott et al49 showed that, in addi-
tion to opioidergic activity, individual differences in DA 
activity in NAc were correlated with subjective PA. In 
another study from the same group, individual differ-
ences in DA activity in NAc during pain anticipation, as 
well as NAc activity in an unrelated reward anticipation 
task, were correlated with PA.35 Together, these findings 
further support the idea that the dopaminergic system 
and reward prediction mechanisms play an important 
role in PA (see also Schweinhardt et al14).

Whereas imaging studies are powerful in revealing 
the brain regions associated with pain processing and 
their modulation by placebo effects, electrophysiol-
ogy and magnetoencephalography have much higher 
temporal resolution, and their usefulness in placebo 
research has not yet been fully exploited. Several stud-
ies measuring event-related potentials (ERPs) elicited 
by painful laser pulses have shown that placebo leads 
to reduction in the amplitude of laser-evoked potentials, 
particularly the N2 and/or P2 components.50–55 These 
effects indicate a modulation in the neurophysiologic 
processing of painful stimuli as early as ∼200 msec after 
stimulus onset, which correlated with the subjectively 
experienced analgesic effect.15,51,53 The placebo effects on 
P2 were reduced for participants with high fear of pain, 
in line with a reduced analgesic effect for highly anxious 
individuals.15

In another recent ERP study, we reasoned that 
increased prefrontal activations during PA could be func-
tionally related to error monitoring and resolution. Dur-
ing PA, the brain has to adjust to a mismatch (or conflict) 
between expected and experienced pain, which could be 
achieved by more general mechanisms involved in con-
flict and error monitoring.56 In order to test this hypothe-
sis of a functional relationship between error processing 
and placebo, we measured ERPs to errors in a go/no-go 
task during expectation of placebo analgesia. Compared 
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to a matched control condition, placebo analgesia and 
individual differences in placebo-induced increases in 
pain tolerance were correlated with an enhanced error-
related positivity (Pe).56 This component peaks around 
200 ms after error commission and is related to the affec-
tive significance of errors and to post-error changes in 
regulatory control.57,58 The Pe effect had sources in the 
lateral PFC and dorsal mediofrontal cortex/SMA, in line 
with a critical role of these regions in PA.4 These results 
support a functional overlap of prefrontal mechanisms 
involved in PA and in detecting and adjusting to errors. 
Our findings are in line with earlier results that have 
demonstrated additional recruitment of prefrontal areas, 
especially lateral PFC and OFC, during placebo com-
pared to opioid analgesia.34 More studies are needed 
to investigate which other functional processes might 

be altered during PA, and how individual differences 
in cognitive control functions and emotion regulation 
relate to endogenous pain control.

Taken together, different brain imaging methods and 
experimental approaches in recent years have started 
to investigate how placebo effects are influenced by 
individual differences in brain function and structure. 
Despite the different methodologic approaches and 
brain-imaging techniques, a relatively coherent pat-
tern of brain correlates of PA is emerging (see Fig. 10.1), 
and some of these effects have been directly linked to 
personality traits and mental states. Interestingly, only 
some of these correlations are found in brain areas that 
are directly involved in the processing of nociceptive 
input, such as somatosensory areas (S2 and dorsal pos-
terior insula), dorsal ACC, anterior insula, and medial 

FIGURE 10.1 Brain correlates of individual placebo responses. (A) Coordinates from different studies and contrasts, listed by number in  
Table 10.2, at which brain measures are reported to correlate with individual differences in PA or to differ between groups of placebo responders 
and non-responders. Positive and negative correlations from fMRI and PET studies are shown in red and blue, respectively, with spheres and 
cubes for those points with correlating activity during pain and anticipation, respectively. Magenta spheres denote coordinates at which PET stud-
ies found increased opioid activity correlated with the ratio of experienced analgesia to expected analgesia. And locations of gray matter density 
(VBM) and white matter integrity (DTI) correlates (all positive) with placebo analgesia are marked with yellow and green spheres, respectively. 
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thalamus. Other correlates of individual differences in 
PA are found in other brain regions, especially in pari-
etal and prefrontal cortex, as well as brainstem areas (see 
Fig. 10.1).

One consistent finding across several studies is the 
involvement of neurophysiologic systems related to 
valuation and reward-processing, especially NAc/
ventral striatum, orbitofrontal areas, and vmPFC.59–62 
These activations have been related to individual dif-
ferences in reward learning,35 and to traits including 
Carver’s behavioral activation scale63 and novelty seek-
ing, which may reflect differences in trait dopaminergic 
activity across participants.44 Individuals with increased 
functional activity and structural integrity in these valu-
ation regions might be especially prone to PA because 

they efficiently learn to associate medical context and 
treatment cues with pain relief and reward value. 
Reward-related activity may also promote opioidergic 
anti-nociceptive circuits,64 but might also directly alter 
subjective evaluation and the affective meaning of pain 
experience.61

Further, as illustrated in Fig. 10.1, one of the most fre-
quently reported correlates of PA and relief expectations 
is the dlPFC.4,13,27,29,32,34,36,39,45,56 This region is consid-
ered a top-down element of the opioidergic descending 
pain modulatory system, but also has important roles in 
cognitive control and conflict resolution.65,66 As such, the 
dlPFC might maintain context representations and pain 
relief expectations during PA,2,4 which could be crucial 
to resolve a mismatch between expected pain and actual 

FIGURE 10.1 Cont’d (B) Coordinates at which oscillatory measures and functional connectivity findings from fMRI studies are reported to 
correlate with placebo analgesia (individual studies and contrasts are listed, by number, in Table 10.2). Included are high frequency band BOLD 
oscillations (HF) that were positively correlated with placebo analgesia (red); low frequency band BOLD oscillations (LF) that were negatively 
correlated with placebo analgesia (blue); locations where functional connectivity with left dorsolateral prefrontal cortex (LDLPFC) was positively 
(magenta) or negatively (cyan) correlated with placebo analgesia; locations where functional connectivity with anterior insula (aIns) during pain 
(green spheres) or anticipation (green cubes) was negatively correlated with placebo analgesia; locations where functional connectivity with the 
sensory-motor network was correlated positively with placebo analgesia (orange); and locations where functional connectivity with the right 
frontoparietal network was correlated positively with placebo analgesia (yellow). This figure has 2 parts: A and B; both parts are reproduced in color 
in the color section.
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nociceptive input.34,56 These ideas are also in line with 
the findings that opioid activity in this region is posi-
tively correlated with resilience and negatively corre-
lated with neuroticism (Peciña et al13). Future studies 
might investigate how prefrontal activity and structural 
properties relate to other important personality predic-
tors of PA related to expectations and emotion regula-
tion, especially optimism.67

Although this research on brain correlates of placebo 
effects has increased our insight into the mechanisms 
underlying PA, much more work is needed in order to 
find reliable predictors of placebo responsiveness and to 
tailor clinical placebo treatments to individual predispo-
sition and needs. In the following section, we highlight 
some limitations and methodologic pitfalls that con-
strain the current research on brain correlates of indi-
vidual placebo responses.

LIMITATIONS OF STUDIES ON 
INDIVIDUAL DIFFERENCES IN PA

Thus far, most experiments on brain predictors of pla-
cebo responses have not been specifically designed to 
study individual differences in placebo responses, and 
most of their findings, although compelling, await rep-
lication. One difficulty in comparing results is the vari-
ability in experimental procedures and brain-imaging 
techniques (Fig. 10.1), personality questionnaires, and 
outcome measures for placebo effects. Given the cost of 
brain-imaging studies and the need for publishing novel 
results, replications of previous experiments are often 
‘conceptual’ replications rather than exact ones.68,69 As 
a consequence, it is often difficult to determine whether 
incongruent results are due to differences in experimen-
tal design and measures, to lack of statistical power, or to 
an innate failure to replicate a previous study.70 This is a 
very general issue, but one that is amplified for research 
on brain correlates of individual differences due to the 
number of tests involved and the diversity of techniques.

A related problem is that not all measures of PA are 
equivalent, as they might be partly driven by different 
underlying processes. Differences in outcome measures 
across studies—e.g. reported pain, tolerance, or pain-
related brain activity; or pain in different  modalities—
might explain some of the inconsistencies. Self-reported 
PA is likely to be particularly complicated and only 
partly determined by anti-nociceptive processes. For 
instance, reductions in pain-related processing were 
unrelated to individual differences in self-reported PA, 
and were predicted by a different set of brain regions.4 
In another study, we found no significant correlation 
between self-reported pain relief and changes in a more 
implicit measure of PA, pain tolerance temperatures.56 
Future studies might include a comparison of different 

PA measures, such as pain thresholds, self-report regard-
ing different aspects (e.g. affect and intensity) of pain and 
relief, and peripheral and neurophysiologic indices of 
reduced nociceptive processing. An interesting question 
is whether different outcome measures reflect distinct 
aspects of PA and could be driven by different processes.

Several other limitations apply to most if not all cur-
rent studies on brain correlates of individual differences 
in PA. First, sample sizes in previous studies (typically  
N < 30, always N < 100, see Table 10.1) have been too 
small to reliably characterize individual differences. In 
addition, previous fMRI studies have not been designed 
to accurately measure how well brain activity can predict 
placebo response magnitude. This is because stringent 
multiple comparisons corrections, which are necessary 
for avoiding false positives, are associated with very low 
statistical power. Therefore, most true effects will not 
be detected, and those that are reported suffer from the 
‘winner’s curse’—the selection of significant voxels out 
of a large set of tests can dramatically inflate the apparent 
effect sizes.71–74 Thus, though most brain studies superfi-
cially appear to produce strong correlations between PA 
and brain measures, those effects generally appear much 
larger than they actually are, and these studies are ulti-
mately inadequate for studying individual differences. If 
the brain processes that contribute to PA are distributed 
rather than concentrated in a single anatomic region, the 
variance explained by any one region is probably small, 
and can only be detected in much larger samples than 
currently standard in brain imaging studies.74

What can be done in order to overcome some of 
these problems? First, larger sample sizes are needed to 
investigate individual differences with sufficient statis-
tical power. Second, echoing recent discussions in gen-
eral psychology, exact replication studies are needed to 
test and to challenge current hypotheses and functional 
models.68,69 And third, the use of techniques that combine 
information from multiple brain regions into a single predic-
tive model can help overcome both the inflation of appar-
ent effect sizes and some of the power limitations of 
small sample sizes.

This last point deserves further discussion. Studies 
investigating individual predictors of PA would benefit 
from the use of procedures explicitly designed to assess 
predictive accuracy from multivariate data (e.g. multiple 
brain voxels and/or multi-modal measures) in an unbi-
ased fashion. The use of holdout sets for replication and 
assessment of predictive accuracy have become com-
monplace in many fields.75 Cross-validation is a particu-
lar method for selecting holdout sets, in which a model 
is developed on a training set of observations and then 
accuracy is assessed on an independent test set. In cross-
validation, the model is developed multiple times on dif-
ferent training sets, so that each observation is part of 
at least one test set. If correctly applied, cross-validation 
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allows the quantification of how well all the available 
brain information can predict placebo responses in new 
patients or participants. Such techniques therefore have 
a crucial role if we aim at developing tools for predict-
ing outcomes in applied and clinical settings. This pro-
cedure represents an important shift away from the use 
of voxel-wise maps to assess brain correlates of placebo 
effects, as an entire brain map or an a priori portion thereof 
is used to generate an integrated prediction about the 
outcome (e.g. placebo analgesia), and the predictions 
are validated on new, independent observations whose 
‘ground truth’ need not be known in advance.

Thus far, there have been two studies using such pre-
dictive methods to try to predict placebo responders, 
one predicting placebo responses in healthy individuals4 
and the other predicting overall improvement on pla-
cebo in chronic low back pain.42 Both report encouraging 
results, and this method could be more widely used in 
the future. However, it is important to note that cross-
validation and replication are not panaceas, as they only 
yield truly unbiased (or minimally biased) measures of 
prediction accuracy the first time the test set is evaluated. 
If different models are developed after ‘peeking’ at the 
data in the test sets, the apparent accuracy of the model 
can be inflated.

In addition to increases in sample size and the use of 
integrated predictive models, data sharing and pooling 
across different experiments might also help to identify 
predictive factors in behavior or brain data.76 Indeed, 
several meta-analyses of placebo effects have begun 
evaluating the consistency of brain findings.22,27,29

The Conundrum: Situational Variables  
Impact Placebo

Even if we follow the recommendations regarding 
sample size, cross-validation, and other methodologic 
issues, there is one more fundamental limitation in the 
study of individual differences in PA. It is the power of 
the situation, and of interactions between individual 
predispositions and situational variables.

A necessary prerequisite for the identification of PA 
predictors based on individual differences is the stabil-
ity or reliability of placebo responses within individuals 
across time and situations,77,78 but very few studies have 
investigated re-test reliability and situational stability 
of individual placebo responses. As long as the experi-
mental setting, placebo treatment, and outcome mea-
sures are held constant, individual placebo responses 
can be relatively stable, as indicated by relatively high 
test-retest reliabilities between r = 0.6 and r = 0.8,11,32,78 
highlighting the stability of individual predispositions 
within situations.

Yet, individual responses can be highly variable when 
it comes to the comparison of different situations or 

experiments. An early study by Liberman77  compared 
placebo analgesia in a group of obstetric patients across 
three different situations: labor pain, post- partum 
pain, and experimentally induced muscle pain. PA 
responses were uncorrelated across sessions. Liber-
man concluded that personality characteristics do not 
determine individual placebo responses. An important 
limitation of this study was that the treatment contexts 
were highly different and the outcome measure of PA 
very crude, so that the influence of situational factors 
might have  dominated any effect of stable person-level 
predispositions.

A more recent study by Whalley et al78 investigated 
more systematically whether placebo responses are reli-
able across situations. Whalley and colleagues measured 
PA across four different trials. They used two differen-
tially labeled, but otherwise identical, placebo creams 
(‘Ibuprofen’ and ‘Trivaricaine’), which were each tested 
across two different sessions in the same 71 participants. 
Whereas they found high correlations across sessions for 
analgesic responses to the same placebo label (i.e. test–
retest reliabilities of r = 0.60 and 0.77), the relationship 
across different labels (brand names) was not signifi-
cant.78 These results indicate that even minor changes 
in placebo treatment have a strong impact on partici-
pants’ responses, and that individual analgesic out-
comes can be very consistent when tested in exactly the 
same way, but not when tested in a different treatment 
context. The authors concluded that ‘[…] the search for 
a generic  placebo responder—one who responds consis-
tently to placebo across different situations—can never 
be successful, and our failure to find general associations 
between placebo responses and personality measures is 
therefore unsurprising.’78

This low consistency of individual responses across 
different treatment settings illustrates that a very impor-
tant amount of variance in the placebo response is deter-
mined by situational factors—though, as we argue below, 
it does not mean that stable, person-level variables are 
not important. Previous research has demonstrated that 
prior experience, type of placebo treatment, and vari-
ous other factors related to the psychosocial context or 
the patient–physician relationship impact the placebo 
response.1,6,22,79 One example is the influence of prior 
exposure and learning on placebo effects. For example, a 
greater number of conditioning trials leads to larger pla-
cebo effects, makes them more resistant to extinction,80 
and can even overrule debriefing about the placebo pro-
cedure.81 Deception about the treatment might not even 
be necessary to elicit a placebo response.82 On the other 
hand, it has been shown that suggestion alone can be 
sufficient to produce placebo effects, albeit weaker than 
those following conditioning.46 Together, these findings 
suggest that there may be multiple routes to placebo 
analgesia. If we consider these important situational 
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factors, it might come as no surprise that individuals 
who show strong PA in one situation might experience 
little relief in another (Colloca, this book, Chapter 15).

SOLUTIONS

To summarize our discussion so far, the review of the 
previous literature indicates that personality measures 
and neurophysiologic variables—some of them likely 
to be stable person-level characteristics, such as mea-
sures of brain structure—have some predictive value 
for individual placebo responses. At the same time, it 
is becoming increasingly clear that these predictors are 
not necessarily always replicable or equally important 
across different experimental procedures or placebo 
treatments. Situational factors have a powerful role in 
determining individual placebo responses. How can we 
reconcile these opposing perspectives and move toward 
more accurate predictions of individual differences in 
placebo responses?

We suggest that this is not a new problem, but one 
of long-standing controversy in social and personality 
psychology (often referred to as ‘person versus situa-
tion debate’, e.g.5,70,83,84) concerning whether more vari-
ance in behavior is explained by situational factors or by 
stable personality traits. As in other debates, the truth 
lies probably in between—or, more precisely, in inter-
actions, as neither person-level nor situational variables 
alone are sufficient—and a more fruitful approach lies 
in the integration of the two opposing views. Mischel 
(2004)5 proposed that finding stable personality factors 
requires taking into account situational variability, and 
especially person–situation interactions. The temporal 
stability of personality might even be characterized by 
how an individual behaves across different situations, 
which could constitute a relatively stable, person-spe-
cific behavioral pattern.5 For instance, one person could 
be very outgoing and extraverted when interacting in 
a small group or with friends, but still be shy in larger 
group settings and with strangers, whereas another 
person might enjoy public speaking but be more intro-
verted in smaller groups. Whereas both persons might 
score intermediate on extraversion when aggregating 
across situations, their specific personalities would be 
more finely reflected in the pattern of situation-specific 
individual responses.

From this perspective, placebo effects may be best 
characterized as driven by complex interactions between 
individual predispositions such as personality or brain 
characteristics and situational, contextual factors.3,5,67,85 
In other words, PA requires the right type of person in 
the right situation, as illustrated in Fig. 10.2. For exam-
ple, having an optimistic personality is not sufficient 
for pain relief (Fig. 10.2, P), nor is a positive suggestion 

alone (Fig. 10.2, S). However, when an optimistic person 
receives a positive suggestion, he or she may experi-
ence a strong analgesic effect (Fig. 10.2, P × S, see also 
Geers et al10). The opposite effect might be observed for 
a pessimistic personality when encountering a negative 
suggestion. In this case, even an increase of pain (or a 
nocebo response) may occur.67

This account is in line with the richness of placebo 
manipulations and the complexity of the mechanisms 
underlying these effects.86,87 Whereas one person might 
respond effectively to a conditioning procedure, another 
individual may be more susceptible to instructions and 
conscious expectations of analgesic effects. A third per-
son might be very sensitive to social factors, and there-
fore respond positively after observing pain relief in 
another individual21 or when the treatment is admin-
istered by a trusted care provider. Further, individual 
prior experience with specific treatments might enhance 
or counteract positive placebo effects by shaping situa-
tion-specific expectations of pain relief or increase. For 
instance, one of the first participants in our early stud-
ies32 dropped out when he learnt that an analgesic cream 
would be applied to his arm. He told us that he reacts 
badly to creams, and was sure he was going to get a rash. 
Unlike for many other participants, the placebo cream 
was highly aversive, making it unlikely that he would 
show a placebo response even if he has the right per-
sonality, genetics, brain structure, etc. A placebo pill or 
injection, on the other hand, might have yielded a very 
different treatment response.

Therefore, an important challenge for future research  
lies in disentangling the different pathways (e.g. 
 conditioned analgesia versus expectations versus 
social effects) leading to PA and other kinds of placebo 
effects, and to refine predictions of placebo responses 
by  taking person × situation-interactions into account 
(see Fig. 10.2).

HOW CAN BRAIN IMAGING 
STUDIES FIND BRAIN PREDICTORS 
OF PA? RECOMMENDATIONS AND 

CONCLUSIONS

Despite the inconsistency of placebo responses across 
different situations, brain predictors can have a signifi-
cant advantage over personality traits such as optimism, 
agreeableness, or resilience alone. Thus, predictive mod-
els using machine learning based on brain activity or func-
tional connectivity might successfully predict PA in new 
data sets.4,42 Furthermore, fMRI measures such as dlPFC 
activity4 may increase only when the right person is in 
the right situation, and thus track the product of person ×  
situation-interactions that arise through various means. 
Functional brain measures might therefore be more 
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powerful in explaining inter-individual variance than 
situational or self-report questionnaire measures alone. 
Brain measures of anatomy, such as gray matter den-
sity or fiber tract connectivity, on the other hand reflect 
relatively stable factors, and might therefore be predic-
tive only when the situation (and participants’ percep-
tion of it) is held constant. A promising avenue for future 
research lies in the investigation of how structural brain 
anatomy and personality factors relate to each other, and 
how structural factors and functional brain activity inter-
act during PA.

In order to increase our understanding of individual 
differences in placebo mechanisms and to be able to 
better predict the magnitude of the analgesic response 
for individual participants and patients, several 
approaches might be productively taken. First, in order 
to detect stable, person-level predictors of PA, indi-
viduals’ perceptions of the treatment context (the situ-
ational factors) must be as identical as possible. Though 
it may not be possible to completely control situational 
variables, it is also possible to measure participants’ sit-
uation-specific feelings, expectations, and attributions 
and use them to explain variability in PA. Second, it 
would be productive to jointly manipulate situational 
and person-level variables, and to study situation × 
person-interactions10,15,67 and how they relate to the 
level of individual brain responses and  neuroanatomic 
characteristics. Finally, larger scale studies will be 
needed to provide more conclusive evidence regard-
ing the predictability of individual differences in pla-
cebo responses. Such responses could include multiple 
types of outcome variables and multiple types of pre-
dictors—e.g. personality questionnaires, multi-modal 
brain imaging, and genotyping—in order to obtain a 
comprehensive picture of how people and  situations 
interact to produce placebo effects.
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FIGURE 10.2 Illustration of possible roles of person  characteristics  
and situation characteristics with respect to placebo response. Each 
 panel shows diagrammatically, from left to right, a set of  individuals 
with varying trait optimism/pessimism levels (an example of a 
 person-level variable) experiencing a positive, negative, or  neutral 
 suggestion about treatment efficacy (a situational variable), and 
 subsequently rating the intensity of a painful stimulus. In the three 
 panels, the set of outcomes are determined by: (P) only the  person-level 
variable; (S) only the  situational variable; and (P×S) an interaction 
 between the two variables. In the interaction case,  analgesia is shown 
by the right kind of person in the right situation, and simple effects 
of each variable need neither exist nor be easily detectable if they do 
 exist. This figure is reproduced in color in the color section.

t



BRAIN PREDICTORS OF PLACEBO RESPONDING 101

References
 1.  Price DD, Finniss DG, Benedetti F. A comprehensive review of 

the placebo effect: recent advances and current thought. Annu Rev 
 Psychol. 2008;59:565-590.

 2.  Atlas LY, Bolger N, Lindquist MA, Wager TD. Brain media-
tors of predictive cue effects on perceived pain. J Neurosci. 2010; 
30(39):12964-12977.

 3.  Shapiro AK, Struening EL, Shapiro E. The reliability and validity of 
a placebo test. J Psychiatr Res. 1979;15(4):253-290.

 4.  Wager TD, Atlas LY, Leotti LA, Rilling JK. Predicting individual 
differences in placebo analgesia: contributions of brain activity dur-
ing anticipation and pain experience. J Neurosci. 2011;31(2):439-452.

 5.  Mischel W. Toward an integrative science of the person. Annu Rev 
Psychol. 2004;55:1-22.

 6.  Shapiro AK, Shapiro E. The Powerful Placebo: from Ancient Priest to 
Modern Physician. Baltimore: Johns Hopkins University Press; 1997.

 7.  Beecher HKS, Keats A, Mosteller F, Lasagna L. The effectiveness 
of oral analgesics (morphine, codeine, acetylsalicylic acid) and the 
problem of placebo ‘reactors’ and ‘non-reactors’. J Pharmacol Exp 
Ther. 1953;109(4):393-400.

 8.  De Pascalis V, Chiaradia C, Carotenuto E. The contribution of 
 suggestibility and expectation to placebo analgesia phenomenon in 
an experimental setting. Pain. 2002;96(3):393-402.

 9.  Morton DL, El-Deredy W, Watson A, Jones AK. Placebo analgesia 
as a case of a cognitive style driven by prior expectation. Brain Res. 
2010;1359:137-141.

 10.  Geers AL, Kosbab K, Helfer SG, et al. Further evidence for 
 individual differences in placebo responding: an interactionist 
 perspective. J Psychosom Res. 2007;62(5):563-570.

 11.  Morton DL, Watson A, El-Deredy W, Jones AK. Reproducibil-
ity of placebo analgesia: Effect of dispositional optimism. Pain. 
2009;146(1-2):194-198.

 12.  Watson A, El-Deredy W, Iannetti GD, et al. Placebo conditioning 
and placebo analgesia modulate a common brain network during 
pain anticipation and perception. Pain. 2009;145(1–2):24-30.

 13.  Peciña, M, Azhar, H, Love, TM, et al. Personality Trait Predictors 
of Placebo Analgesia and Neurobiological Correlates. Neuropsycho-
pharmacology. 2013;38(4):639-646. doi:10.1038/npp.2012.227.

 14.  Schweinhardt P, Kuchinad A, Pukall CF, Bushnell MC. Increased 
gray matter density in young women with chronic vulvar pain. 
Pain. 2008;140(3):411-419.

 15.  Lyby PS, Aslaksen PM, Flaten MA. Is fear of pain related to placebo 
analgesia? J Psychosom Res. 2010;68(4):369-377.

 16.  Ober K, Benson S, Vogelsang M, et al. Plasma noradrenaline 
and state anxiety levels predict placebo response in learned 
 immunosuppression. Clin Pharmacol Ther. 2012;2:220-226.

 17.  Atlas LY, Whittington RA, Lindquist MA, et al. Dissociable influ-
ences of opiates and expectations on pain. J Neurosci. 2012;32(23): 
8053-8064. doi:10.1523/JNEUROSCI.0383-12.2012.

 18.  Kirsch I. Response expectancy as a determinant of experience and 
behavior. Am Psychologist. 1985;40:1189-1202.

 19.  Price DD, Milling L, Kirsch I, et al. An analysis of factors that 
 contribute to the magnitude of placebo analgesia in an  experimental 
paradigm. Pain. 1999;83:147-156.

 20.  Vase L, Robinson M, Verne G, Price D. Increased placebo 
 analgesia over time in irritable bowel syndrome (IBS) patients is 
 associated with desire and expectation but not endogenous opioid 
 mechanisms. Pain. 2005;115(3):338-347.

 21.  Colloca L, Benedetti F. Placebo analgesia induced by social 
 observational learning. Pain. 2009;144(1-2):28-34.

 22.  Wager TD, Fields H. Placebo analgesia. In: Textbook of Pain. In press.
 23.  Apkarian AV, Bushnell MC, Treede RD, Zubieta JK. Human brain 

mechanisms of pain perception and regulation in health and 
 disease. Eur J Pain. 2005;9(4):463-484.

 24.  Bushnell MC, Duncan GH, Hofbauer RK, et al. Pain perception: is 
there a role for primary somatosensory cortex? Proc Natl Acad Sci 
USA. 1999;96(14):7705-7709.

 25.  Iannetti GD, Mouraux A. From the neuromatrix to the pain matrix 
(and back). Expl Brain Res. 2010;205(1):1-12.

 26.  Rainville P, Duncan GH, Price DD, et al. Pain affect encoded in 
human anterior cingulate but not somatosensory cortex. Science. 
1997;277(5328):968-971.

 27.  Martina Amanzio, Fabrizio Benedetti, Porro Carlo A, et al. 
 Activation likelihood estimation meta-analysis of brain correlates 
of placebo analgesia in human experimental pain. Hum Brain Map. 
2011. doi:10.1002/hbm.21471.

 28.  Eippert F, Finsterbusch J, Bingel U, Buchel C. Direct evidence 
for spinal cord involvement in placebo analgesia. Science. 2009; 
326(5951):404.

 29.  Meissner K, Bingel U, Colloca L, et al. The placebo effect: 
 advances from different methodological approaches. J Neurosci. 
2011;31(45):16117-16124.

 30.  Petrovic P, Kalso E, Petersson KM, Ingvar M. Placebo and 
 opioid analgesia – imaging a shared neuronal network. Science. 
2002;95(5560):1737-1740.

 31.  Price DD, Craggs J, Verne G, et al. Placebo analgesia is accompanied 
by large reductions in pain-related brain activity in irritable bowel 
syndrome patients. Pain. 2007;127:63-72.

 32.  Wager TD, Rilling JK, Smith EE, et al. Placebo-induced  changes 
in FMRI in the anticipation and experience of pain. Science. 
2004;303(5661):1162-1167.

 33.  Zubieta J, Bueller J, Jackson L, et al. Placebo effects mediated by 
endogenous opioid activity on mu-opioid receptors. J Neurosci. 
2005;25(34):7754-7762.

 34.  Petrovic P, Kalso E, Petersson KM, et al. A prefrontal non-opioid 
mechanism in placebo analgesia. Pain. 2010;150:59-65.

 35.  Scott D, Stohler C, Egnatuk C, et al. Individual differences in 
 reward responding explain placebo-induced expectations and 
 effects.  Neuron. 2007;55(2):325-336.

 36.  Krummenacher P, Candia V, Folkers G, et al. Prefrontal cortex 
modulates placebo analgesia. Pain. 2010;148:368-374.

 37.  Lui F, Colloca L, Duzzi D, et al. Neural bases of conditioned  placebo 
analgesia. Pain. 2010;151(3):816-824.

 38.  Tibshirani R. Regression shrinkage and selection via the lasso. J Roy 
Statist Soc Series B (Methodological). 1996;58(1):267-288.

 39.  Geuter S, Eippert F, Hindi A, et al. Cortical and subcortical 
 responses to high and low effective placebo treatments.  Neuroimage. 
2013;67:227-236.

 40.  Eippert F, Bingel U, Schoell E, et al. Activation of the opioider-
gic descending pain control system underlies placebo analgesia. 
 Neuron. 2009;63:533-543.

 41.  Wager T, Scott DJ, Zubieta JK. Placebo effects on human  
μ-opioid activity during pain. Proc Natl Acad Sci USA. 2007;104(26): 
11056-11061.

 42.  Hashmi JA, Baria AT, Baliki MN, et al. Brain networks predict-
ing placebo analgesia in a clinical trial for chronic back pain. Pain. 
2012;153(12):2393-2402.

 43.  Kong J, Jensen K, Loiotile R, et al. Functional connectivity of the 
frontoparietal network predicts cognitive modulation of pain. Pain. 
2013. doi:10.1016/j.pain.2012.12.004.

 44.  Schweinhardt P, Seminowicz DA, Jaeger E, et al. The anatomy of 
the mesolimbic reward system: a link between personality and the 
placebo analgesic response. J Neurosci. 2009;29(15):4882-4887.

 45.  Stein N, Sprenger C, Scholz J, et al. White matter integrity of the de-
scending pain modulatory system is associated with  interindividual 
differences in placebo analgesia. Pain. 2012;153(11):2210-2217.

 46.  Amanzio M, Benedetti F. Neuropharmacological dissection of  placebo 
analgesia: expectation-activated opioid systems versus conditioning-
activated specific subsystems. J Neurosci. 1999;19(1):484-494.

http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref9085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref9085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref9085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0225


PLACEBO AND PAIN102

 47.  Bingel U, Lorenz J, Schoell E, et al. Mechanisms of placebo 
 analgesia: rACC recruitment of a subcortical antinociceptive net-
work. Pain. 2006;120(1-2):8-15.

 48.  Levine JD, Gordon NC, Fields HL. The mechanism of placebo 
 analgesia. Lancet. 1978;2(8091):654-657.

 49.  Scott DJ, Stohler C, Egnatuk C, et al. Placebo and nocebo effects are 
defined by opposite opioid and dopaminergic responses. Arch Gen 
Psychiatr. 2008;65(2):220-231.

 50.  Aslaksen PM, Bystad M, Vambheim SM, Flaten MA. Gender differ-
ences in placebo analgesia: event-related potentials and emotional 
modulation. Psychosom Med. 2011;73(2):193-199. doi:PSY.0b013e318
2080d73.

 51.  Colloca L, Tinazzi M, Recchia S, et al. Learning potentiates neu-
rophysiological and behavioral placebo analgesic responses. Pain. 
2008;139(2):306-314.

 52.  Flaten MA, Aslaksen PM, Lyby PS, Bjorkedal E. The relation of  emotions 
to placebo responses. Phil Trans R Soc Ser B. 2011;366(1572):1818-1827.

 53.  Morton DL, Brown CA, Watson A, et al. Cognitive changes as a result 
of a single exposure to placebo. Neuropsychologia. 2010;48(7):1958-1964.

 54.  Wager TD, Matre D, Casey KL. Placebo effects in laser-evoked pain 
potentials. Brain Behav Immun. 2006;20(3):219-230.

 55.  Watson A, El-Deredy W, Vogt BA, Jones AK. Placebo analgesia 
is not due to compliance or habituation: EEG and behavioural 
 evidence. Neurorep. 2007;18(8):771-775.

 56.  Koban L, Brass M, Lynn MT, et al. Placebo analgesia affects brain 
correlates of error processing. PLoS One. 2012;7(11):e49784.

 57.  Ridderinkhof KR, Ramautar JR, Wijnen JG. To P(E) or not to P(E): a 
P3-like ERP component reflecting the processing of response errors. 
Psychophysiology. 2009;46(3):531-538.

 58.  Ullsperger M, Harsay HA, Wessel JR, et al. Conscious perception 
of errors and its relation to the anterior insula. Brain Struct Funct. 
2010;214(5–6):629-643.

 59.  O’Doherty J, Kringelbach ML, Rolls ET, et al. Abstract reward and 
punishment representations in the human orbitofrontal cortex. Nat 
Neurosci. 2001;4(1):95-102.

 60.  O’Doherty JP, Dayan P, Friston K, et al. Temporal difference 
models and reward-related learning in the human brain. Neuron. 
2003;38(2):329-337.

 61.  Roy M, Shohamy D, Wager TD. Ventromedial prefrontal- subcortical 
systems and the generation of affective meaning. Trends Cogn Sci. 
2012;16:147-156.

 62.  Schultz W. Neural coding of basic reward terms of animal  learning 
theory, game theory, microeconomics and behavioural ecology. 
Curr Opin Neurobiol. 2004;14(2):139-147.

 63.  Carver CS, White TL. Behavioral inhibition, behavioral activation, 
and affective responses to impending reward and punishment: the 
BIS/BAS Scales. J Pers Soc Psychol. 1994;67(2):319-333.

 64.  Leknes S, Tracey I. A common neurobiology for pain and pleasure. 
Nat Rev Neurosci. 2008;9(4):314-320. doi:10.1038/nrn2333.

 65.  Miller EK, Cohen JD. An integrative theory of prefrontal cortex 
function. Annu Rev Neurosci. 2001;24:167-202.

 66.  Nee DE, Wager TD, Jonides J. Interference resolution: insights from 
a meta-analysis of neuroimaging tasks. Cogn Affect Behav Neurosci. 
2007;7(1):1-17.

 67.  Geers AL, Helfer SG, Kosbab K, et al. Reconsidering the role of per-
sonality in placebo effects: dispositional optimism,  situational expec-
tations, and the placebo response. J Psychosom Res. 2005;58(2):121-127.

 68.  Makel MC, Plucker JA, Hegarty B. Replications in psychology 
research: how often do they really occur? Perspect Psychol Sci. 
2012;7(6):537-542.

 69.  Pashler H, Harris CR. Is the replicability crisis overblown? Three 
arguments examined. Perspect Psychol Sci. 2012;7(6):531-536.

 70.  Mischel W. Personality and Assessment. New York: Wiley; 1968.
 71.  Kriegeskorte N, Lindquist MA, Nichols TE, et al. Everything you 

never wanted to know about circular analysis, but were afraid to 
ask. J Cereb Blood Flow Metab. 2010;30(9):1551-1557. doi:10.1038/ 
jcbfm.2010.86.

 72.  Lieberman MD, Berkman ET, Wager TD. Correlations in social 
 neuroscience aren’t voodoo: commentary on Vul et al. (2009). 
 Perspect Psychol Sci. 2009;4(3):299-307.

 73.  Vul E, Harris C, Winkielman P, Pashler H. Puzzlingly high 
 correlations in fMRI studies of emotion, personality, and social 
 cognition 1. Perspect Psychol Sci. 2009;4(3):274-290.

 74.  Yarkoni T. Big correlations in little studies: inflated fMRI  correlations 
reflect low statistical power—commentary on Vul et al. (2009).  
Perspect Psychol Sci. 2009;4(3):294-298.

 75.  Hastie T, Tibshirani R, Friedman J, Franklin J. The elements of 
 statistical learning: data mining, inference and prediction.  Mathemat 
Intelligen. 2005;27(2):83-85.

 76.  Yarkoni T, Poldrack RA, Van Essen DC, Wager TD. Cognitive neuro-
science 2.0: building a cumulative science of human brain function. 
Trends Cogn Sci. 2010;14(11):489-496. doi:10.1016/j.tics.2010.08.004.

 77.  Liberman R. An experimental study of the placebo response under 
three different situations of pain. J Psychiatr Res. 1964;33:233-246.

 78.  Whalley B, Hyland M, Kirsch I. Consistency of the placebo effect.  
J Psychosom Res. 2008;64(5):537-541.

 79.  Benedetti F. Placebo Effects: Understanding the Mechanisms in Health 
and Disease. Oxford: Oxford University Press; 2009.

 80.  Colloca L, Petrovic P, Wager TD, et al. How the number of learn-
ing trials affects placebo and nocebo responses. Pain. 2010;151(2): 
430-439.

 81.  Schaefer S, Wager TD. Separable correlates of experience and belief in 
 placebo analgesia. New Orleans: Paper presented at the  Neuroscience; 
October 13–17, 2012.

 82.  Kaptchuk T, Friedlander E, Kelley J, Sanchez M. Placebos with-
out deception: a randomized controlled trial in irritable bowel 
 syndrome. PLoS One. 2010;5(12):e15591.

 83.  Epstein S, O’Brien EJ. The person–situation debate in historical and 
current perspective. Psychol Bull. 1985;98(3):513-537.

 84.  Kenrick DT, Funder DC. Profiting from controversy: lessons from 
the person-situation debate. Am Psychologist. 1988;43(1):23-34.

 85.  Gelfand DM, Gelfand S, Rardin MW. Some personality factors 
 associated with placebo responsivity. Psychol Rep. 1965;17(2):555-562.

 86.  Benedetti F. Mechanisms of placebo and placebo-related  effects 
across diseases and treatments. Annu Rev Pharmacol Toxicol. 2007. 
doi:10.1146/annurev.pharmtox.48.113006.094711.

 87.  Benedetti F, Mayberg HS, Wager TD, et al. Neurobiologi-
cal  mechanisms of the placebo effect. J Neurosci. 2005;25(45): 
10390-10402.

 88.  Elsenbruch S, Kotsis V, Benson S, et al. Neural mechanisms mediat-
ing the effects of expectation in visceral placebo analgesia: an fMRI 
study in healthy placebo responders and nonresponders. Pain. 
2012;153(2):382-390.

 89.  Kong J, Gollub RL, Rosman IS, et al. Brain activity associated with 
expectancy-enhanced placebo analgesia as measured by functional 
magnetic resonance imaging. J Neurosci. 2006;26(2):381-388.

 90.  Kong J, Kaptchuk TJ, Polich G, et al. Expectancy and treatment interac-
tions: a dissociation between acupuncture analgesia and  expectancy 
evoked placebo analgesia. NeuroImage. 2009;45(3):940-949.

 91.  Kotsis V, Benson S, Bingel U, et al. Perceived treatment group  affects 
behavioral and neural responses to visceral pain in a  deceptive 
 placebo study. Neurogastroenterol. Motil. 2012;24(10):935–e462.

 92.  Lieberman MD, Jarcho JM, Berman S, et al. The neural correlates 
of placebo effects: a disruption account. NeuroImage. 2004;22(1): 
447-455.

 93.  Lyby PS, Aslaksen PM, Flaten MA. Variability in placebo analge-
sia and the role of fear of pain – an ERP study. Pain. 2011;152(10): 
2405-2412.

 94.  Wiech K, Lin C, Brodersen KH, Bingel U, et al. Anterior insula 
 integrates information about salience into perceptual decisions 
about pain. J Neurosci. 2010;30(48):16324-16331.

 95.  Zubieta J, Yau W, Scott DJ, Stohler CS. Belief or need? Account-
ing for individual variations in the neurochemistry of the placebo 
 effect. Brain Behav Immun. 2006;20(1):15-26.

http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0255
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0255
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0315
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0315
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0320
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0320
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0335
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0335
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0335
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0340
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0340
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0345
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0360
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0360
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0360
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0380
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0380
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0385
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0385
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0390
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0390
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0410
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0410
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0415
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0415
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0430
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0430
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0430
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0455
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0455
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0455
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0465
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0465
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0465
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00010-6/ref0470


Placebo and Pain. http://dx.doi.org/10.1016/B978-0-12-397928-5.00011-8 Copyright © 2013 Elsevier Inc. All rights reserved.103

PLACEBO RESPONSES AND 
HOMEOSTASIS

The placebo response consists of physiological and 
psychological reactions to information that a treatment 
has been administered. Such information can be pro-
vided verbally, or by presenting conditioned stimuli 
that have been previously associated with active treat-
ment. These ways of generating placebo responses have 
been described by the expectancy and the classical con-
ditioning theories of placebo effects (see Ch 16). How-
ever, expectancies and learning do not act in a vacuum, 
and the state of the organism to which information is 
administered should be considered. The homeostatic 
level of the organism, it is argued here, should be taken 
into account to understand the occurrence, amplitude, 
and duration of placebo responses. Homeostasis refers 
to the maintenance of physiological and psychological 
variables within specified limits. When homeostasis is 
disturbed, feedback mechanisms are activated to bring 
these variables back within normal limits. Placebos may 
be among the stimuli that activate such feedback mech-
anisms. That is, placebo responses may serve to bring 
systems back to homeostasis, or to maintain homeostasis 
in the face of stimuli that predict deviations from this 
set point or normal level of a variable. If so, placebos 
could be useful in decreasing the impact of such devia-
tions from homeostasis, in the areas of pain reduction 
and treatment of drug addiction.

Deviations from homeostasis occur in a variety of 
situations, two examples being symptoms associated 
with illness, and withdrawal from drug addiction. The 
most common reason for seeking medical treatment is 
pain, a state that the organism is motivated to reduce. 
Pain is usually a signal of some underlying problem, but 

the pain itself can take on the status of a disorder in its 
own right. Organisms in pain are undergoing a devia-
tion from their homeostatic condition, and pain reduc-
tion is an example of re-establishment of homeostasis. 
Pain reduction can be achieved pharmacologically, psy-
chologically, or in other ways, and one method of reduc-
ing pain is the administration of placebos.

Placebo responses have similarities to the responses 
seen in individuals in withdrawal from drugs of addic-
tion.1 Reduction in withdrawal symptoms in drug users 
represents another example of re-establishing homeosta-
sis. However, if the individual is already at homeostasis, 
i.e. not in drug withdrawal, then the placebo response 
should be weak or absent. In fact, compensatory responses 
can be seen when healthy individuals are exposed to 
placebos, leading to drug tolerance, i.e. a reduction in 
the response to the drug.2 Thus, the effects of expec-
tancy and classical conditioning in placebo responding, 
it is argued, depend on whether or not the individual 
is at homeostasis, and on the degree of homeostatic 
disturbance.

THEORETICAL BACKGROUND

Pavlov3 described an experiment in which morphine 
was repeatedly administered to dogs. As with all drugs, 
morphine has several effects, such as sleep, salivation, 
and vomiting. This was known before Pavlov conducted 
his experiment, and the novel finding in Pavlov’s experi-
ment was that the dog salivated and vomited when see-
ing the experimenter, before the injection of morphine. 
Thus, the drug seemed to act as an unconditioned stimu-
lus (US), and the experimenter as the conditioned stimu-
lus (CS) that reliably signalled morphine’s effect. Siegel4 
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has given a broad historical exposition of the work of 
Pavlov and others on conditioning with  pharmacological 
stimuli.

Drugs are stimuli5 that can enter into associations with 
other stimuli, as described by the principles of classical 
conditioning. Administration of drugs can be considered 
conditioning trials, because of signals that are present 
prior to the administration of the drug, or prior to the 
occurrence of the effect of the drug. However, there are 
some important differences between classical condition-
ing with external sensory stimuli and conditioning with 
pharmacological stimuli.

Firstly, the unconditioned stimulus is the drug’s 
effects in the central nervous system.6,7 The drug is not 
the unconditioned stimulus. Likewise, the peripheral 
effects of the drug are not the unconditioned stimulus. 
What should be considered the unconditioned stimulus 
is the effect of the drug in the central nervous system. 
Secondly, drugs are distributed throughout the organ-
ism and elicit many different effects, some of which 
may mistakenly be taken for unconditioned responses.
Thirdly, the onset latency, duration, and intensity of 
drug effects are different from those of unconditioned 
stimuli more commonly used, e.g. electric shock or aver-
sive noise.

Shepard Siegel showed that conditioned stimuli that 
signalled injections of morphine (or other drugs), lead 
to accelerated development of tolerance, compared to 
groups of animals that received un-signaled morphine 
injections. The observation of rapid and pronounced 
loss of drug effect was termed associative tolerance, 
because it could not be explained by physiological 
processes, and indicated that effects of drugs could be 
reduced by learning processes. Associative tolerance 
was observed across laboratories and with different 
drugs. The theoretical basis of the observed associative 
tolerance, however, was debated, and Siegel’s theory 
that associative tolerance was due to compensatory con-
ditioned responses received some criticism. Eikelboom 
and Stewart,6 in an influential paper (see also Ramsay 
and Woods7), argued that the unconditioned effect of  
a drug is its action on the central nervous system  
(Fig. 11.1). Thus, administering a drug and merely 
observing the subsequent response, does not ensure 
that the observed response is the proper unconditioned 
response. All drugs have peripheral effects, e.g. reduc-
tion in body temperature after administration of mor-
phine. When the lower temperature is registered in the 
central nervous system, compensatory mechanisms are 
activated to restore body temperature to normal values. 
The input to the central nervous system is the signal 
to increase temperature, and this is the proper uncon-
ditioned stimulus. Thus, what seemingly was a com-
pensatory conditioned increase in body temperature 
is actually a morphine-agonistic conditioned response, 
according to this account.

CLASSICAL CONDITIONING AND PAIN

Conditioned hypoalgesia (a placebo effect) and condi-
tioned hyperalgesia (possibly a nocebo effect) have both 
been observed in several studies on conditioned stimuli 
that have been paired with the administration of a pain-
killer. It has been debated why sometimes a hyperalge-
sic and at other times an analgesic conditioned response 
has been observed.6,7 The argument proposed here is that 
homeostatic regulation can explain at least some instances 
of these conditioned responses. Pain represents a devia-
tion from homeostasis, and the conditioned effect on pain 
of signals that a painkiller has been administered may dif-
fer between subjects that are in pain or pain-free subjects.

Studies in which drugs have been administered to 
healthy pain-free animals are mainly studies on toler-
ance development, and the studies were not performed 
to investigate placebo effects. However, because they 
have different aims, studies on tolerance and on pla-
cebo effects differ in whether the subjects were in pain 
or not and whether the drug was administered to reduce 
pain. This is relevant to whether a conditioned hypo- or 
hyperalgesia is observed, e.g. whether an analgesic was 
administered or not, and whether conditioned stimuli 
were paired with changes in painful stimulation.

CONDITIONING WITH 
ADMINISTRATION OF PAINKILLERS TO 

PAIN-FREE SUBJECTS

Siegel and colleagues have performed a series of 
studies in which they have repeatedly paired an envi-
ronmental conditioned stimulus with administration 
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FIGURE 11.1 Diagram of a feedback system that regulates the vari-
able ‘X’. The sensor registers the level of ‘X’ and generates a stimulus 
that is sent to the integrator, where the stimulus from ‘X’ is compared 
to the set-point. When ‘X’ and the set-point are about equal, no output 
is sent from the integrator. When ‘X’ and the set-point are not equal, the 
integrator sends a signal to the effectors, which act to return ‘X’ to the 
normal level and reduce the imbalance between ‘X’ and the set-point. 
Reprinted from Eikelboom and Stewart6 with kind permission from 
the publisher.
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of morphine to healthy rats,8,9 or paired a small dose 
of morphine, hypothesized to act as a CS, with a larger 
dose.10,11 These studies have documented the develop-
ment of a hyperalgesic CR. In all experiments the mor-
phine was administered to pain-free animals. Testing for 
pain thresholds were performed after administration of 
morphine, e.g. 30 minutes after, as in,12 or in the pres-
ence of the CS that signaled morphine, after several con-
ditioning trials. Thus, in these studies morphine most 
likely induced a deviation from homeostasis, and did 
not reduce a homeostatic disturbance such as, e.g. pain.

Sherman et al13 did a particularly interesting study 
for the argument presented in this chapter. They admin-
istered morphine repeatedly; administration was sig-
naled by being administered in a distinctive room (the 
conditioned stimulus). In this experiment the authors 
observed the development of tolerance to the analge-
sic effects of morphine in rats. To investigate extinction 
of conditioned morphine tolerance, the distinct room 
where the morphine was administered was repeatedly 
not paired with injections of morphine. During extinc-
tion, different groups of rats were exposed to either 
52.5°C, to which rats flick their tails to avoid, or about 
23°C hot-plate temperatures. Interestingly, extinction of 
tolerance was observed only in rats that received the 
52.5°C temperatures (Experiment 1); it was more pro-
nounced in rats exposed to the warm plate compared to 
those exposed to the cool plate (Experiment 2). Thus, an 
extinction process that counteracted associative tolerance 
and reduced pain developed only in the rats exposed to 
painful stimulation after morphine administration. If the 
placebo response is a conditioned response that acts to 
re-establish homeostasis, and in a feed-forward way to 
avoid homeostatic perturbations, then these findings are 
in accordance with a homeostatic hypothesis of placebo 
responding.

Administration of a cholecystokinin antagonist dis-
rupted morphine tolerance,11 suggesting that associa-
tive tolerance to the hyperalgesic effect of morphine was 
mediated via cholecystokinin. Therefore, a morphine-
compensatory response is expected, according to the 
present hypothesis that placebos correct deviations from 
homeostasis, and compensatory responses were indeed 
observed.

CONDITIONING WITH THE 
ADMINISTRATION OF PAINKILLERS AS 
THE UNCONDITIONED STIMULUS TO 

INDIVIDUALS IN PAIN

This procedure is similar to the one above, with the 
important difference that morphine or another painkiller 
is repeatedly administered to individuals in pain. Thereaf-
ter, an inert treatment is provided that in all ways is sim-
ilar to the painkiller. Amanzio and Benedetti14 applied 

painful stimulation to otherwise healthy subjects across 
two sessions of classical conditioning, and subsequently 
infused morphine or the nonsteroid anti-inflammatory 
drug (NSAID) ketorolac. Both drugs increased pain toler-
ance, and both drugs supported a conditioned response 
of analgesia. Interestingly, the placebo analgesic CR was 
antagonized by naloxone when morphine was used as 
the painkilling drug, suggesting that the placebo CR 
involved activation of an opioidergical system. How-
ever, when an NSAID was used as the painkiller, the 
conditioned placebo response was not reduced by nal-
oxone, suggesting that the conditioned placebo response 
was not mediated by release of endogenous opioids. 
The same group confirmed the finding of a nonopioid 
mediated conditioned hypoalgesic response after con-
ditioning with ketorolac, and furthermore showed that 
the nonopioid placebo response was completely blocked 
by a cannabinoid antagonist.15 Thus, different systems 
are activated by different drug unconditioned stimuli, 
which seem to also be involved in the conditioned pla-
cebo response, and a single system cannot explain all 
occurrences of conditioned hypoalgesic responses.

Taken together, these findings show that conditioning 
with painkilling drugs such as morphine can support 
a conditioned hypoalgesic response when the partici-
pants are in pain, i.e. when the participants’ homeostasis 
is disturbed. No human study has, to my knowledge, 
investigated whether conditioning with morphine as the 
unconditioned stimulus in pain-free subjects would sup-
port an antagonistic response, as it should if homeostatic 
processes are involved in placebo responses.

CONDITIONING WITH REDUCTION IN, 
OR ABSENCE OF, PAIN AS THE US

However, pain need not be reduced by a painkiller. 
In the first study that investigated the role of classical 
conditioning in placebo effects, Voudouris et al16 used a 
procedure in which the subjects first went through a pre-
test with presentations of painful stimulation that was 
identical for all groups in the experiment. Thereafter, 
a placebo treatment was administered, and pain levels 
were surreptitiously reduced. Thus, administration of 
the placebo, the CS, was paired with reduced pain, the 
US. When subsequently tested, pain levels were lower 
in this group, compared to a control condition where 
the placebo had not been applied and pain had not been 
lowered. Thus, when the placebo treatment is paired 
with a reduction in pain, a conditioned response of lower 
pain is observed. Several later studies on conditioning as 
a way of inducing placebo analgesia have used similar 
procedures, with similar results.

The placebo does not need to be a pill, capsule, cream 
or other treatment often used in the treatment of pain. 
Colloca and collaborators17,18 administered repeated 
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pairings of a green light with absence of pain, and a red 
light with painful stimulation; a yellow light served as a 
control condition against which changes in pain levels 
could be compared. When the painful stimulation was 
presented in the presence of the green light, pain levels 
were lower compared to pain reported during the yellow 
light, indicative of a placebo analgesic response to an ini-
tially neutral stimulus paired with lower pain levels.

Taken together, these studies show that conditioned 
stimuli signaling a reduction in or absence of pain, 
reduce the pain reported to a painful stimulus. As the 
conditioned response is a reduction in pain, or some pro-
cess that results in reduced pain, this may be seen as a 
way of reducing the perturbation of homeostasis that the 
painful stimulus exerts.

CONDITIONING WITH AN INCREASE IN 
PAIN AS THE US

In addition to the two groups that received pairings 
of a placebo cream with decreases in pain stimulation, 
Voudouris et al6 included two groups that received pair-
ings of a placebo cream with an increase in pain as the 
US during conditioning trials. Both of these groups dis-
played an increase in pain to a standard stimulus pre-
sented after conditioning.

As noted above, the placebo does not need to be a 
treatment often used in the treatment of pain. Colloca 
et al18 administered repeated pairings of a green light 
with absence of pain, red light with more painful stimu-
lation, and yellow light with no change in painful stim-
ulation, respectively. Painful stimulations of the same 
intensity were subsequently presented in the presence of 
each of the three conditions. During the red light, pain 
levels were higher compared to pain during the yellow 
light, indicative of a nocebo hyperalgesic response.

The findings from the studies reviewed above sug-
gest that analgesic responses are observed when the CS 
is paired with a reduction in pain. If a CS is paired with 
a painkiller, in the absence of pain, then a hyperalgesic 
response may be observed, possibly due to homeostatic 
processes compensating for the effect of the painkilling 
drug.

No studies have systematically investigated the role 
of compensatory and agonistic conditioned responses 
in the area of pain in humans. However, several studies 
have been performed, using social drugs as stimuli, to 
investigate the roles of these processes in humans.

Caffeine

The author has performed several studies with caf-
feine effects as the unconditioned stimulus. Caffeine is 
a drug that increases physiological and psychological 

arousal by inhibiting adenosine receptors in the cerebral 
cortex and the reticular formation (e.g. the locus coe-
ruleus), areas of importance to arousal regulation.19,20 
Adenosine acts presynaptically to inhibit the action of 
excitatory transmitters related to arousal, such as gluta-
mate, norepinephrine, and dopamine. By antagonizing 
the inhibitory effect of adenosine, caffeine has indirect 
excitatory effects, which can be observed peripherally as 
sympathomimetic effects, including increases in blood 
pressure, skin conductance, startle responses, plasma 
epinephrine, and free fatty acids, and increased feelings 
of alertness and energy.21–24 Because of its stimulating 
effects, caffeine is used in combination with substances 
that induce relaxation or sleepiness as side effects, e.g. 
some analgesics, to counteract these side effects. Aque-
ous oral caffeine is absorbed rapidly and reaches maxi-
mum plasma concentration in 30–40 minutes.25

Caffeine can act as a reinforcer, in that a novel tast-
ing drink containing caffeine is better liked than the 
same drink containing placebo.26 Tolerance develops to 
the subjective and physiological effects of caffeine.27,28 
In habitual caffeine users, withdrawal effects such as 
sleepiness, tiredness, weakness, and reduced alertness, 
all indicative of reduced arousal, can be observed after 
a period of caffeine abstinence of 12 hours or longer.23

Reinforcement, tolerance, and withdrawal effects 
indicate that long-term caffeine use can lead to depen-
dency. In these respects, caffeine is similar to other drugs 
of addiction, with the important exception being that caf-
feine in relatively small doses is not harmful to humans 
(barring pre-existing conditions such as a seizure disor-
der). Like other drugs of addiction, caffeine has specific 
physiological effects, acts on identified neurotransmitter 
systems, is voluntarily administered, and is negatively 
reinforcing after the addiction has been established,29 
i.e. intake of caffeine will reduce abstinence symptoms 
like headache, tiredness and irritability. That is, caffeine 
addiction may be driven by the ability of caffeine to 
decrease withdrawal symptoms. The presence of these 
withdrawal symptoms in the absence of caffeine may be 
the result of the homeostatic set point for a variety of 
systems having been reset due to repeated exposure to 
the drug. A new set point, referred to as an allosteric set 
point,30 can affect biochemical systems all the way down 
to the expression of genes that regulate both presynaptic 
and postsynaptic processes.

Placebo responses may be seen in both recovery 
of homeostasis and maintenance of homeostasis. As 
the drug user repeatedly uses their drug, the normal 
homeostatic set point for a variety of systems is altered 
to become an allosteric set point.30 The biochemical sys-
tems now require the drug to maintain that allosteric 
set point. An example would be the downregulation of 
presynaptic endorphin production that occurs as auto-
receptors are repeatedly activated by heroin. Over time, 
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the presynaptic production of endorphins decreases, 
leading to a deficiency after the heroin is metabolized. 
The subjective effect of this is withdrawal, a problem 
that can be solved temporarily by the injection of more 
heroin. This becomes a positive feedback system, further 
downregulating endorphin production and requiring a 
higher dose of the drug to overcome (i.e. physiological 
tolerance). During drug rehabilitation, endorphin pro-
duction slowly up-regulates, approaching the previous 
homeostatic set point, although this can take weeks to 
occur. After rehabilitation, the biochemical systems have 
re-established their prior levels, but the recovered addict 
still has a conditioning history with which to contend. 
Exposure to stimuli that have been previously related 
to the drug (e.g. a syringe or candle) can activate con-
ditioned compensatory mechanisms31 that can induce 
craving, a component of withdrawal. This craving is 
an attempt to maintain homeostasis in the face of an 
expected drug injection. For the addict, the short-term 
solution to this problem is reinjection of heroin, resulting 
in the fairly high relapse rate in recovered addicts.

These conditioned stimuli can be identified in any case 
of drug addiction in which the administration of the drug 
is ritualized or involves the repeated use of the same or 
similar stimuli. For example, a small pink packet of artifi-
cial sweetener can gain conditioning properties for a caf-
feine addict who consumes caffeine in the form of coffee 
on a regular basis. That pink packet may have no effect on 
a non-user of coffee, it may induce a slight arousal in an 
abstained coffee drinker (a drug-like placebo response), 
and it may induce craving in a former caffeine addict (a 
compensatory placebo response). It is interesting to note 
that a given stimulus (for example, the sight of a fine 
white powder) can be neutral to a non-addict, can reduce 
withdrawal in an abstaining addict, and can induce crav-
ing in a recovered addict. The reduction in withdrawal 
that occurs early in rehabilitation represents a drug-like 
response that is an attempt to return to homeostasis, based 
on the deficiencies in biochemical systems that have been 
induced by the repeated exposure to the drug. After these 
biochemical systems have once again achieved their pre-
vious levels (homeostasis), the craving is a conditioned 
compensatory response, an attempt to maintain homeo-
stasis in the face of a predicted deviation based on the 
conditioning relationship between the CS and the drug.

Withdrawal from a drug leads to a deviation from 
homeostasis, and stimuli signaling that the drug is about 
to be administered activate homeostatic mechanisms.  
By the same token, the presence of illness or disease con-
stitutes a deviation from homeostasis.

One limitation of some experimental models of 
placebo effects is the use of healthy volunteers as par-
ticipants.32–35 Such individuals differ from a clinical pop-
ulation, since the placebo or drug is administered to alter 
the participants’ normal psychological or physiological 

state. A healthy participant may, for example, be told 
that the drug will have an effect on ‘stomach activ-
ity’.36,37 Thus, the drug is not administered to change 
symptoms such as pain, airway resistance, or elevated 
blood pressure, and, thereby, to restore normal function. 
It should be noted, however, that the evidence base for 
antagonistic responses induced by verbal information 
alone is weak. By including the concept of homeostasis 
on which placebos work, it is suggested that informa-
tion about drug effects should have different and maybe 
even opposite effects in individuals in need of treatment, 
compared to healthy volunteers. Therefore, it is impor-
tant to understand the differential impact of placebos on 
people who are or are not at homeostasis.

Compensatory and Drug-Like Conditioned 
Responses

It is hypothesized that placebo responses occur in 
individuals who are in pain, have a symptom or disease, 
suffer from stress or distress, or are in withdrawal from 
an addictive drug; that is, placebo responses will be seen 
when the person is not at homeostasis. Placebo respond-
ing may therefore be viewed as a way of re-establishing 
homeostasis. In his law of initial values, Wilder38 stated 
that a physiological reaction is dependent on the initial 
value of the physiological parameter to be measured. 
Thus, the same stimulus can have an excitatory or inhibi-
tory effect, or no effect at all, depending on the initial 
state of the organism. This idea is central to the homeo-
static theory of placebo effects. If homeostasis is retained, 
then placebo responses should be absent or minimal.1,39 
This general theory of placebo responses can be opera-
tionalized and tested: if placebo responses depend on 
a deviation from homeostatic levels, then participants 
who display caffeine withdrawal symptoms and report 
lower levels of arousal after abstinence should display 
the largest placebo response to information that caffeine 
was administered. Caffeine withdrawal involves feelings 
of decreased vigor and increased fatigue,40 and these 
symptoms can be seen even after a brief period of time, 
equivalent to missing one’s morning coffee.41 Feelings 
of decreased vigor and increased fatigue are indications 
of decreased arousal, and we suggest that decreased 
arousal represents a deviation from homeostatic levels. A 
deviation from homeostatic levels motivates the correc-
tion of the deviation by, in this case, ingesting caffeine. 
We suggest that a deviation from homeostatic levels can 
be corrected by presentation of stimuli associated with 
caffeine, and by the belief that caffeine has been admin-
istered and will have certain activating effects.

Caffeine in the Study of Active Placebo
Caffeine is well suited to study active placebo effects 

because it has nonspecific sympathomimetic effects and 
is easily detected.42 Of special importance to the study 
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of active placebo is the drug discrimination procedure, 
by which participants learn to discriminate a drug from 
other drugs or placebo,27 based on the ‘discriminative 
stimulus complex’, the subjective feelings or perceptions 
to which the drug gives rise. Different drugs generate 
different discriminative stimulus complexes, and partici-
pants can be trained to differentiate caffeine from other 
drugs by reinforcing the identification of one substance 
as caffeine and others as not-caffeine. Because the active 
placebo hypothesis is based on the subjective experience 
of drug effects or side-effects, the drug discrimination 
method can be used in the study of active placebo effects.

The use of placebos to re-establish homeostasis 
would be therapeutically similar to cue extinction, or 
programmed extinction, a procedure in which the condi-
tioned stimuli (cues) associated with a drug are repeat-
edly presented in the absence of the drug UCS, in hopes 
of desensitizing the drug user to these conditioned 
stimuli. Over time, the conditioning power of the drug-
related stimuli extinguishes, bringing those stimuli back 
to the level of neutrality that they possessed before con-
ditioning occurred. The fact that programmed extinction 
is not very effective in some cases may be due to the fact 
that the cues produce drug-like placebo responses in 
abstaining drug users, through conditioning. The cues 
may then provide comfort by decreasing withdrawal, 
and this will interfere with extinction.

In support of the homeostatic theory of placebo 
effects, Rogers et al26 found that a taste paired with caf-
feine was preferred to a taste paired with placebo, but 
only if the participants were caffeine-deprived prior to 
the experiment. If the participants had already had their 
morning caffeine dose, then the conditioned flavor pref-
erence did not develop. Thus, if the caffeine did not act 
to reinstate homeostasis, it did not serve as an uncondi-
tioned stimulus, and the conditioned flavor preference 
was not observed.43 Moreover, people who were not 
caffeine-users did not develop a liking for the caffein-
ated drink,44 suggesting that they were already at an 
optimal level of arousal, and either caffeine had no effect 
in these non-users, or it had unpleasant effects due to 
hyperarousal. Large doses of coffee can lead to feelings 
of nervousness, anxiety, and tension28 that are associated 
with hyperarousal. People with anxiety disorders often 
avoid caffeine-containing substances, and caffeine could 
have adverse effects in caffeine avoiders. In support of 
this hypothesis, Blumenthal et al45 found that presenta-
tion of caffeine-associated stimuli to low-users did not 
generate conditioned arousal, but tended instead to elicit 
a compensatory response of hypoarousal that counter-
acted the caffeine response.

Several studies on the caffeine model of the placebo 
response have been conducted by the author. Flaten and 
Blumenthal1 investigated whether stimuli reliably asso-
ciated with the effects of caffeine, namely, the smell and 

taste of coffee, elicited conditioned arousal. This was 
investigated in a within-participants design (N = 21) 
where participants received either 0 or 2 mg kg−1 body 
weight (bw) caffeine, mixed in either decaffeinated cof-
fee or orange juice (2 caffeine × 2 solution balanced pla-
cebo design). The juice without caffeine was the control 
condition, and the unconditioned effect of caffeine was 
investigated by adding 2 mg kg−1 caffeine to orange 
juice. The conditioned placebo response was investi-
gated in the decaffeinated coffee condition. Finally, the 
combination of the conditioned placebo response and 
the unconditioned drug response could be seen in the 
condition where coffee with 2 mg kg−1 caffeine was 
administered. All participants drank at least two cups 
of regular coffee per day, and had done so for at least 
one year. This ensured that they had experienced several 
hundred pairings of the taste and smell of coffee with the 
effect of caffeine. Physiological arousal was measured as 
increased skin conductance and startle responses, and 
 psychological arousal and stress was assessed. Blood 
pressure and heart rate were also recorded.

The results showed that caffeine increased several of 
the arousal indexes, but most important, increased psy-
chological and physiological arousal was also seen after 
decaffeinated coffee, compared to the control condition. 
These findings support the hypothesis that presentation 
of caffeine-associated stimuli increases arousal, a condi-
tioned placebo response, in deprived caffeine-users. The 
finding that decaffeinated coffee elicited increased phys-
iological and subjective arousal fits well with predictions 
from the pharmacological conditioning model.46

However, the conditioned arousal to caffeine-associated 
stimuli could be mediated via expectancy.47 This was 
tested in a follow-up study48 which also included informa-
tion about caffeine content as a third factor; participants 
were told that they did or did not receive caffeine in their 
coffee or orange juice. The design was a 2 Caffeine (0, 2 mg 
kg−1) × 2 Solution (Coffee, orange juice) × 2 Information 
(told caffeine, told not-caffeine) within-participants facto-
rial design. It was hypothesized that telling people that 
they were given caffeine should evoke the expectancy that 
caffeine would have an effect, an expectancy that should 
not occur when participants were told that they would not 
receive caffeine in their drink. If the conditioned arousal 
was mediated via expectancy, then the verbal informa-
tion should play a large role in modulating the increased 
arousal seen after decaffeinated coffee. Physiological and 
psychological arousal was assessed as described by Flaten 
and Blumenthal.1 The results indicated that the informa-
tion played a role, because calmness was decreased and 
skin conductance levels were increased when participants 
were informed that they received caffeine in their drink. 
The verbal information about caffeine content interacted 
with the type of drink, coffee or orange juice, so that con-
tentedness increased after decaffeinated coffee, especially 
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when participants were informed that they had received 
caffeine in the coffee. Thus, the conditioned stimulus of 
the smell and taste of coffee and the verbal information 
about caffeine content acted in the same direction to pro-
duce larger increases in contentedness than either factor 
alone. However, presentations of decaffeinated coffee also 
increased alertness and startle reflexes, and this increase 
was not modified by the type of information provided. 
Thus, the increased arousal after coffee seemed mainly to 
have been mediated via classical conditioning and only 
partly by expectancy.

A third (unpublished) study investigated the rela-
tionship of conditioned arousal to the unconditioned 
arousal generated by caffeine. We know from classical 
conditioning research that there is a positive correlation 
between the strength of the unconditioned response and 
the strength of the conditioned response. A more intense 
unconditioned stimulus, e.g. an air puff to the eye, sup-
ports a stronger conditioned response, e.g. more fre-
quent and larger eyeblink responses.49,50 The data from 
Flaten and Blumenthal1 and Mikalsen et al48 were re-
analyzed with correlation analyses. Since these designs 
involved a condition where the unconditioned caffeine 
response was elicited (juice with 2 mg kg−1 caffeine) 
and a condition where the conditioned response was 
elicited (decaffeinated coffee), responses in these condi-
tions were correlated to provide information about the 
relationship between the amplitude of the responses in 
these two conditions. Orange juice without caffeine con-
stituted the control condition. The data illustrate a posi-
tive correlation between conditioned and unconditioned 
arousal. Specifically, there are significant positive corre-
lations between skin conductance responses to caffeine 
and skin conductance response to decaffeinated coffee. 
The same is true for alertness.

A fourth study39 investigated expectancies by ask-
ing coffee-drinkers how they expected to feel after one 
and two cups of coffee. It was found that coffee-drinkers 
expected coffee to increase arousal in a dose-dependent 
manner. However, when the participants actually were 
given one and two cups of decaffeinated coffee, the pla-
cebo response was weak. Thus, a strong expectancy for 
increased arousal was not translated into a strong pla-
cebo response when the placebo was actually presented. 
This underscores the importance of classical condition-
ing, and indicates that conscious expectancies are not 
sufficient to elicit a placebo response. In addition, there 
was a positive correlation between the (conditioned) 
placebo response and the unconditioned drug response, 
supporting the (unpublished) finding of Flaten and 
 Blumenthal. This also fits well with the conditioning 
theory of  placebo effects, which postulates that strong 
drug effects should support strong placebo responses.

One consideration in understanding these prior stud-
ies is the fact that all participants were regular coffee 

drinkers who were required to abstain from caffeine 
for 12 hours before entering the experimental session. 
Therefore, these results are based on caffeine consumers 
who were not at homeostasis at the time of testing.

Previous studies relied on the conditioning history of 
the participant (regular coffee drinkers). However, con-
ditioning in humans with pharmacological substances 
can also be generated in the laboratory, where a neu-
tral stimulus is repeatedly paired with a drug in the 
laboratory. Compared to using naturalistic conditioned 
stimuli like the taste and smell of coffee, this procedure 
has the advantage of allowing one to study the devel-
opment of the conditioned response, because control of 
the parameters of the conditioned and unconditioned 
stimulus (the effect of the drug) is better. For example, 
Flaten et al2 used a pharmacological conditioning pro-
cedure in healthy volunteers, with 700 mg of the muscle 
relaxant carisoprodol (a prescription drug in Norway 
that is dispensed under the name Soma in the United 
States) as the unconditioned stimulus. Carisoprodol 
inhibits eyeblink reflex magnitude, which was used  
as the dependent variable. The conditioned stimulus 
was the administration of the capsules in the laboratory 
for the CSP group, whereas the control group received 
placebo capsules (lactose, 700 mg) in the laboratory, and 
carisoprodol at home. Thus, the laboratory was paired 
with the carisoprodol administration in the CSP group, 
but not in the control group. Carisoprodol was given to 
the control group at home to ensure that both groups 
had received the same amount of drug to control for 
habituation or sensitization to carisoprodol.50 The CSP 
group received three pairings of the laboratory with the 
effect of carisoprodol, and the control group received 
placebo three times in the laboratory, each session 
spaced exactly one week apart. In each session, eyeblink 
EMG reflexes to puffs of air to the face were recorded 
(Fig. 11.2). The results showed that eyeblink EMG was 
inhibited by 700 mg carisoprodol, but the effect of cari-
soprodol slightly decreased across sessions, suggesting 
that tolerance developed. In the fourth session, the CSP 
group received placebo capsules in the laboratory, i.e. 
the conditioned stimulus. The control group, on the 
other hand, received carisoprodol for the first time in 
the laboratory. In the fourth session, an increase in eye-
blink EMG was seen in the CSP group, i.e. the opposite 
of the response to carisoprodol. This was evidence that a 
conditioned compensatory response was elicited in this 
group, and it was hypothesized that this conditioned 
response antagonized the carisoprodol response, caus-
ing tolerance. This hypothesis was supported by the 
finding of a stronger carisoprodol response in the fourth 
session in the control group compared to the CSP group. 
The carisoprodol response was stronger in the control 
group because no conditioned compensatory response 
was elicited in this group.
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These findings fit well with the homeostatic theory 
discussed above: none of the participants in Flaten 
et al2 had medical problems and none reported or used 
drugs for muscle pain, for which carisoprodol is often 
prescribed. Thus, the muscle relaxing effect of cari-
soprodol would represent a deviation from homeo-
stasis in these healthy participants. That homeostatic 
mechanisms played a role in this experiment was also 
indicated by the development of tolerance in the CSP 
group over repeated presentations, which was medi-
ated via a conditioned compensatory response. This 
shows that conditioned stimuli paired with drugs or 
events that disrupt homeostasis can elicit conditioned 
responses that counteract the homeostasis-disrupting  
effect of the drug or event.51–53 Thus, seeing the 

placebo response in terms of an organism that tries to 
maintain or return to a homeostatic state can explain 
empirical findings that so far have resisted integra-
tion into the expectancy or conditioning theories of 
placebo effects. Finally, these conditioned compensa-
tory responses could be seen in the placebo response 
(increased reactivity) that was in the opposite direc-
tion of the drug response in the CSP group, an attempt 
to maintain homeostasis in the conditioned threat to 
that homeostasis.

Taken together, these data indicate that a conditioned 
placebo response is not elicited in participants who are 
at an optimal level of homeostasis. Placebo responses to 
information that caffeine has been administered should 
not be seen in non-deprived caffeine users, or in caf-
feine non-users. Only when homeostasis is disturbed 
should stimuli paired with substances or events that 
alleviate this disturbance (e.g. caffeine) generate placebo 
responses. In fact, compensatory responses to drug-
associated stimuli could be seen in participants who are 
at homeostasis, and such compensatory responses could 
be responsible for acute or chronic tolerance to drug 
effects.54

Alcohol

Conditioned responses to cues for administration 
of ethanol have been extensively investigated.55 These 
have been motivated by the search for how environ-
mental stimuli may contribute to intoxication, and by a 
search for how environmental stimuli may affect ethanol 
tolerance.56

The findings of Gundersen et al55 are of particular 
interest. They used BOLD fMRI to investigate the effect 
of alcohol on brain activation in social drinkers, and 
used a balanced placebo design to control for alcohol-
related expectations. Thus, one half of the participants 
consumed a soft-drink without alcohol before the scan-
ning, and half of these were informed correctly about 
the drink’s content; the other half were informed incor-
rectly that an alcoholic beverage was consumed. The 
other half of the participants consumed the soft-drink 
with alcohol before the scanning, and half of these were 
informed correctly about the drink’s content; the other 
half were informed incorrectly that a soft-drink was con-
sumed. Interestingly, alcohol decreased neuronal activa-
tion, mostly in the dorsal anterior cingulate cortex and 
in prefrontal areas, while expectancy, i.e. when subjects 
were told that they got alcohol but received placebo, 
increased neuronal activation in the same areas. Thus, 
alcohol intoxication and expectancy had opposite effects 
on neuronal activation. While the response to placebo is 
not a conditioned compensatory response, it may still be 
interpreted as a compensatory response to the effects of 
alcohol.

FIGURE 11.2 Top panel: mean EMG difference scores after admin-
istration of placebo in session 4 in the CSP group and in session 3 in 
the control group. The increased blink reflexes in the CSP group com-
pared to the control group at 30 minutes after placebo administration 
suggest that a carisoprodol-opposite conditioned response was elicited 
in the CSP group. Bottom panel: mean EMG difference scores after ad-
ministration of carisoprodol in both groups, in session 3 in the CSP 
group and session 4 in the control group. Decreased blink reflexes in 
the control group relative to the CSP group at 60 minutes after drug 
administration show that carisoprodol had a stronger effect in the con-
trol group, again suggesting that a carisoprodol-opposite response was 
elicited in the CSP group. Reprinted from Flaten et al2 with permission 
from the publisher.
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ACTIVE PLACEBO

A perspective on the placebo response that has 
received some attention but little empirical study is the 
hypothesis that drugs can act as active placebos,32,57,58 
meaning that the placebo response can be potentiated 
or increased by the presence of drug cues. A small drug 
dose can act as a conditioned stimulus for a larger dose 
of the same drug.59

The changes in arousal induced by verbal information 
can be potentiated by the administration of drugs, illus-
trating the active placebo effect. This was investigated 
by Flaten et al,32 a study in which participants were told 
that they had received a stimulant drug, a relaxant drug, 
or an inactive substance (the control group). Half of the 
participants in each group received 525 mg carisoprodol 
(a relaxant), and the other half received 525 mg lactose 
(placebo). The placebo response to information alone 
could be investigated in the participants who received 
information about the drug together with capsules con-
taining placebo. The interaction of the placebo response 
with the drug response could be seen in the groups who 
received the same information, but also received active 
drug. These groups were used to test the hypothesis that 
an active drug could potentiate the placebo response 
(the active placebo effect). Blood samples were drawn to 
determine carisoprodol absorption, and startle reflexes, 
skin conductance responses, and subjective measures of 
arousal were also recorded, both before administration 
of the capsules, and at various points from 15 to 130 min-
utes after administration of the capsules. Startle reflexes 
and skin conductance responses were decreased in the 
group that was told that it had received a relaxant. Sub-
jective tension, indicating arousal, was increased in the 
group that was told that it had received a stimulant drug.  
Thus, the information alone generated a placebo response.  
For the skin conductance and startle reflex data, the pla-
cebo response was not potentiated by the administration 
of carisoprodol. However, the increased tension induced 
by information that a stimulant had been administered 
was greatly potentiated by administration of the muscle 
relaxant carisoprodol. This finding indicates that placebo 
responses can be augmented by administration of a drug, 
even if the drug has actions that are opposite to those of 
the placebo response. Finally, absorption of carisoprodol 
was faster in the group who were informed that it had 
received a relaxant: carisoprodol serum levels were sig-
nificantly higher in this group compared to the other two 
groups that received carisoprodol. This interesting find-
ing may be due to increased parasympathetic activity in 
this group, due to being told that it had received a relax-
ant drug. This hypothesis was investigated in Flaten 
et al.60 In relation to the present point of view, the same 
processes of autonomic activation or deactivation could 
also modulate the absorption of caffeine.

There are problems with the active placebo hypoth-
esis: because different drugs generate different internal 
stimulus complexes,61,62 different drugs seem to interact 
with instructions in ways that are difficult to predict.63 
Second, individual differences play a role because the 
active placebo response depends on the anxiety level 
of the person receiving the drug. For example, inform-
ing participants that a drug was a relaxant had oppo-
site effects on those high and low in anxiety.57 Finally, 
 Mitchell et al64 found that providing incorrect informa-
tion about drug effects, e.g. telling participants that a pla-
cebo was administered, but administering the stimulant 
d-amphetamine instead, increased anxiety. This indi-
cates that a mismatch between the expected drug effect 
(i.e. the internal drug discriminative stimulus) and the 
experienced drug effect could lead to increased arousal 
and anxiety.

COMPENSATORY RESPONSES AND THE 
NOCEBO EFFECT

There may appear to be similarities between the 
concept of compensatory responses and that of nocebo 
effects. Compensatory responses are opposite to and 
counteract the drug response, and increase tolerance to 
drugs, and this is not beneficial for treatment of symp-
toms and diseases, of course. Nocebo effects are the 
increase in symptoms after information that a treatment 
will increase, e.g. pain, that likewise is not beneficial for 
treatment. Solomon’s65 opponent-process theory of moti-
vation deals with this issue. According to this theory, 
two reactions are elicited by any stimulus or drug: the 
unconditioned response, and a compensatory reaction, 
or A and B processes in Solomon’s terminology. After 
repeated administration of the stimulus or drug, toler-
ance or habituation may be observed, and this is hypoth-
esized to result from a gradually stronger compensatory 
reaction. The compensatory reaction can be viewed as 
an instance of a homeostatic process that returns the 
organism to the normal pre-drug state. Solomon’s theory 
provides a framework in which to understand nocebo 
reactions as homeostatic processes.

Another perspective on the nocebo reaction comes 
from the work of Benedetti et al,66 where nocebo effects 
in the form of hyperalgesia are the result of anxiety. 
Negative emotions do in many cases increase pain.67 
In this view, nocebo reactions are not seen as com-
pensatory, homeostatic reactions resulting from nega-
tive feedback mechanisms. Opposite to this, nocebo 
reactions are seen as resulting from positive feedback 
loops, where increased anxiety leads to increased pain 
that subsequently leads to increased anxiety, i.e. the 
opposite of homeostatic control and compensatory 
mechanisms.
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In the present context, compensatory conditioned 
responses could represent the opposite of placebo 
responses, and are called nocebo responses. The central 
argument is that placebo responses can be observed in 
patients suffering from a symptom, or in healthy volun-
teers where a symptom is induced. Compensatory reac-
tions, on the other hand, are seen in healthy volunteers, 
in homeostasis without any relevant symptom, but to 
whom a drug is administered.

SUMMARY AND CONCLUSIONS

Both drug-antagonistic and -agonistic reactions can 
be observed to signals that a painkiller will be adminis-
tered. Theories for the prediction of whether agonistic or 
antagonistic conditioned responses will occur have been 
put forth, and this chapter has discussed some of these 
models. A model taking into account the homeostatic 
level of the organism at the time of drug presentation 
may explain when drug antagonistic and drug agonistic 
responses are observed.
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Humans have used acupuncture treatment and 
 placebo treatment (or more accurately, medical rituals)1,2 
for thousands of years. Only in modern times has the 
effectiveness of acupuncture come into question. The 
methodology and philosophy underlying acupuncture 
has become an obstacle to acceptance by practitioners 
of modern medicine because acceptance by those who 
practice ‘Western’ medicine requires evidence that the 
therapeutic effects of acupuncture treatment are supe-
rior to that of a placebo form of treatment. As a result, 
we have begun to wonder if acupuncture is simply a 
very effective form of placebo treatment or if acupunc-
ture produces specific effects in addition to what are its 
increasingly evident placebo effects.

Acupuncture is a component of the ‘Traditional 
 Chinese Medicine’ (TCM) system. The basic theory of 
acupuncture involves meridians and acupuncture points 
(acupoints). Meridians are believed to be channels 
within which Qi, or life force, flows. Acupuncture points 
are found primarily at specific locations along the merid-
ians. It is worth noting that some practicing acupunctur-
ists also use points which are not on the meridians, such 
as ‘extraordinary’ points with specific therapeutic prop-
erties, ‘Ashi’ (tender/reflexive) points unique to each 
individual patient, and auricular (ear) points. Based on 
TCM/acupuncture theory, stimulating acupoints with 
needles, Moxa (slowly burning mugwort herb) or other 
tools can regulate the flow of Qi and blood to keep the 
functions of the body in harmony.

Placebo, from the Latin term meaning ‘I shall please’, 
is an inert treatment for a disease or other medical con-
dition. In their book The powerful placebo: From Ancient 
Priest to Modern Physician, Shapiro and Shapiro state that 
the history of medical treatment is essentially the history 
of the placebo effect,1 implying a long history of placebo 

practice. It’s worth noting that, in the book, the authors 
also used acupuncture as an example of such placebo 
practice, stating: ‘controlled studies have failed to confirm  
its effectiveness’. The use of the term ‘placebo’ in a medi-
cal context, describing inert treatments used to comfort a 
patient, dates from at least the end of the 18th century.3 
Mainstream interest in placebo effects only began with 
the adoption of the randomized controlled trial (RCT), 
in which investigators found significant improvement in 
the placebo control group of some studies.3

Theoretically at least, both acupuncture and placebo 
may work by activating a ‘self-regulation’ system in the 
body, thus at some level, the pathways involving the two 
treatment modalities may share common mechanisms. 
For instance, studies have shown that endogenous opi-
oids and cholecystokinin are involved in both acupunc-
ture analgesia4,5 and placebo analgesia.6,7 Under the 
umbrella of self-regulation, shared mechanisms between 
the two may further blur the distinction between acu-
puncture and placebo.

Conversely, while there is no evidence to suggest 
that acupuncture treatment exacerbates or causes pain 
or illness, with the exception of adverse effects such as 
pneumothorax, bacterial/viral infections that are due 
to improper acupuncture practice.8 We have shown in 
an experimental paradigm that sham acupuncture treat-
ment can be used in the opposite way to elicit a nocebo 
effect. The term ‘nocebo effects’ refers to adverse events 
produced by negative expectations and represent the 
negative side of placebo effects.9 Unlike placebo effects, 
which have drawn the attention of both the scientific 
community and the public, nocebo effects have received 
relatively scant attention from the field of neuroscience9 
(for more details please also see the chapter on nocebo 
in this book).
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In this chapter, we start by elucidating the complex 
relationship between acupuncture and the placebo effect 
that has been illuminated by the practicalities of conduct-
ing research investigations in this field. In particular, we 
explore the complexity of defining an inert (sham) acu-
puncture treatment that respects traditional acupuncture 
theory. Then, we review the results of research studies 
that have begun to investigate the dissociation and inter-
action between positive and negative placebo effects and 
acupuncture treatment. Finally, we suggest future direc-
tions of research in this field.

IS ACUPUNCTURE A FORM OF PLACEBO 
TREATMENT?

Long ago, the Ancient Chinese acknowledged the 
effects of expectancy and belief in healing. For instance, 
in the Yellow Emperor’s Inner Classic (Huang Di Nei 
Jing), the oldest canonical classic of Chinese medicine 
written in the first century BCE, it states: ‘if a patient 
does not consent to therapy with positive engagement, 
the physician should not proceed as the therapy will 
not succeed’ (SuWen Chapter 11). It seems reasonable to 
conclude that from the very inception of this treatment 
modality, experienced clinicians recognized the essential 
role of patient expectations and participation in the pro-
cedural rituals to obtain a salubrious outcome.

To date, acupuncture has been studied in about 1000 
different RCTs.10–12 In these trials, it is not uncommon 
for sham acupuncture, a placebo form of acupuncture, 
to induce positive therapeutic effects similar to those of 
verum acupuncture. While individual patient outcomes 
vary widely, both verum and sham groups usually dem-
onstrate superiority and clinical benefits when com-
pared with wait list control groups.12–18

In a landmark clinical trial on acupuncture treatment 
of chronic low back pain, Cherkin and colleagues19 com-
pared the treatment effects of individualized acupunc-
ture, standardized acupuncture, simulated acupuncture, 
and usual care. After eight weeks of treatment, mean 
pain-related dysfunction scores for the individual-
ized, standardized, and simulated acupuncture groups 
improved by 4.4, 4.5, and 4.4 points respectively, com-
pared with 2.1 points for those receiving usual care. The 
results from this study raised more questions than they 
answered. Why can sham acupuncture produce such a pow-
erful placebo effect? What is the best predictor of acupuncture 
treatment outcome? What is the best inert sham acupunc-
ture treatment? What is/are the most crucial component(s) of 
acupuncture?

In an attempt to find predictors of acupuncture 
response, Linde and colleagues20 reanalyzed the results 
from several RCTs of acupuncture treatment for chronic 
pain and found that expectation of relief was the only 

factor that correctly predicted outcome. In support of 
this hypothesis, Kaptchuk and colleagues21 found that 
relative to sham acupuncture treatment delivered to 
patients with limited treatment provider engagement, 
sham acupuncture delivered with augmented context 
(more empathy, attention and rituals from the acupunc-
turist) increased expectation of a good outcome and 
indeed produced a significant increase in clinical benefit. 
Taken together, these studies suggest that many aspects 
of acupuncture treatment, including needle penetration, 
empathic touch, and other related ritual procedures as 
well as patients’ belief/expectancy, may all contribute to 
a large effect in sham acupuncture treatment.

Due to contradictory results from individual clinical 
trials, investigators attempted to pool data from mul-
tiple studies to estimate the effect size of acupuncture 
treatment to reduce chronic pain. Initial meta-analytic 
reviews tended to arrive at negative conclusions (e.g.11), 
while more recent reviews tend to draw more positive 
conclusions(e.g.8). This may be due to improvements 
in the quality of clinical trial methods in acupuncture 
research. In the most recent meta analysis, Vickers and 
colleagues22 pooled the individual subject data from 29 
high-quality RCTs (17 922 patients in total) to estimate 
the efficacy of acupuncture treatment on four chronic 
pain conditions: back and neck pain, osteoarthritis, 
chronic headache, and shoulder pain. Results indicate 
that acupuncture treatment was superior to both sham 
and no-acupuncture control for all four pain conditions, 
and further that the effect sizes were similar across pain 
conditions when outlier trials were excluded. These 
results provide strong evidence that acupuncture is 
more than a placebo (Fig. 12.1). Nevertheless, the results 
also indicate the differences between true and sham acu-
puncture are relatively modest, implying non-specific 
effects are important contributors to acupuncture thera-
peutic effects.

An important observation from these reviews is the 
heterogeneity in the efficacy of acupuncture treatment 
for different pain disorders, i.e. reporting a positive con-
clusion for acupuncture treatment for chronic pain con-
ditions such as low back pain, osteoarthritis and neck 
pain, but a negative conclusion for other chronic pain 
conditions such as fibromyalgia.8 Thus, although there is 
little truly convincing evidence that acupuncture is effec-
tive in reducing all types of clinical pain, for some spe-
cific chronic pain disorders the evidence for acupuncture 
effectiveness is very strong. Further investigation of the 
disorder specificity of acupuncture efficacy may enhance 
our understanding of mechanisms underlying both acu-
puncture and chronic pain disorders.

In summary, although the sources of heterogeneity 
in the efficacy of acupuncture treatment on chronic pain 
are not clear, there is strong evidence indicating that acu-
puncture can produce a moderately greater effect than 
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FIGURE 12.1 Forest plots for the comparison of true and sham acupuncture across different chronic pain disorders from Vivkers et al.22  
(A) Osteoarthritis; (B) chronic headache; (C) musculoskeletal pain; (D) shoulder pain.
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sham treatment for specific chronic pain conditions. This 
conclusion coupled with the very low incidence of risks 
and side effects calls for the incorporation of acupunc-
ture treatment into management of these chronic pain 
disorders.

CHALLENGES AND ISSUES IN PLACEBO/
SHAM ACUPUNCTURE STUDIES

Placebo effects are psychobiologic events attributable 
to the overall therapeutic context in which an inert treat-
ment is given.3 One of the greatest challenges in acupunc-
ture research is the difficulty in finding an appropriate 
inert acupuncture treatment. This is partly due to the 
lack of a clear definition of acupuncture and limitations 
in our understanding of the underlying mechanisms of 
acupuncture treatment.

For example, although accurately stimulating acu-
points is historically an important aspect of effective 
acupuncture, studies have shown that similar treatment 
effects could be produced by stimulating areas outside 
of the boundaries of the proper acupoints or meridians.23 
These findings raise other important questions. If admin-
istration of acupuncture to an area that is not an acupoint 
produces treatment effects, should we regard acupuncture as 
having a placebo effect? Or should we be re-working our cur-
rent definition of genuine acupuncture acupoints to include 
those other areas? For instance, an area of active research 
on its own is the investigation of innovative hypotheses 
regarding the mechanisms of how acupuncture needle 
manipulation of connective tissue translates into homeo-
static biomechanical signaling of neuronal, immunologi-
cal and endocrine systems.24–29

In addition to acupuncture point specificity, we 
should also be re-thinking our current definition of what 
constitutes a proper acupuncture tool. Acupoints can be 
stimulated by ‘superficial’ stimulation, that is, stimula-
tion without needle insertion. Indeed, there is an entire 
system of treatment, known as Jin Shin or acupressure, 
that uses light touch of the treater’s fingertips over the 
acupoints as the ‘tool’.30 For another example, trans-
cutaneous electrical nerve stimulation (TENS), which 
involves a patch that electrically stimulates a specific 
area of skin, could be considered a form of acupunc-
ture in which the acupuncture tool (the TENS patch) is 
stimulating a large acupoint area.5 Ancient traditional 
Chinese literature lists nine forms of acupuncture tools, 
including both sharp needles that penetrate the skin at 
a small, specific acupoint, and smooth-tipped needles 
that stimulate larger acupoint areas. The ancient litera-
ture calls all nine types of acupuncture tools ‘needles’, 
regardless of whether they puncture the skin (Neijing, 
SuWen, Chapter 1). Today, smooth-tipped needles that 
produce treatment effects are generally regarded as 

having produced a placebo effect; however, traditional 
Chinese acupuncture would most likely regard the use 
of smooth-tipped needles as one of the multiple, genuine 
forms of acupuncture.

Currently, investigators use a variety of tools as sham 
acupuncture devices for research, including tooth picks 
with guide tubes, fake or minimum TENS, and dif-
ferent kinds of sham needles. The sham acupuncture 
needle developed by Streitberger and colleagues has 
become popular in acupuncture research. This validated 
device31–34 consists of a sham needle inserted through a 
small, tape-covered plastic ring. The needle retracts into 
its casing when pressed on the skin, similar to the action 
of a retractable stage knife. A second sham needle, devel-
oped by a Japanese group,35 is gaining in popularity. The 
tip of this double-blind non-penetrating sham needle 
simply presses against the skin.35 The appearance and 
feel of these needles are designed to be indistinguishable 
to the treater from real acupuncture needles, which do 
penetrate the skin. Thus, both patients and acupunctur-
ist can be blinded in clinical trials.

The general assumption about using placebo needles 
is that non-penetrating needle stimulation cannot pro-
duce treatment effects. As noted above, according to 
Traditional Chinese Medicine, this assumption is not 
necessarily true. The advantage of using placebo needles 
is the ability to mimic genuine acupuncture procedures 
in all aspects of clinical practice. To avoid the potential 
limitations of non-acupoints and sham needles, some 
investigators have attempted to combine the two meth-
ods, using sham acupuncture on non-acupoints, which 
may be a more appropriate, albeit still imperfect, control.

SUBJECTIVE AND OBJECTIVE 
MEASUREMENTS IN ACUPUNCTURE 

AND PLACEBO STUDIES

Outcome measurement is a crucial component of 
evaluating treatment effects. In placebo studies, it is not 
uncommon to find a discrepancy between objective and 
subjective improvements from placebo treatments.36–41 
For instance, in a within-subject, repeated measures, 
crossover study published in the New England Journal 
of Medicine, the authors41randomly assigned 46 patients 
with asthma to active treatment with an albuterol inhaler, 
a placebo inhaler, sham acupuncture, or no intervention. 
At each visit, spirometry was performed repeatedly over 
a period of 2 hours. Maximum forced expiratory vol-
ume in 1 second (FEV(1)) was measured, and patients’ 
self-reported improvement in breathing ratings were 
recorded. The results showed that albuterol resulted in 
a 20% increase in FEV(1), as compared with approxi-
mately 7% increases with each of the other three inter-
ventions. However, patients’ reports of improvement 
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after the intervention did not differ significantly for the 
albuterol inhaler (50% improvement), placebo inhaler 
(45%), or sham acupuncture (46%).

Similarly, in another study, Fregni and colleagues42 
investigated the acute effect of levodopa, placebo pill 
or sham transcranial magnetic stimulation on the motor 
function of patients with Parkinson’s disease on three 
different occasions using a crossover design. They found 
that only the levodopa treatment resulted in objectively 
measured motor function improvement, yet patient’s 
subjective report of motor function improvement after 
the two different placebo treatments was equal to that of 
the levodopa.

CONTRIBUTION OF NEUROIMAGING TO 
ACUPUNCTURE AND PLACEBO/NOCEBO 

RESPONSE

Both because of this need for objective measurements 
and because of the clear role of the brain in mediating 
the effects of acupuncture and placebo, investigators are 
turning to imaging methods, such as functional mag-
netic resonance imaging (fMRI) and positron emission 
tomography (PET). Technical improvements in fMRI due 
to more powerful magnets, increasingly sophisticated 
imaging hardware, and, in particular, the development 
of new experimental paradigms and data analysis meth-
ods, allow the investigation of neural events as dynamic 
processes within the whole brain. Both the spatial and 
temporal aspects of neural activity underlying placebo 
and acupuncture treatment can be explored. Techni-
cal advances in PET imaging not only provide tools for 
investigating brain metabolism, blood flow changes, 
and other non-selective markers of neural activity, but 
also for investigating whole-brain determinants of spe-
cific receptor-binding distributions in fully conscious 
humans. Such progress enables us to indirectly assess 
neurotransmitter changes associated with placebo 
analgesia.

Several functional neuroimaging placebo acupunc-
ture studies have been published.43–45 The results are 
reminiscent of earlier non-imaging studies in that they 
have shown significant differences between verum and 
sham acupuncture in objectively measured imaging 
markers of brain activation in the setting of no signifi-
cant differences between the two treatments with regard 
to subjective measurements of treatment effect.

In a previous review,46 we posed a theoretical frame-
work for interpreting the results of the neuroimaging 
literature of placebo analgesia. According to this frame-
work, placebo treatment may exert an analgesic effect on 
at least three stages of pain processing, by (1) influenc-
ing pre-stimulus expectation of pain relief, (2) modify-
ing pain perception, and (3) distorting post-stimulus 

pain rating. Based on the framework and on our subse-
quent studies,46–50 we speculate that some level of bias/
distortion in subjective pain ratings may account for this 
outcome, as in cognitive neuroscience, subjective reports 
can be significantly biased on account of previous expe-
rience and expectation.51,52 In a recent study,50 we found 
a placebo-related analgesia effect evoked by visual cues 
to be significantly correlated with hippocampal activa-
tion during pain rating. (We used placebo-related anal-
gesia here because there is no placebo administered in 
this study. However, in both placebo analgesia evoked 
by placebo treatment and placebo-related analgesia 
evoked by a visual cue, the psychosocial context plays 
a key role.53)

Over the past few years, we have conducted several 
studies to investigate both the placebo and nocebo effects 
produced by acupuncture. One advantage of studying 
sham acupuncture is that it is novel and unfamiliar to 
many individuals in western culture, unlike pills, oint-
ments, or injections. This minimizes the variance in sub-
jective response introduced by prior conditioning. These 
studies also directly compared placebo analgesia with 
acupuncture analgesia and investigated how expectancy 
can modulate the effect of acupuncture treatment on 
pain.

Sham Acupuncture Evoked Placebo Effect

One challenge of studying placebo analgesia in 
healthy subjects is that expectancy evoked by verbal cues 
is, in general, weak compared to that in patients.54–56 
This is particularly true in the United States where acu-
puncture is a novel treatment method and thus there is 
no prior positive conditioning from previous healing 
experiences. Thus, the aim of our first study57 was to test 
whether sham acupuncture could elicit detectable pla-
cebo analgesia in healthy subjects.

To overcome the limitation of weak placebo effect 
in healthy, acupuncture-naïve subjects, we applied an 
expectancy manipulation model47,48,58,59 to boost the 
analgesic effect of sham acupuncture. This conditioning 
method has been widely used in neuroimaging placebo 
analgesia studies.60–64 Specifically, we performed a three-
session study in which all subjects participated in two 
behavioral testing sessions and one fMRI scanning ses-
sion, separated by a minimum of three days.

The first behavioral session was used to determine 
appropriate stimulus intensities for each subject, to min-
imize anticipatory anxiety, and to train subjects to rate 
a noxious thermal pain stimulus using the Sensory Box 
and Affective Box 0–20 scales.65–67

The second behavioral session was designed to manip-
ulate the subjects’ expectancy of acupuncture analgesia. 
At the beginning of the session, subjects viewed a figure 
depicting how acupuncture meridian lines connect a set 
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of acupuncture points according to Traditional  Chinese 
Medicine. Subjects were then told that according to 
acupuncture theory and previous reports, acupuncture 
would only produce an analgesic effect on the side of 
the arm where needles were placed (‘treatment’ side), 
but not on the other side of the arm where there were 
no needles (control side). Finally, subjects were told that 
they would be receiving identical sequences of painful 
heat stimuli before and after treatment so that if they 
were ‘good’ acupuncture responders, they would feel 
less pain on the treated (sham acupuncture) than on the 
untreated (control) side of the arm after the acupuncture 
treatment. In reality, the information they were told is 
likely not true (Fig. 12.2).

Next, three identical sequences of painful stimuli were 
applied to areas on both sides of the arm. Sham acupunc-
ture using Streitberger sham needles31–34 applied at non 
acupoints was then performed for 5 minutes. After treat-
ment, the same pain sequences were applied to the same 
areas on the control side of the arm, but surreptitiously 
lowered temperatures were used when the sequences 
were applied to the areas on the sham acupuncture 
treatment side (the ‘treated’ side of the arm). This gave 
them an unmistakable ‘analgesic’ experience. After this 
manipulation, all subjects reported greater expectation 
for pain relief following acupuncture treatment.

Session three took place inside the fMRI scanner. 
Subjects were told that the exact procedures of Session 
2 would be repeated while the subject was inside the 
scanner to investigate the brain networks involved in 
acupuncture analgesia. In reality, subjects only received 
the same pre-treatment stimuli sequences and sham acu-
puncture treatment on the same side of their arm as they 
did in Session 2. In contrast to Session 2, this time after 
treatment, subjects received the sequence with lowered 
temperature stimulation on the first area of the treated 
side of the arm and instead received identical sequences 
with unchanged temperatures on the remaining areas of 

both the treated and untreated sides of their arm. Thus 
we were able to analyze fMRI scans of the subjects col-
lected while they experienced exactly identical, cali-
brated noxious heat stimuli, where the only difference 
was that they expected to feel less pain after treatment 
on spots that were on the ‘treated’ side of their arm.

Sham acupuncture with the manipulation reduced 
subjective pain rating (pre minus post) significantly 
more on the treated side of the arm compared to the 
control side. When the contrast that subtracts the fMRI 
signal difference (pre minus post-treatment) during 
application of the noxious stimulus on the treated side of 
the arm from the same difference on the control side (e.g. 
placebo (post-pre)—control (post-pre)) was calculated, 
highly localized significant differences were observed in 
brain activation in the bilateral rostral anterior cingulate 
cortex (rACC), lateral prefrontal cortex, right anterior 
insula, and left inferior parietal lobule. Interestingly, the 
pattern of brain activity changes differ from a similar 
previous expectancy enhanced, placebo analgesia fMRI 
study60 that found decreased activity in pain-sensitive 
regions such as the thalamus, insula, and ACC when 
comparing the response to noxious stimuli applied to 
control and placebo cream-treated areas of the skin. Our 
results suggest that placebo analgesia may be config-
ured through multiple brain pathways and that different 
placebo modalities, pain stimuli paradigms and other 
experimental details may all influence the final results.

Sham Acupuncture Evoked Nocebo Effect

Previous studies suggest that nocebo effects, some-
times termed ‘negative placebo effects’, contribute 
appreciably to a variety of medical symptoms,68,69 
adverse events in clinical trials and medical care,70–73 
and public health ‘mass psychogenic illness’ outbreaks.74 
For instance, Ko and colleagues75 found patients who 
received a beta-blocker and patients who received a 

FIGURE 12.2 Representative brain regions involved in expectancy (blue) and acupuncture treatment (green) from ANOVA analysis across 
four groups.44 The red color indicates the mask of high pain minus low pain across four groups. L indicates left side of the brain, R indicates right 
side of the brain. rACC, rostral anterior cingulate cortex; MPFC, medial prefrontal cortex; LPC, paracentral lobule; PAG, periaqueductal gray; NL, 
lentiform nucleus; INS, insula; OPFC, orbital prefrontal cortex; NA, amygdala. This figure is reproduced in color in the color section.
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placebo reported comparable levels of common side 
effects, including depressive symptoms, fatigue, and 
sexual dysfunction.

In previous studies, neurophysiologic theories to 
account for nocebo effects have been tested in human 
subjects. For instance, Benedetti and colleagues76 found 
that while proglumide, a nonspecific cholecystokinin 
antagonist, could counteract nocebo-induced hyperal-
gesia, the opioid antagonist naloxone had no effect on 
nocebo responses. In another study,77 they found that 
while the benzodiazepine diazepam could block both 
nocebo hyperalagesia and hypothalamic–pituitary–
adrenal (HPA) hyperactivity, proglumide could block 
only the former. The results indicate that proglumide 
may act specifically on the CCK-mediated link between 
pain and anxiety that may or may not be the same site of 
action of the benzodiazepine-mediated anti-nociception. 
These studies underscore the complexity of these neural 
systems and the need for further work.

In an fMRI study from our group,78 the neural mecha-
nism of nocebo hyperalgesia evoked by sham acupunc-
ture treatment was investigated using a variation on the 
modified expectancy model described above. The main 
difference between this study78 and the placebo analge-
sia study discussed above57 is that, in this study, subjects 
were told at the beginning of the session that acu-
puncture can sometimes produce hyperalgesia and we 
increased the pain stimulus temperature on the treated  
side of the forearm after treatment to create the expecta-
tion of pain worsening, instead of decreasing the stim-
ulus temperature in the manipulation session on the 
treated side to enhance the expectancy of pain relief. The 
nocebo hyperalgesia effect of sham acupuncture treat-
ment was then tested while subjects were in the fMRI 
scanner (Session 3).

We found that after administering sham acupuncture 
treatment, subjective pain intensity ratings increased 
significantly more in areas of the arm associated with 
the nocebo treatment compared with the control areas 
where no expectancy conditioning manipulation was 
performed. fMRI analysis of hyperalgesic nocebo 
responses to identical calibrated noxious stimuli showed 
signal increases in brain regions, including bilateral dor-
sal ACC, insula, medial frontal gyrus, orbital prefrontal 
cortex, superior parietal lobule and hippocampus; and 
right claustrum/putamen, and lateral prefrontal gyrus. 
These results are consistent with the interpretation that 
nocebo hyperalgesia is mediated by activity in a net-
work referred to as the affective–cognitive pain pathway 
(medial pain system) and further, that the left hippo-
campus may play an important role in this process. The 
crucial role of hippocampus in negative expectancy 
and nocebo has been supported by a subsequent study 
from another group,79 in which the analgesic effect of 
the potent mu opioid analgesic, remifentanil, was both 

positively and negatively manipulated using a clever, 
within-subject design. After an initial conditioning ses-
sion, the subjects were tested in the fMRI scanner. The 
negative conditioning was sufficiently robust to com-
pletely abolish the analgesic effect of the drug, and the 
hippocampus is involved in the modulation process.

How Expectancy can Modulate Acupuncture 
Effects

In a study with a 2 × 2 design (treatment by expec-
tancy),43,80 we combined the expectancy manipulation 
model described above with brain imaging (fMRI) to 
investigate (1) the underlying mechanism of acupunc-
ture and placebo analgesia, and (2) whether expectancy 
can modulate acupuncture treatment effects.

In this three-session study, we used Session 1 for train-
ing and familiarity. In Session 2, subjects were random-
ized to one of four groups: verum acupuncture with high 
expectancy (VH), verum acupuncture with low expec-
tancy (VL), placebo acupuncture with high expectancy 
(PH), and placebo acupuncture with low expectancy 
(PL). Subjects in the high-expectancy groups received an 
expectancy manipulation following treatment with verum 
or sham acupuncture. Subjects in the low-expectancy 
groups did not receive an expectancy manipulation but 
did go through otherwise identical procedures. In other 
words, the high-expectancy groups were conditioned 
to expect acupuncture treatment to produce analgesia 
by the surreptitiously lowered intensity post-treatment 
stimuli, while the low-expectancy groups were more 
purely testing the effects of the physical aspects of the 
acupuncture treatment by minimizing the placebo com-
ponent. In Session 3, subjects entered the MRI scanner to 
investigate fMRI signal change and subjective pain rating  
changes after the expectancy manipulation.

Changes in subjective pain ratings in all four groups 
were analyzed via a 2 × 2 × 2 mixed model analysis of 
variance (ANOVA).We found a significant main effect 
on which side subjects were told would be affected by 
treatment, with subjects reporting greater pain reduction 
on the ‘treated’ side than on the control side of the arm. 
There was also a significant interaction between what 
they were told (treated or control) and expectancy. There 
were no other significant main effects or interactions.44

For the fMRI data, we first performed an ANOVA 
analysis on the treated side of the four groups (a match-
ing ANOVA on the subjective pain rating changes 
showed a significant main effect for expectancy level 
(high > low), but not for treatment mode (verum or sham 
acupuncture), nor the interaction of expectancy and 
treatment mode.

The brain regions involved in the main effects of treat-
ment mode (verum acupuncture vs sham acupuncture) 
include bilateral PAG, thalamus; left insula, pons/medulla  
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oblongata, and inferior frontal cortex/insula; and right 
lentiform nucleus/insula.44 Most of these regions are 
involved in pain perception and modulation,81,82 indicat-
ing that acupuncture can directly modulate pain percep-
tion (Fig. 12.2).

The brain regions involved in the main effects 
of expectancy (high expectancy vs low expectancy) 
included bilateral MPFC/rostral ACC, precentral gyrus 
and medial prefrontal cortex/paracentral lobule, left 
primary somatomotor, posterior insula/operculum, 
and superior frontal gyrus, and right amygdala. Most of 
these regions are involved in emotion modulation and 
cognitive control of pain (Fig. 12.2).

To investigate whether expectancy enhances the treat-
ment effect of verum acupuncture, a between-group 
comparison of pre- and post-treatment fMRI signal 
differences between the verum acupuncture with high 
expectancy and verum acupuncture with high expec-
tancy groups on treated (HE/LE) and control sides of 
the arm were conducted separately. On the treated side 
of the arm, verum acupuncture in the VH group pro-
duced significantly greater fMRI signal decreases than 
did verum acupuncture in the VL group in brain regions 
including bilateral rACC/medial prefrontal cortex, 
medial prefrontal cortex, left dorsolateral prefrontal cor-
tex and orbital prefrontal cortex. No region was above 
threshold for the opposite comparison. On the control 
side, no region was above threshold for the compari-
son of VH > VL. The only region above threshold for the 
opposite comparison, VL > VH, was a small area in the 
left subgenual cortex.44 Thus, expectancy significantly 
enhanced the treatment effect of verum acupuncture as 
indicated by both subjective pain rating and fMRI signal 
changes.

It is worth noting that this dissociation between sub-
jective and objective measurements between real and 
sham acupuncture is also observed in chronic pain 
patients. A recent study conducted by Harris and col-
leagues45 compared both short- and long-term effects 
of traditional Chinese verum acupuncture versus sham 
acupuncture treatment on in vivo mu opioid receptor 
(MOR) binding availability in patients with fibromy-
algia. Results showed that after 4 weeks of treatment, 
verum acupuncture evoked (1) short-term increases in 
MOR binding potential in the cingulate (dorsal and sub-
genual), insula, caudate, thalamus, and amygdale, and 
(2) long-term increases in MOR binding potential in the 
cingulate (dorsal and perigenual), caudate, and amyg-
dala. These short- and long-term effects were absent in 
the sham group where small reductions were observed. 
Long-term increases in MOR binding potential following 
verum acupuncture were also associated with greater 
reductions in clinical pain. These findings suggest that 
different MOR processes may mediate clinically relevant 
analgesia effects for acupuncture and sham acupuncture.

As we have described previously, this significant 
modulatory effect of expectancy is not specific to acu-
puncture. The recent study79 investigating expectancy 
modulation of the analgesia effect of remifentanil found 
a significant ‘dose’ effect of expectancy, such that positive 
expectancy can significantly enhance the analgesic effect 
of remifentanil, and negative expectancy can abolish 
the analgesic effect of the drug. Interestingly, although 
the brain fMRI signal changes are not exactly the same 
as reported in our acupuncture studies (not surprising 
given the multiple differences in experimental para-
digms), their study also found that positive expectancy 
is associated with increased activity in rACC, and nega-
tive expectancy is associated with increased activity in 
the hippocampus, which is consistent with our previous 
placebo82 and nocebo78 studies, respectively (for more 
details please also see Chapter 13).

In summary, these results indicate that different brain 
mechanisms are involved in verum and sham acupunc-
ture analgesia; and further that these pathways are 
uniquely different from those mediating nocebo hyper-
algesia. As a peripheral-central modulation, acupunc-
ture needle manipulation may inhibit incoming noxious 
afferent activity, while as a top-down modulation, expec-
tancy (placebo) may work through cognitive control and 
emotional neural circuitry. In addition, we also found 
that expectancy modulates the treatment effect of acu-
puncture, as measured by both fMRI signal and subjec-
tive pain rating changes.

Brain Network Related to Acupuncture 
Stimulation

In recent decades, investigators have also explored 
what happens during acupuncture needle stimulation. 
Acupuncture needle stimulation has been found to evoke 
changes in an extensive brain network, with reports of 
both fMRI signal increases and decreases.83–87 This has 
been a unique aspect of acupuncture research. Treat-
ment procedures of other therapeutic methods, such as 
administration of pain pills or application of anesthetic 
cream, have generally not been studied. The rational for 
investigating brain activity changes during acupuncture 
needle stimulation is the belief that elucidating the brain 
networks involved in acupuncture needling will eventu-
ally increase our understanding of acupuncture’s thera-
peutic effects.

Pariente and colleagues compared brain responses to 
three modes of stimulation, verum acupuncture, sham 
acupuncture with Streitberger needle stimulation, and 
overt sham skin pricking, to directly assess the neu-
ral activity associated with the treatment in patients 
with osteoarthritis using PET imaging.88 They found 
that verum acupuncture evoked more activation in the 
insula ipsilateral to the site of needling compared to the 
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site of placebo intervention. Both genuine acupuncture 
and sham acupuncture evoked greater activation than 
skin prick (no expectation of a therapeutic effect) in the 
right dorsolateral prefrontal cortex, ACC, and midbrain. 
These results indicate that verum acupuncture has a 
specific physiologic effect that differs from the effects 
evoked by patients’ expectation.

In the 2 × 2 expectancy study discussed above,43,80 we 
used continuous electroacupuncture stimulation (EAS) 
(2 Hz) for about 20 minutes in total. One challenge of 
analyzing fMRI data on continuous EA is that traditional 
block or event-related design/data analysis is not appro-
priate for long-duration stimulation. To overcome this 
issue, we posed the concept of EAS state and utilized 
functional connectivity data analysis methods typically 
applied to resting state fMRI data.

Using the coordinates of the PAG (identified by the 
main effect of acupuncture) as a seed, we89 investigated 
differences in functional connectivity between subjects 
receiving the verum and sham acupuncture with differ-
ent expectancy levels. The PAG was chosen for analy-
sis because it is well known that the PAG plays a role 
in pain modulation,90,91 and because the PAG has been 
found to play an important role in acupuncture analge-
sia,92 and also because a previous analysis conducted 
using this same data set found that fMRI signal changes 
in response to calibrated heat pain were inhibited at the 
PAG after verum acupuncture treatment, but were not 
influenced by the subject’s level of expectancy of treat-
ment analgesia.44 We found that, compared with sham 
EAS, EAS state showed significantly enhanced func-
tional connectivity between the PAG and left posterior 
cingulate cortex & precuneus, and reduced functional 
connectivity between the PAG and right anterior insula.

In another study93 that utilizes a data-driven func-
tional connectivity data analysis method called indepen-
dent component analysis (ICA), we found that EA can 
enhance the functional connectivity between the execu-
tive control network and PAG, which, consistent with our 
previous findings, indicates that EA can produce analge-
sia through the descending pain control system.44,89 We 
also found that high expectancy is associated with strong 
functional connectivity in areas associated with emotion 
and memory retrieval (such as the amygdala and para-
hippocampus), suggesting that expectancy may produce 
analgesia through emotion modulation. Finally, we found 
that there is a significant interaction between EA and 
expectancy in the anterior insula, an area of the ‘salience 
network’ that integrates information about the signifi-
cance of stimulation into perceptual decision-making.94

These results suggest that the functional connectivity 
changes evoked by expectancy are different from func-
tional connectivity changes during EAS state. This provides 
new information on our understanding of the mechanisms 
underlying verum and sham acupuncture analgesia.

Overall, studies have indicated that verum acupunc-
ture modulates pain perception differently than sham 
acupuncture and that acupuncture stimulation itself is 
associated with complicated functional changes in brain 
networks. Clearly, much more work is needed on this 
topic.

SUMMARY AND FUTURE DIRECTIONS

Clinical trials suggest that verum acupuncture can 
be moderately more effective than placebo acupuncture 
treatment for some chronic pain conditions. Neverthe-
less, non-specific effects provide a significant contribu-
tion to the therapeutic benefits of acupuncture. With 
the aid of brain-imaging tools, our understanding of the 
underlying mechanisms of both verum and sham acu-
puncture has been significantly enhanced. It seems that 
different mechanisms are responsible for the analgesic 
effect of verum acupuncture and placebo acupuncture 
treatment. We must, however, realize that both verum 
and sham acupuncture are very complicated phenom-
ena, and we have a long way to go before we can har-
ness and combine the two to obtain the best clinical 
outcome. To reach this goal, several key questions need 
to be answered.
  

 1.  Source of individual variability in response to 
acupuncture treatment? For a long time, we have 
known that individuals’ responses to both placebo 
verum and sham acupuncture vary significantly, 
but the underlying mechanisms for this variability 
remain to be answered. It may be that a multitude 
of factors, including personal traits, differences in 
brain structure, brain response during anticipation 
or the pain or other symptoms, genetic or 
epigenetic factors, are responsible.

 2.  Relationship between different modalities 
of placebo treatment (for instance, placebo 
pills versus placebo injections versus sham 
acupuncture) and schools of acupuncture 
treatment (for instance, manual acupuncture 
versus electroacupuncture)?

 3.  Is our response to placebo and acupuncture 
treatment a state or trait characteristic, and does it 
vary across different conditions or symptoms?

 4.  Relationship between the specific and non-
specific effects of particular treatments? Does 
an individual who tends to respond to verum 
acupuncture treatment also tend to respond to 
sham acupuncture treatment?

 5.  Experimental studies in healthy subjects indicate 
that expectancy manipulation significantly 
boosts placebo effects. Are we allowed to boost 
the placebo or non-specific effect of treatment to 
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enhance the cumulative effects of acupuncture 
treatments on patients in clinics? What ethical 
issues need to be taken into account when we 
boost placebo effect in clinics, if and when 
deception is involved? It remains challenging 
to maintain a balance between maximizing 
the benefit to patients (through some level of 
deception) and truthful disclosure in acupuncture 
practice.95

  

References
 1.  Shapiro AK, Shapiro E. The Powerful Placebo: From Ancient Priest to 

Modern Physician. Baltimore: The Johns Hopkins University Press; 
1997.

 2.  Kaptchuk TJ. Placebo studies and ritual theory: a comparative anal-
ysis of Navajo, acupuncture and biomedical healing. Philos Trans R 
Soc Lond B Biol Sci. 2011;366(1572):1849-1858.

 3.  Finniss DG, Kaptchuk TJ, Miller F, Benedetti F. Biological, clini-
cal, and ethical advances of placebo effects. Lancet. 2010;375(9715): 
686-695.

 4.  Mayer DJ, Prince DD, Rafii A. Antagonism of acupuncture an-
algesia in man by the narcotic antagonist naloxone. Brain Res. 
1977;121:368-372.

 5.  Han JS. Acupuncture: neuropeptide release produced by electrical 
stimulation of different frequencies. Trends Neurosci. 2003;26:17-22.

 6.  Levine JD, Gordon NC, Fields HL. The mechanism of placebo anal-
gesia. Lancet. 1978;2(8091):654-657.

 7.  Benedetti F, Arduino C, Amanzio M. Somatotopic activation of opi-
oid systems by target-directed expectations of analgesia. J Neurosci. 
1999;19(9):3639-3648.

 8.  Ernst E, Lee MS, Choi TY. Acupuncture: does it alleviate pain and 
are there serious risks? A review of reviews. Pain. 2011;152(4):755-764.

 9.  Colloca L, Finniss D. Nocebo effects, patient-clinician communica-
tion, and therapeutic outcomes. JAMA. 2012;307(6):567-568.

 10.  Ernst E. Acupuncture – a critical analysis. J Intern Med. 2006; 
259(2):125-137.

 11.  Linde K, Vickers A, Hondras M, et al. Systematic reviews of com-
plementary therapies – an annotated bibliography. Part 1: acupunc-
ture. BMC Complement Altern Med. 2001;1:3.

 12.  Kaptchuk TJ. The Web that has no Weaver: Understanding Chinese 
Medicine. Chicago: Contemporary Books (McGraw-Hill); 2000.

 13.  Kaptchuk TJ. Acupuncture: theory, efficacy, and practice. Ann 
 Intern Med. 2002;136(5):374-383.

 14.  Leibing E, Leonhardt U, Koster G, et al. Acupuncture treatment of 
chronic low-back pain – a randomized, blinded, placebo-controlled 
trial with 9-month follow-up. Pain. 2002;96:189-196.

 15.  Brinkhaus B, Witt CM, Jena S, et al. Acupuncture in patients with 
chronic low back pain: a randomized controlled trial. Arch Intern 
Med. 2006;166(4):450-457.

 16.  Haake M, Muller HH, Schade-Brittinger C, et al. German acupunc-
ture trials (GERAC) for chronic low back pain: randomized, multi-
center, blinded, parallel-group trial with 3 groups. Arch Intern Med. 
2007;167(17):1892-1898.

 17.  Melchart D, Streng A, Hoppe A, et al. Acupuncture in patients 
with tension-type headache: randomised controlled trial. BMJ. 
2005;331(7513):376-382.

 18.  Linde K, Streng A, Jurgens S, et al. Acupuncture for patients with 
migraine: a randomized controlled trial. JAMA. 2005;293(17): 
2118-2125.

 19.  Cherkin DC, Sherman KJ, Avins AL, et al. A randomized trial com-
paring acupuncture, simulated acupuncture, and usual care for 
chronic low back pain. Arch Intern Med. 2009;169(9):858-866.

 20.  Linde K, Witt CM, Streng A, et al. The impact of patient expecta-
tions on outcomes in four randomized controlled trials of acupunc-
ture in patients with chronic pain. Pain. 2007;128(3):264-271.

 21.  Kaptchuk TJ, Kelley JM, Conboy LA, et al. Components of placebo 
effect: randomised controlled trial in patients with irritable bowel 
syndrome. BMJ. 2008;336(7651):999-1003.

 22.  Vickers AJ, Cronin AM, Maschino AC, et al. Acupuncture for chron-
ic pain: individual patient data meta-analysis. Arch Intern Med. 
2012;172:1-10.

 23.  Han JS. Acupuncture analgesia: areas of consensus and  controversy. 
Pain. 2011;152(suppl 3):S41-S48.

 24.  Langevin HM, Bouffard NA, Badger GJ, et al. Subcutaneous tissue 
fibroblast cytoskeletal remodeling induced by acupuncture: evi-
dence for a mechanotransduction-based mechanism. J Cell Physiol. 
2006;207(3):767-774.

 25.  Langevin HM, Churchill DL, Fox JR, et al. Biomechanical response  
to acupuncture needling in humans. J Appl Physiol. 2001;91: 
2471-2478.

 26.  Langevin HM, Churchill DL, Wu J, et al. Evidence of connective 
tissue involvement in acupuncture. FASEB J. 2002;16(8):872-874.

 27.  Langevin HM, Konofagou EE, Badger GJ, et al. Tissue displace-
ments during acupuncture using ultrasound elastography tech-
niques. Ultrasound Med Biol. 2004;30(9):1173-1183.

 28.  Langevin HM, Sherman KJ. Pathophysiological model for chronic 
low back pain integrating connective tissue and nervous system 
mechanisms. Med Hypotheses. 2007;68(1):74-80.

 29.  Langevin HM, Storch KN, Cipolla MJ, et al. Fibroblast spreading 
induced by connective tissue stretch involves intracellular redis-
tribution of alpha- and beta-actin. Histochem Cell Biol. 2006;125(5): 
487-495.

 30.  Lee EJ, Frazier SK. The efficacy of acupressure for symptom man-
agement: a systematic review. J Pain Symptom Manage. 2011;42(4): 
589-603.

 31.  Kleinhenz J, Streitberger K, Windeler J, et al. Randomised clinical 
trial comparing the effects of acupuncture and a newly designed 
placebo needle in rotator cuff tendinitis. Pain. 1999;83(2):235-241.

 32.  Streitberger K, Kleinhenz J. Introducing a placebo needle into acu-
puncture research. Lancet. 1998;352:364-365.

 33.  White P, Lewith G, Hopwood V, Prescott P. The placebo needle,  
is it a valid and convincing placebo for use in acupuncture trials?  
A randomised, single-blind, cross-over pilot trial. Pain. 2003;106: 
401-409.

 34.  Kong J, Fufa DT, Gerber AJ, et al. Psychophysical outcomes from 
a randomized pilot study of manual, electro, and sham acupunc-
ture treatment on experimentally induced thermal pain. J Pain. 
2005;6(1):55-64.

 35.  Takakura N, Yajima H. A double-blind placebo needle for acupunc-
ture research. BMC Complement Altern Med. 2007;7:31.

 36.  van Leeuwen JH, Castro R, Busse M, Bemelmans BL. The placebo 
effect in the pharmacologic treatment of patients with lower uri-
nary tract symptoms. Eur Urol. 2006;50(3):440-452; discussion 453.

 37.  Nickel JC. Placebo therapy of benign prostatic hyperplasia: a 
25-month study. Canadian PROSPECT Study Group. Br J Urol. 
1998;81(3):383-387.

 38.  de Jong PJ, van Baast R, Arntz A, Merckelbach H. The placebo effect 
in pain reduction: the influence of conditioning experiences and 
 response expectancies. Int J Behav Med. 1996;3(1):14-29.

 39.  Feather BW, Chapman CR, Fisher SB. The effect of a placebo on 
the perception of painful radiant heat stimuli. Psychosom Med. 
1972;34(4):290-294.

 40.  Kelley JM, Boulos PR, Rubin PAD, Kaptchuk TJ. Mirror, mirror on 
the wall: placebo effects that exist only in the eye of the beholder.  
J Eval Clin Pract. 2009;15:292-298.

 41.  Wechsler ME, Kelley JM, Boyd IO, et al. Active albuterol or placebo, 
sham acupuncture, or no intervention in asthma. N Engl J Med. 
2011;365(2):119-126.

http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0010
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0015
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0020
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0025
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0030
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0035
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0040
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0045
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0050
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0055
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0060
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0065
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0070
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0075
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0080
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0085
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0090
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0095
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0100
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0105
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0110
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0115
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0120
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0125
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0130
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0135
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0140
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0145
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0150
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0155
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0160
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0165
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0170
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0175
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0180
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0185
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0190
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0195
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0200
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0205
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0210
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0210


PLACEBO ANALGESIA, NOCEBO HYPERALGESIA, AND ACUPUNCTURE 125

 42.  Fregni F, Boggio PS, Bermpohl F, et al. Immediate placebo effect in 
Parkinson’s disease – is the subjective relief accompanied by objec-
tive improvement? Eur Neurol. 2006;56(4):222-229.

 43.  Kong J, Kaptachuk TJ, Polich G, et al. Expectancy and treat-
ment interactions: a dissociation between acupuncture analgesia 
and expectancy evoked placebo analgesia. Neuroimage. 2009;45: 
940-949:PMID: 19159691.

 44.  Kong J, Kaptchuk TJ, Polich G, et al. An fMRI study on the in-
teraction and dissociation between expectation of pain relief and 
acupuncture treatment. Neuroimage. 2009;47(3):1066-1076:PMID: 
19501656.

 45.  Harris RE, Zubieta JK, Scott DJ, et al. Traditional Chinese acu-
puncture and placebo (sham) acupuncture are differentiated 
by their effects on mu-opioid receptors (MORs). Neuroimage. 
2009;47(3):1077-1085.

 46.  Kong J, Kaptchuk TJ, Polich G, et al. Placebo analgesia: findings 
from brain imaging studies and emerging hypotheses. Rev Neurosci. 
2007;18(3–4):173-190.

 47.  Montgomery GH, Kirsch I. Classical conditioning and the placebo 
effect. Pain. 1997;72:107-113.

 48.  Price DD, Milling LS, Kirsch I, et al. An analysis of factors that con-
tribute to the magnitude of placebo analgesia in an experimental 
paradigm. Pain. 1999;83:147-156.

 49.  Amanzio M, Benedetti F, Porro CA, et al. Activation likelihood estima-
tion meta-analysis of brain correlates of placebo analgesia in human 
experimental pain. Hum Brain Mapp. 2011; doi:10.1002/hbm.21471.

 50.  Kong J, Jensen K, Loiotile R, et al. Functional connectivity of fronto-
parietal network predicts cognitive modulation of pain. Pain. 2013. 
http://dx.doi.org/10.1016/j.pain.2012.1012.1004.

 51.  Mesulam MM. From sensation to cognition. Brain. 1998;121: 
1013-1052.

 52.  Miller EK, Cohen JD. An integrative theory of prefrontal cortex 
function. Annu Rev Neurosci. 2001;24:167-202.

 53.  Benedetti F. Mechanisms of placebo and placebo-related  effects 
across diseases and treatments. Annu Rev Pharmacol Toxicol. 
2008;48:33-60.

 54.  Roberts AH, Kewman DG, Hevell M. The power of nonspecific 
effects in healing implication for psychosocial and bioligical treat-
ments. Clin Pysychol Rev. 1993;12:375-391.

 55.  Charron J, Rainville P, Marchand S. Direct comparison of pla-
cebo effects on clinical and experimental pain. Clin J Pain. 2006; 
22(2):204-211.

 56.  Colloca L, Tinazzi M, Recchia S, et al. Learning potentiates neu-
rophysiological and behavioral placebo analgesic responses. Pain. 
2008;139(2):306-314.

 57.  Kong J, Gollub RL, Rosman IS, et al. Brain activity associated with 
expectancy-enhanced placebo analgesia as measured by functional 
magnetic resonance imaging. J Neurosci. 2006;26(2):381-388.

 58.  Voudouris NJ, Peck CL, Coleman G. The role of conditioning 
and verbal expectancy in the placebo response. Pain. 1990;43(1): 
121-128.

 59.  De Pascalis V, Chiaradia C, Carotenuto E. The contribution of sug-
gestibility and expectation to placebo analgesia phenomenon in an 
experimental setting. Pain. 2002;96(3):393-402.

 60.  Wager TD, Rilling JK, Smith EE, et al. Placebo-induced  changes 
in FMRI in the anticipation and experience of pain. Science. 
2004;303:1162-1167.

 61.  Bingel U, Lorenz J, Schoell E, et al. Mechanisms of placebo anal-
gesia: rACC recruitment of a subcortical antinociceptive network. 
Pain. 2006;120(1-2):8-15.

 62.  Watson A, El-Deredy W, Iannetti GD, et al. Placebo conditioning 
and placebo analgesia modulate a common brain network during 
pain anticipation and perception. Pain. 2009;145(1-2):24-30.

 63.  Wager TD, Scott DJ, Zubieta JK. Placebo effects on human mu- 
opioid activity during pain. Proc Natl Acad Sci USA. 2007;104(26): 
11056-11061.

 64.  Eippert F, Bingel U, Schoell ED, et al. Activation of the opioider-
gic descending pain control system underlies placebo analgesia. 
 Neuron. 2009;63(4):533-543.

 65.  Gracely RH, Dubner R, McGrath PA. Narcotic analgesia: fentanyl 
reduces the intensity but not the unpleasantness of painful tooth 
pulp sensations. Science. 1979;203:1261-1263.

 66.  Gracely RH, McGrath PA, Dubner R. Ratio scales of sensory and 
affective verbal pain descriptors. Pain. 1978;5:5-18.

 67.  Gracely RH, McGrath PA, Dubner R. Validity and sensitiv-
ity of  ratio scales of sensory and affective verbal pain descriptors: 
 manipulation of affect by diazepam. Pain. 1978;5:19-29.

 68.  Barsky AJ, Borus JF. Functional somatic syndromes. Ann Intern 
Med. 1999;130(11):910-921.

 69.  Barsky AJ, Saintfort R, Rogers MP, Borus JF. Nonspecific medica-
tion side effects and the nocebo phenomenon. JAMA. 2002;287(5): 
622-627.

 70.  Kaptchuk TJ, Stason WB, Davis RB, et al. Sham device v inert 
pill: randomised controlled trial of two placebo treatments. BMJ. 
2006;332(7538):391-397.

 71.  Myers MG, Cairns JA, Singer J. The consent form as a possible 
cause of side effects. Clin Pharmacol Ther. 1987;42(3):250-253.

 72.  Roscoe JA, Hickok JT, Morrow GR. Patient expectations as predic-
tor of chemotherapy-induced nausea. Ann Behav Med. 2000;22(2): 
121-126.

 73.  Reuter U, Sanchez del Rio M, Carpay JA, et al. Placebo adverse 
events in headache trials: headache as an adverse event of placebo. 
Cephalalgia. 2003;23(7):496-503.

 74.  Jones TF, Craig AS, Hoy D, et al. Mass psychogenic illness attrib-
uted to toxic exposure at a high school. N Engl J Med. 2000;342(2): 
96-100.

 75.  Ko DT, Hebert PR, Krumholz HM. Review: beta-blockers increase 
fatigue and sexual dysfunction but not depression after myocardial 
infarction. ACP J Club. 2003;138(1):30; author reply 30.

 76.  Benedetti F, Amanzio M, Casadio C, et al. Blockade of nocebo hy-
peralgesia by the cholecystokinin antagonist proglumide. Pain. 
1997;71(2):135-140.

 77.  Benedetti F, Amanzio M, Vighetti S, Asteggiano G. The biochemi-
cal and neuroendocrine bases of the hyperalgesic nocebo effect.  
J Neurosci. 2006;26(46):12014-12022.

 78.  Kong J, Gollub RL, Polich G, et al. A functional magnetic resonance 
imaging study on the neural mechanisms of hyperalgesic nocebo 
effect. J Neurosci. 2008;28(49):13354-13362:PMCID: PMC2649754.

 79.  Bingel U, Wanigasekera V, Wiech K, et al. The effect of treatment 
expectation on drug efficacy: imaging the analgesic benefit of the 
opioid remifentanil. Sci Transl Med. 2011;3(70):70ra14.

 80.  Kong J, Kaptchuk TJ, Webb JM, et al. Functional neuroanatomical 
investigation of vision-related acupuncture point specificity – a 
multisession fMRI study. Hum Brain Mapp. 2009;30(1):38-46.

 81.  Kong J, Loggia ML, Zyloney C, et al. Exploring the brain in 
pain: activations, deactivations and their relation. Pain. 2010;148: 
257-267:PMID: 20005043.

 82.  Kong J, White NS, Kwong KK, et al. Using fMRI to dissociate 
 sensory encoding from cognitive evaluation of heat pain intensity. 
Hum Brain Mapp. 2006;27(8):715-721.

 83.  Kong J, Ma L, Gollub RL, et al. A pilot study of functional magnetic 
resonance imaging of the brain during manual and electroacupunc-
ture stimulation of acupuncture point (LI-4 Hegu) in normal sub-
jects reveals differential brain activation between methods. J Altern 
Complement Med. 2002;8(4):411-419.

 84.  Hui KK, Liu J, Makris N, et al. Acupuncture modulates the lim-
bic system and subcortical gray structures of the human brain: 
evidence from fMRI studies in normal subjects. Hum Brain Mapp. 
2000;9:13-25.

 85.  Hui KK, Liu J, Marina O, et al. The integrated response of the hu-
man cerebro-cerebellar and limbic systems to acupuncture stimula-
tion at ST 36 as evidenced by fMRI. Neuroimage. 2005;27(3):479-496.

http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0215
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0220
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0225
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0230
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0235
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0240
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0245
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0250
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0250
http://dx.doi.org/10.1016/j.pain.2012.1012.1004
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0260
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0265
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0270
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0275
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0280
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0285
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0290
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0295
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0300
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0305
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0310
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0315
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0315
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0315
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0320
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0320
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0320
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0325
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0330
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0335
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0335
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0340
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0340
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0340
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0345
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0345
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0350
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0355
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0360
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0360
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0365
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0370
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0375
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0380
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0380
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0380
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0385
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0385
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0385
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0390
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0390
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0390
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0395
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0400
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0405
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0410
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0410
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0410
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0415
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0415
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0415
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0420
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0425
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0430
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0430
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0430


PLACEBO AND PAIN126

 86.  Napadow V, Kettner N, Ryan A, et al. Somatosensory cortical plas-
ticity in carpal tunnel syndrome – a cross-sectional fMRI evalua-
tion. Neuroimage. 2006;31(2):520-530.

 87.  Kong J, Gollub RL, Webb JM, et al. Test-retest study of fMRI sig-
nal change evoked by electroacupuncture stimulation. Neuroimage. 
2007;34(3):1171-1181:PMCID: PMC1994822.

 88.  Pariente J, White P, Frackowiak RS, Lewith G. Expectancy and be-
lief modulate the neuronal substrates of pain treated by acupunc-
ture. Neuroimage. 2005;25(4):1161-1167.

 89.  Zyloney CE, Jensen K, Polich G, et al. Imaging the functional con-
nectivity of the Periaqueductal Gray during genuine and sham 
electroacupuncture treatment. Mol Pain. 2010;6:80.

 90.  Fields H. State-dependent opioid control of pain. Nat Rev Neurosci. 
2004;5(7):565-575.

 91.  Kong J, Tu PC, Zyloney C, Su TP. Intrinsic functional connectivity 
of the periaqueductal gray, a resting fMRI study. Behav Brain Res. 
2010;211(2):215-219.

 92.  Zhao ZQ. Neural mechanism underlying acupuncture analgesia. 
Prog Neurobiol. 2008;85(4):355-375.

 93.  Wey HY, Gollub R, Kong J. The modulation effect of expectancy 
on electro-acupuncture stimulation state:Paper presented at: 18th 
 Annual Meeting of the Organization for Human Brain Mapping; 
2012: Beijing.

 94.  Wiech K, Lin CS, Brodersen KH, et al. Anterior insula integrates 
information about salience into perceptual decisions about pain.  
J Neurosci. 2010;30(48):16324-16331.

 95.  Brody H, Colloca L, Miller FG. The placebo phenomenon: impli-
cations for the ethics of shared decision-making. J Gen Intern Med. 
2012;27(6):739-742.

http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0435
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0440
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0445
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0450
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0455
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0455
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0460
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0465
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0465
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0470
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0475
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0475
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0475
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0480
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0480
http://refhub.elsevier.com/B978-0-12-397928-5.00012-X/ref0480


Placebo and Pain. http://dx.doi.org/10.1016/B978-0-12-397928-5.00013-1 Copyright © 2013 Elsevier Inc. All rights reserved.127

PLACEBO AND NOCEBO IN PAIN 
TREATMENTS: BEHAVIORAL EVIDENCE

The Role of Expectation in Analgesic 
Treatments

It has been a longstanding clinical notion dating 
back to reports from ancient Greek literature (Platon, 
 Charmides) that the individual’s beliefs and expecta-
tions can significantly influence the therapeutic benefit 
and adverse effects of a pharmacologic (or other specific) 
treatment for pain. The recent scientific interest in placebo 
and nocebo phenomena, and their psycho-neurobiologic 
underpinnings, has rekindled awareness of the fact that, 
inevitably, active pharmacologic treatments also include 
interacting physiologic and psychosocial components. 
The crucial influence of expectation on therapeutic out-
come is best illustrated in the so-called open/hidden 
drug paradigm (see Fig. 13.1).1 In this paradigm, iden-
tical concentrations of the same drug are administered 
under two conditions: an open condition, in which the 
patient is aware of the time-point at which the medica-
tion is administered by a health-care provider—and of 
the intended treatment outcome (e.g. analgesia)—and a 
hidden condition, in which the patient is unaware of the 
medication being administered by a computer-controlled 
infusion. The comparison of both conditions allows for 
the dissociation of the genuine pharmacodynamic effect 
of the treatment (hidden treatment) and the additional 
benefit of the psychosocial context in which the treat-
ment is provided. The difference in outcome following 
the administration of the expected and unexpected ther-
apy can be seen as the ‘placebo’ (psychologic) compo-
nent, even though no placebo is given. Studies based on 
an open/hidden paradigm have revealed that psychoso-
cial factors, such as the awareness of a drug being given, 

can considerably enhance its analgesic effect.2 Con-
versely, the hidden administration attenuates the anal-
gesic effect of nonsteroidal anti-inflammatory drugs to 
non-significance, and even the effects of opioids are sub-
stantially reduced by hidden application.3 As a result of 
a hidden application, the drug dosage had to be doubled 
to achieve the same result as during open application.

Intriguingly, this phenomenon is not limited to anal-
gesics, as similar effects have also been reported for 
pharmacotherapy in other clinical conditions, such as 
Parkinson’s disease and anxiety disorder, or drug addic-
tion.1,4,5 Findings from these studies using the open/ 
hidden drug paradigm are supported by studies that 
have explicitly modulated the expectancy regarding a 
given drug by verbal instruction.6–8

Results from these studies using open/hidden drug 
paradigms are complemented by observations from 
clinical trials showing that the efficacy of an analgesic 
treatment under test differs considerably depending on 
the trial type and randomization scheme used in the 
study, as these clearly influence the patients’ expecta-
tion of actually receiving an analgesic drug and subse-
quent pain relief. For instance, the analgesic effect of 
paracetamol is almost twice as high in so-called com-
parator trials, i.e. randomized controlled trials (RCTs) 
that test paracetamol against another analgesic, such 
as naproxen,9,10 compared to trials, where the same 
dosage of paracetamol is compared against placebo. 
The critical difference between these two types of trial 
is that, in the comparator trial, the patient has a 100% 
probability (and subsequent expectation) of receiving 
an analgesic, but only 50% when paracetamol is com-
pared to placebo. It is worth noting that substantial 
effects of expectation on the analgesic effect can also be 
observed in non-pharmacologic therapies for pain, such 
as acupuncture.11
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While the above examples highlight the impact of pos-
itive expectations on analgesic outcome, the detrimental 
influence of negative expectations on drug response has, 
for instance, been demonstrated in a behavioral experi-
mental study by Dworkin and colleagues who reported 
a reversal of analgesia by nitrous oxide in dental pain 
when participants expected the drug to increase aware-
ness of bodily sensations.12

Two additional studies underline the power of nega-
tive expectations regarding the ‘side effects’ of treat-
ments or diagnostic procedures. In an early study by 
Daniels et al, patients undergoing lumbar puncture 
were randomly assigned to two groups. One group 
was not informed about the potential incidence of post- 
puncture headache, the other group was informed about 
this potential side effect. Post-puncture headache was 
assessed at 4 and 24 hours after the lumbar puncture. 
Intriguingly, about 50% (7/15) of the informed group, 
but less than 10% of the non-informed group developed 
a headache after the procedure.13 A similar observation 
has been reported by Varelmann and colleagues who 
studied how the wording of information about potential 

side effects of a local anaesthetic affects the treatment 
 tolerance. One hundred and forty healthy women at term  
gestation requesting neuraxial analgesia were random-
ized into a positive-information group (‘We are going to 
give you a local anesthetic that will numb the area and 
you will be comfortable during the procedure’) or into 
a group that was provided with the standard form of 
information often used in the clinical setting (‘You are 
going to feel a big bee sting; this is the worst part of the 
procedure’). Pain was assessed immediately after the 
injection of the local anaesthetic using verbal analogue 
scale scores of 0 to 10. The reported pain scores were sig-
nificantly lower in the positive-information group.

The crucial contribution of negative expectations 
on the development of unwanted effects during pain 
treatments is further supported by data from clinical 
 trials. Several recent meta-analyses have investigated 
the frequency, severity and quality of unwanted side 
effects that occurred in the placebo arm of randomized 
 placebo-controlled trials of pharmacologic treatments 
for different chronic pain conditions. Papadopoulos and  
Mitsikostas for instance, who looked at neuropathic 

FIGURE 13.1 Open–hidden drug paradigms. The pivotal role of expectation in mediating placebo responses is best illustrated by the so-called 
‘open–hidden’ drug paradigm. In this paradigm, identical concentrations of active drugs are administered by a doctor in a visible way (open con-
dition) or in a hidden condition, in which the patient is unaware of the timing of the medication administration (e.g. using a computer-controlled 
infusion). This permits dissociation of the pure pharmacodynamic effect of the treatment (hidden treatment) from the additional benefit of the 
psychologic context that comes from knowing that treatment is being administered. The difference between the outcomes following the admin-
istration of the expected and unexpected therapy can be seen as the ‘placebo’ or psychologic component, even though no placebo treatment has 
been used.
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pain trials, report an alarming rate of side effects under 
placebo (nocebo effects) that affected about 50% of the 
patients14; 6% of the patients who had been assigned to 
the placebo arm even dropped out of the study due to 
intolerable ‘drug’-related side effects. A meta regression 
analysis on study-related and patient-related variables 
revealed a higher frequency of nocebo responses in male 
patients. The relevance of verbal instruction and other 
information given to the patient is illustrated by the fact 
that these side effects in the placebo arm reflect typical 
side-effect patterns expected in the drug group. Placebo 
groups of tricyclic antidepressant trials, for instance, 
show higher rates of adverse events compared with 
placebo groups of trials testing selective serotonin reup-
take inhibitors.15 These analyses highlight the fact that 
the patients’ individual beliefs and negative expecta-
tions regarding a drug’s effect (nocebo effects) substan-
tially contribute to the development of side effects that 
adversely affect adherence and efficacy, and at worst, 
lead to discontinuation of treatment. Alarmingly, experi-
mental approaches support the notion that such nocebo 
responses are easier to induce than placebo responses. 
Colloca and co-workers found that negative condition-
ing and verbal suggestions induce equally significant 
nocebo hyperalgesic responses, whereas in the case of 
placebo analgesia, conditioning elicits larger reductions 
in pain than do verbal suggestions alone.16 These find-
ings suggest that nocebo responses may be elicited faster 
than placebo responses to protect the body from danger-
ous and negative outcomes.

In sum, behavioral studies have convincingly shown 
that the effect of drug treatment is determined not only 
by the pharmacologic profile of the drug. Rather, the 
individual’s expectation substantially modulates the 
overall efficacy and tolerability of drugs and other spe-
cific pain treatments as well as the quality and severity 
of side effects associated with the treatment.

The Role of Conditioning and Prior Experience 
in Analgesic Treatments

As outlined in the chapter by Colloca in this book, 
conditioning is another key mechanism underlying 
placebo and nocebo responses. Several studies have 
investigated placebo effects by reinforcing expectations 
through a placebo manipulation in which the inert 
treatment is paired with lowered pain stimuli so that 
patients come to experience and expect pain relief.16–18 
This procedure typically evokes much stronger and 
more stable placebo analgesic effects compared to verbal 
suggestion alone and is therefore often used in experi-
mental paradigms of placebo analgesia. It is important 
to emphasize that any pharmacologic (or other specific) 
treatment for pain can induce conditioned responses 
that may then modulate future responses to the same 
treatment.

In pharmacologic conditioning (see Fig. 13.2), after 
repeated associations between a neutral  stimulus (e.g. 
a syringe/infusion/capsule containing an inert sub-
stance) and an active drug (unconditioned stimulus), 
the neutral stimulus may become able, by itself, to elicit 
a response characteristic of the unconditioned stimu-
lus. Intriguingly, pharmacologic conditioning has been 
shown to produce placebo responses largely indepen-
dent of verbal suggestion or expectation, both in animals 
and humans.

For instance, healthy volunteers who have repeat-
edly received an opioid infusion during an ischemic arm 
pain model will also develop analgesia when receiving 
a saline infusion that is explicitly given as a control con-
dition.19 Remarkably, the neurobiology underlying the 
conditioned response seems to vary depending on the 
specific substance used for conditioning. When mor-
phine was used for pharmacologic conditioning, the 
conditioned analgesic response can be blocked by the 
administration of the opioid-antagonist naloxone, indi-
cating the involvement of the endogenous opioid system 
in the conditioned response. In contrast, when analgesia 
is conditioned using the nonopioid ketorolac, the con-
ditioned analgesic response is not blocked by naloxone. 
According to recent evidence, conditioned analgesia 
after exposure to the nonopioid ketorolac involves the 
endogenous cannabinoid systems, as the CB1 canna-
binoid receptor antagonist rimonabant can block these 
responses.20

These phenomena are not restricted to conditioned 
placebo analgesia, as similar pharmacologic condition-
ing effects have also been observed in the motor, hor-
mone and immune systems.21 Particularly fascinating 
are conditioned responses in the immune system which 
does not underlie voluntary control. Repeated pair-
ing of the immunosuppressive drug cyclosporin A (US, 
unconditioned stimulus), which inhibits both IL-2 and 
IFN-γ, with strawberry milk (CS, conditioned stimulus) 
induces conditioned responses in which the strawberry 
milk alone (without cyclosporin A) is capable of inhibit-
ing both IL-2 and IFN-γ.22

Taken together, these behavioral observations high-
light the crucial relevance of psychosocial effects such as 
expectancy induced by verbal suggestion, prior experi-
ence, or a combination of both, to drug efficacy.

UNDERSTANDING THE NEURAL 
MECHANISMS UNDERLYING THE 
EFFECTS OF EXPECTATION AND 
LEARNING ON DRUG EFFICACY

Given that functional neuroimaging has successfully 
been used to characterize pain processing, the modula-
tion of pain by cognitive factors, and analgesia, the same 
techniques should be capable of unravelling the neural 
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and neurochemical mechanisms by which expectations 
modulate pharmacologically induced analgesia.

In a first study addressing this issue, we recently 
investigated the effect of expectancy modulation of opi-
oid analgesia using fMRI.23 In this study, the potent opi-
oid analgesic remifentanil was administered to healthy 
volunteers under three conditions: without expectation 
of analgesia (hidden application), with expectancy of a 
positive analgesic effect, and with negative expectancy of 

analgesia, i.e. expectation of hyperalgesia. Importantly, 
fMRI was used to study the efficacy of the opioid (i.e. to 
exclude a report bias) and to elucidate the underlying 
neural mechanisms. Our results showed that positive 
treatment expectancies doubled the analgesic benefit 
of remifentanil (Fig. 13.3). Negative treatment expecta-
tion interfered with the analgesic potential of remifent-
anil to the extent that its analgesic effect was completely 
abolished.

FIGURE 13.2 Pharmacologic conditioning. In the context of behavioral conditioning (B), the unconditioned stimulus (e.g. a pharmacologic 
agent) is inducing a response in the CNS (unconditioned response/UR); a neutral stimulus (e.g. environmental stimuli, an inert substance) is 
 inducing no such response. During the acquisition phase, the neutral stimulus is paired with the unconditioned stimulus (US). After one or several 
pairings of the neutral stimulus with the US, the neutral stimulus becomes the conditioned stimulus (CS). During evocation, the CS is now able to 
mimic the effects formally induced by the US. This figure is reproduced in color in the color section.
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The first part of our study, showing that psychoso-
cial factors, such as awareness of a drug being given, 
can considerably enhance the overall clinical response 
to a drug,1 confirmed previous behavioral observations 
that used hidden versus open application of analge-
sics. Importantly, the fMRI data obtained in this study 
allowed for demonstrating that the expectancy-related 
changes in pain perception were paralleled by significant 

alterations in the neural response to noxious thermal 
stimulation in core brain regions of the pain- and opioid- 
sensitive brain networks, such as the thalamus, mid-
cingulate cortex and primary somatosensory cortex (SI). 
Activity in these brain areas has consistently been shown 
to scale with the intensity of nociceptive input and resul-
tant pain perception,24,25 and may therefore serve as an 
objective index of analgesic efficacy. This study therefore 

FIGURE 13.3 Influence of expectations on opioid-induced analgesia. The opioid remifentanil led to a significant reduction of pain when  
participants were not aware of the time-point of drug application, reflecting the pharmacologic effect with no expectations (top row). The 
 analgesic effect was, however, doubled when participants were informed about application onset and expected a reduction of pain (middle row).  
Conversely, the drug effect was completely abolished in the condition where participants expected the drug to exacerbate pain (bottom row). 
(See Bingel et al23 for details.) DLPFC, dorsolateral prefrontal cortex; rACC, rostral anterior cingulate cortex; PAG, periaqueductal gray; HC, 
 hippocampus. This figure is reproduced in color in the color section.
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provided strong evidence that context-related differ-
ences in reported analgesia, as observed here and in pre-
vious studies, are not the result of report bias.

With respect to underlying mechanisms, we found 
that the individual benefit from positive treatment 
expectancy during remifentanil analgesia was associ-
ated with activity in the descending pain modulatory 
system, including cingulo-frontal and subcortical brain 
areas that are known to contribute to both opioid and 
placebo analgesia.

In contrast, negative expectancy that abolished 
the analgesic effect of the opioid was associated with 
reduced activity in the subgenual anterior cingulate cor-
tex (sgACC). This response pattern suggests that both 
positive and negative expectancy use a key component 
of the descending pain modulatory control system, but 
in opposite ways. Furthermore, we found that negative 
expectancy was selectively associated with increased 
activity in the hippocampus and medial prefrontal cor-
tex. These brain areas have previously been implicated in 
the exacerbation of pain by mood and anxiety in patients 
as well as in healthy controls.26,27 Interestingly, activity 
in medial frontal areas and hippocampus has also been 
observed in a recent study on the nocebo hyperalgesic 
effects during sham acupuncture.28 While the contribu-
tion of the descending pain modulatory system to vari-
ous types of pain modulation is well characterized, the 
role of the hippocampus to negative expectations on 
both pain and treatment outcome requires further atten-
tion. Negative treatment expectancy in our study pro-
duced a significant increase in anxiety. This is in line 
with the existing evidence that anxiety represents a pow-
erful modulator in nocebo hyperalgesia,29 most likely 
via activation of the endogenous cholecystokinin (CCK) 
system.30 The CCK peptide is a known pronociceptive, 
anxiogenic neurotransmitter that has been found in 
some of the key structures of the descending pain modu-
latory system, including the PAG.31

These first experimental data on the expectancy 
modulation of opioid analgesia substantiate the sig-
nificant contribution of cognitive factors to the overall 
benefit from pharmacologic treatments. Even though 
the applied neuroimaging technique used in this study 
does not allow for detecting interactions at the receptor 
level, these data demonstrate that pharmacologic and 
psychologic factors, such as an individual’s expectation, 
ultimately converge at the neuronal level and can sub-
stantially improve or abolish the net-analgesic effect of a 
potent analgesic. Similar interactions between pharma-
codynamic and psychologic effects on regulatory brain 
mechanisms have been reported for the administra-
tion of methylphenidate in cocaine-addicted patients.5 
Together with evidence from experimental placebo and 
nocebo studies, these observations indicate that the 
effects of expectancy and conditioning converge with 

pharmacologic effects at the very same biologic sys-
tems, involving distinct CNS and peripheral physiologic 
mechanisms.

Implications for Clinical Practice

The improved understanding of the psychology and 
neurobiology underlying placebo and nocebo effects 
and their substantial contribution to the efficacy and tol-
erability of pharmacologic treatments has far-reaching 
implications for future research and clinical practice. 
However, to date, the potential of placebo mechanisms 
is far from being systematically exploited in daily clini-
cal care.

From a clinical perspective, maximum drug efficacy 
is desirable, irrespective of whether the improvements 
are based on specific pharmacologic effects, on placebo 
mechanisms, or on a combination of both. Accord-
ingly, while placebo responses should be controlled and 
reduced to improve assay sensitivity in clinical trials,32  
in the clinical setting the mechanisms underlying  
placebo responses (i.e. treatment outcome expectation, 
conditioning/learning processes, physician–patient rela-
tionship) should be systematically exploited to maxi-
mize treatment benefits.

MODULATING EXPECTATIONS TO 
OPTIMIZE ANALGESIC OUTCOME

Treatment expectations are shaped by various factors, 
including prior experiences with physicians and treat-
ments. Particularly in patients with chronic  diseases, 
treatments often fail repeatedly. Frustration inevita-
bly mounts and may result in negative expectancies 
for future treatments. Furthermore, the negative mood 
states that occur in patients with chronic disease33 may 
themselves generate negative treatment expectations 
and increased anxiety. In these situations, drugs with 
biologically plausible intrinsic actions compete with the 
negative treatment expectancies of the patient. Because 
both processes activate similar target brain regions, 
 negative expectations can modulate, or in the worst 
case, completely abolish, the drug effects and clinical 
outcome.23 The underestimation of the influence that 
psychologic states have on the pharmacodynamics of 
a drug might therefore, inadvertently, contribute to the 
frequent failure of clinical translation of drugs that show 
target engagement in preclinical studies, especially when 
drugs are developed for the treatment of chronic illness.

Patients’ outcome expectations are malleable and can 
be systematically altered by instruction. This has been 
demonstrated after myocardial infarction where the 
modification of expectations resulted in improved func-
tion, earlier return to work, and improved quality of 
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life.34 However, more research is needed to investigate 
how expectations can be assessed and modified in the 
context of complex medical settings. Promising tools 
are brief psychologic interventions that can be used by 
doctors and nurses under daily routine conditions to 
optimize patients’ expectations. Because inadequate and 
overly optimistic expectations might be as detrimen-
tal as negative expectations, the modification of out-
come expectations should be adjusted to the individual 
patient’s expectation. Patients with inadequate expec-
tations (overly negative or over-optimistic cognitions) 
could undergo re-attribution training to more positive 
and realistic expectations. In addition, adequate expecta-
tions should be consolidated by strengthening the cogni-
tive and emotional impact of positive treatment results. 
Influencing beliefs about outcome by the careful use 
of language and, importantly, provision of appropriate 
information regarding the expected drug effect, should 
be considered as an important feature of any pharma-
cologic treatment. Indeed, this is already done by some 
physicians. However, the observation that in the United 
States, 50% of patients leave after an office visit without 
an adequate understanding of what the physician has 
told them,35 highlights a need to improve this element 
of the patient–physician interaction if we are to improve 
treatment outcomes.

It is worth noting that many variables can determine 
whether expectation interventions are useful. Accord-
ingly, psychologic, physiologic, and medical predictors 
for successful expectation interventions must be defined 
and evaluated for adequate patients’ selection (see also 
‘interindividual differences,’ below). Further medical 
setting variables and information provided through leaf-
lets, consent forms, etc. should be optimized to support 
the development of positive outcome expectations.

EXPLOITING LEARNING MECHANISMS 
TO OPTIMIZE ANALGESIC OUTCOME

Classical (Pavlovian) conditioning of drug responses 
is another promising tool to improve treatment outcome 
(for a review see Doering and Rief 36). However, drug 
intake is rarely analyzed under the perspective of asso-
ciative learning processes. Experimental studies have 
shown that learned placebo responses can be used to 
induce analgesia.19,20 Reframing continuous drug intake 
as a learning process opens a new avenue for treatment 
optimization with the aim of reducing drug dosage, 
unwanted side effects and treatment costs while maxi-
mizing treatment efficacy. New application strategies 
have been suggested that comprise a learning phase, in 
which the active drug is administered, and the subse-
quent maintenance phase, in which a placebo is intermit-
tently applied.32,36–38 Using this ‘partial reinforcement’ 

scheme, drug efficacy can be maintained with a reduced 
drug dosage. The feasibility of such an approach has 
not yet been shown for pain, but the ‘proof of principle’ 
has been demonstrated in psoriasis treated with corti-
costeroids,39 in attention deficit hyperactivity disorder 
(ADHD),40 the suppression of cough41 and other clini-
cal conditions. Although these studies showed positive 
short-term effects, the potential for reducing negative 
consequences of long-term drug applications requires 
further investigation.

The expectation-related and conditioning-based 
approaches should be combined with approaches to opti-
mize physician–patient interactions, as characteristics of 
the physician–patient relationship have been shown to 
predict outcome in various medical conditions, includ-
ing pain.42 For irritable bowel syndrome, for instance, 
switching from a brief, technical interaction style to an 
empathic, emotionally warm interactive style has been 
shown to increase the efficacy of a (placebo) interven-
tion from 42% to 82%.43 (For further details regarding 
the practical implications of these lines of research on the 
treatment of chronic pain patients see also Ch 26.)

Implications for Clinical Trial Designs

Our current understanding of the role of psychosocial 
components in relation to drug efficacy and tolerability 
also require reconsidering the design of clinical trials. 
The question is not only whether a drug shows superior 
efficacy over an inert placebo pill, but also what are the 
optimal contextual conditions that maximize the analge-
sic effect and minimize side effects of pain medications 
by integrating the effects of expectation, learning and 
active pharmacologic treatment in a real-life scenario? 
New trial designs could be developed that explore the 
disease and drug-specific treatment context that opti-
mally enhances the overall treatment outcome after the 
general efficacy of a drug has been demonstrated in 
comparison to placebo using conventional RCTs. Such 
optimized, enriched clinical trial arms may provide a 
better estimate for the potential of a drug under optimal 
clinical context conditions.32,44

FUTURE AIMS AND CHALLENGES

Additive vs. Interactive Effects?

One of the crucial yet unanswered questions is 
whether placebo responses and pharmacologically 
induced analgesia combine in an additive or interactive 
manner. Depending on the specific pharmacologic agent, 
pharmacologically induced analgesia and the distinct 
endogenous cascades triggered by placebo mechanisms 
may combine in an additive manner for one substance 
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such as opioids,45 but in an interactive fashion in another 
substance (Fig. 13.4).

Future studies involving different methodologies 
and designs should aim at unraveling the effects of 
expectations and learning on drug action at a receptor/
molecular level, and determine whether the effects of 
expectation and drug effect combine in an additive or 
interactive manner. Furthermore, if expectations have 
the potential to substantially modify drug effects, the 
interface between drug effects and cognitive effects is 
a promising target for future pharmacologic develop-
ments. However, in order to allow for the development 
of specific drugs, a more detailed understanding of the 
downstream neurobiologic cascades is required. Molec-
ular imaging approaches, such as positron emission 
tomography (PET), with distinct pain- and analgesia-
related ligands (e.g. of the opioid, cannabinoid or gab-
aergic system) in combination with MRI (PET-MR), or 
MR-spectroscopy, may help to unravel these effects.

Predictors for Placebo and Nocebo Effects and 
Their Impact on Analgesic Treatments

Both the susceptibility to analgesic drugs and to  
placebo/nocebo mechanisms varies considerably between 
individuals. It therefore seems reasonable to also assume 
substantial inter-individual differences for their com-
bined (or interactive) effect. To date, specific factors that 
contribute to this variability have not been identified. 
However, insights from pharmacology and cognitive 
neuroscience predict that genetics, disease-specific fac-
tors and the personality of the individual are impor-
tant influential variables that shape the individual 
response. This is, for example, illustrated in an open/
hidden study of local anesthesia in patients suffering 
from Alzheimer’s disease.46 In this patient group the 
loss of placebo-related neurobiologic functions reduced 
overall treatment efficacy of the local anesthetic, with 
dose increases necessary to achieve adequate analgesia. 
Specifically, those Alzheimer patients who displayed 
reduced connectivity of the prefrontal lobes, which are 
crucially involved in the initiation of placebo analgesia, 

experienced less additional pain relief from an open 
compared with a hidden application of lidocaine. This 
study demonstrates that the individual contribution of 
placebo mechanisms to therapeutic outcome is critically 
determined by the neurobiologic make-up of an indi-
vidual, and underscores the necessity to adjust drug 
treatment approaches depending on the individual pre-
disposition for placebo responses.

Other pathologic or normal variations in brain func-
tion or structure are likely to modulate the influence 
of placebo/nocebo mechanisms on pharmacologically 
induced analgesia in similar ways. Evidence from dif-
fusion tensor imaging, for instance, shows that—also in 
healthy human volunteers—individual brain anatomy 
predicts the individual capacity to develop placebo anal-
gesia.47 The search for predictor variables in placebo 
responses and their influence on pharmacologic analge-
sia is still at a very early stage. Many of the available 
studies included only small sample sizes, which might 
explain the often inconclusive results.48 Thus, future 
large-scale experimental and clinical studies have to 
address this important issue of biologic and psychologic 
predictors of placebo responsiveness that will be a major 
research challenge in the next decade.

CONCLUSION

Experimental and clinical evidence demonstrates that 
placebo and nocebo mechanisms substantially affect 
the efficacy and tolerability of analgesic treatments. 
The systematic exploitation of expectancy and learning 
mechanisms promises to fundamentally improve anal-
gesic treatments in daily clinical routine. Understanding 
the neurobiology of placebo and nocebo modulations 
of analgesic drug efficacy represents a new and prom-
ising avenue of research. Instead of studying the effect 
of one of them in isolation by controlling for the other, 
it is time to unravel how both mechanisms combine 
at the neural and physiologic level. A more detailed  
neurobiologic understanding of their potential interac-
tion promises to ultimately optimize treatment outcome 

FIGURE 13.4 Additive versus interactive drug effects. Depending on the drug, pharmacologically induced mechanisms and cognition  
(e.g. expectation) may combine in an additive manner for one substance (left), but in an interactive fashion in another substance (right).
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and push forward the development of personalized 
treatment strategies.
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INTRODUCTION

Current research has pointed to very different 
 neurobiologic pathways serving to mediate the forma-
tion of placebo responses depending on the medical 
 condition of subjects and the outcomes investigated. 
There are relatively few comprehensive theories about 
how beliefs and psychosocial messages are decoded 
to form a placebo response.1,2 The most extensively 
accepted theories are expectation and conditioning, 
involving both conscious and unconscious information 
processing. The question remains: how can this conflu-
ence of theories and diverse views with regard to the 
placebo response on a neurobiologic level, enable pain 
analgesia in patients?3 Moreover, can we exploit the 
placebo phenomenon in a safe and controlled manner? 
Delving into these questions naturally requires a thor-
ough understanding of the formation of behavioral and 
biologic placebo changes as a coherent phenomenon 
while taking into account important implications for 
laboratory research and medical care. In addition, there 
are still many unknowns when it comes to dealing with 
placebo analgesia, even if recent human and nonhuman 
research has impressively increased our knowledge of 
neurobiologic mechanisms underlying placebo effects in 
different medical conditions and physiologic processes.

This chapter orchestrates common themes in the 
 placebo literature with the aim of articulating a unified 
account of the phenomenon through a learning per-
spective within the context of pain analgesia. The core 
of this chapter focuses on behavioral and neurobiologic 
 evidence of placebo (and nocebo) responses formed by 
processing verbal instructions, conditioning and social 

cues (observation and interactions). Verbal, condition-
ing, and social cues are decoded and processed by the 
brain, creating dynamic expectations that, in turn, 
shape pain perception. We present a general account of 
the concept of expectations as central to the formation 
of placebo responses, and develop speculations relat-
ing to the evolution of placebo responses. We suggest 
interpreting, critiquing and formally modeling the exist-
ing experimental and clinical research on placebo (and 
nocebo) effects in terms of expectations formed through 
different kinds of learning. This approach is promising 
for future laboratory investigation and translational 
patient-oriented placebo research within the domain of 
pain analgesia.

INSTRUCTIONAL LEARNING

Numerous studies have explored the role of verbal 
suggestions in eliciting placebo responses, as well as 
examining the impact of the various associated cognitive 
and emotional elements involved. Although the contri-
butions of verbal suggestions and conditioning are often 
intertwined, it is important to acknowledge the distinc-
tion between these two forms of process with regard to 
top-down modulation of pain and placebo responses. In 
this section, the focus is on research examples that have 
demonstrated a placebo response by suggestions of a 
benefit from treatment via persuasive verbal communi-
cation. The converse is also inherently possible, that is, a 
verbal suggestion of harm invoking a nocebo response.

Henry Knowles Beecher, the father of randomized 
controlled trials (RCTs), was able to demonstrate the 
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profound ability of placebos to relieve pain. Beecher, fac-
ing a depleted morphine supply, surreptitiously gave 
saline as a substitute to morphine to wounded soldiers. 
Remarkably, soldiers who were administered saline 
responded in a similar fashion to those soldiers who 
were given morphine. This extraordinary consequence 
is one of the first concrete examples of using top-down 
modulation of pain such as verbal suggestions invoking 
a powerful placebo response in pain analgesia.

Similar results have been observed in modern  clinical 
settings of postoperative pain4 as well as visceral and 
somatic pain.5,6 In the former, thoracotomized patients 
were treated with buprenorphine on request for three 
consecutive days, together with a basal intravenous infu-
sion of saline solution while three different sets of verbal 
instructions were given to the patients. The first group 
was told nothing about the analgesic effect (natural his-
tory). The second group was told that the basal infusion 
was either a powerful painkiller or a placebo accord-
ing to a double-blind paradigm. The third group was 
informed that the basal infusion was a potent painkiller 
(full-deceptive administration). The placebo response 
was measured by recording the doses of buprenorphine 
requested over the 3-day treatment. Buprenorphine 
requests decreased in the double-blind group by 20.8% 
compared with the natural history group, and by 33.8% 
in the deceptive administration group.4 There are a 
couple of immediate implications of this research study. 
First, once more there is distinct evidence of verbal sug-
gestions contributing to an analgesic effect. Second, there 
is a clinically significant reduction of buprenorphine in 
the third group as compared to the second group, thus 
revealing a dramatic variation in analgesia as a conse-
quence of differences in instructions communicated to 
patients. With regard to visceral pain, patients with irri-
table bowel syndrome (IBS) exposed to painful rectal 
balloon distension under no treatment, rectal placebo, 
or rectal lidocaine conditions showed a higher analgesia 
when the active rectal lidocaine was administrated along 
with the information that they were given an agent which 
is known to significantly reduce pain in some patients as 
compared to the patients who were informed that they 
may receive either an active pain-reducing medication 
or an inert placebo agent.5,6

The conclusions drawn from these studies are not 
in isolation. Indeed, early experimental studies of Wolf 
indicate that placebo effects could mimic, mask, enhance 
or prevent beneficial responses to active drugs.7 Ear-
lier studies by Luparello and co-workers8,9 indicated 
significant increases in airway resistance in nearly half 
the asthmatic patients under investigation when they 
inhaled a nebulized saline solution along with the infor-
mation that it was an allergen with irritant properties.5,6  
The same patients were able to reverse airway obstruc-
tion by inhaling the identical substance presented as a 

medicine with beneficial effects on asthma.8 Similarly, 
the effects of the bronchoconstrictor carbachol, when 
administered along with the information that this drug 
is a bronchoconstrictor, were higher than when subjects 
were told that the drug was a bronchodilator.9 Since the 
results of these experiments were published, additional 
systematic experimental evidence has supported the 
intuition that verbally induced expectations can mark-
edly influence the response to drugs and other interven-
tions. Coupled with this research is the observation that 
different sets of verbal instructions result in the modula-
tion (enhancement or reversal, or both) of a variety of 
clinical outcomes and specific perceptions. In another 
study, verbal suggestions produced different outcomes 
in healthy subjects randomized to receive decaffeinated 
coffee under two different verbal descriptions: group 1, 
in which participants were told that they would receive 
either regular or decaffeinated coffee according to a 
 double-blind design; and group 2, in which decaffein-
ated coffee was presented as regular coffee. Placebo 
responses were higher in group 2 compared to group 1, 
suggesting a difference in expectation.10

The results derived from research on placebo effects 
naturally extend to the nocebo. To this end, research on 
the nocebo has indicated that communication and ver-
bally induced expectations can also produce negative 
responses, termed nocebo effects.11,12 Negative informa-
tion given verbally once can induce nocebo responses as 
strong as those induced by direct experience of negative 
outcomes.13,14 After informing healthy subjects about 
the hyperalgesic effect of a treatment, the subjects per-
ceived pain with both low and high non-painful tactile 
stimuli associated with a green light along with negative 
verbal suggestion, with or without pre- conditioning. 
Nocebos produced allodynic effects, whereby non-
painful  tactile stimuli become painful. In addition, 
low-intensity painful stimuli were perceived as high-
intensity stimuli after negative verbal suggestion, with 
or without pre- conditioning, indicating that nocebos can 
also induce hyperalgesic effects, whereby low-intensity 
painful stimuli are perceived as high-intensity stimuli  
(Fig. 14.1).13 These results have important implications 
for daily practice. For a more comprehensive overview, 
see some related chapters in this book.15–17 Since nega-
tive verbal suggestions are powerful in eliciting a nocebo 
response, it follows that nocebos (aversive responses) 
exist in the organism to enhance perceptual process-
ing which, in turn, helps initiate potentially defensive 
behavioral reactions.

In line with these findings, Rodriguez-Raecke et al 
performed experiments wherein contextual information 
was given once at the beginning of the investigation, 
indicating that repeated painful stimulations over sev-
eral days will increase pain sensation from day to day. 
The researchers discovered that this procedure elicited 
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an immediate hyperalgesic effect in healthy subjects 
and interfered with the long-term natural course of pain 
habituation over 8- and 90-day periods at the level of the 
brain opercular region.14 At the neurochemistry level, 
verbal suggestions of hyperalgesia trigger the activation 
of cholecystokinin pathways18 with a possible involve-
ment of dopaminergic and opioidergic systems as well.19

Collectively, these research results provide valuable 
evidence of the effectiveness of verbal suggestions in 
promoting placebo and nocebo responses in the context 
of pain. In the following section, the impact of condition-
ing on placebo and nocebo responses is explored.

ASSOCIATIVE LEARNING

Pavlov’s famous experiments demonstrated that 
dogs would salivate (conditioned response, CR) in 
response to a bell (conditioned stimulus, CS) that had 
previously been paired with the administration of food 
(unconditioned stimulus, US).20 The formation of these 
conditioned responses in the dogs suggests that these 
dogs learned that the ringing bell implied food, hence 
the  salivary reaction upon hearing the bell. An obvious 
question is whether these results could be extended to 
patients in a clinical setting, especially as a means of 
augmenting pain analgesia? Extending the classic condi-
tioning concept in the clinical sphere translates into the 
intuition that visual, tactile, and gustatory stimuli associ-
ated with the ingestion of a medication can become CSs 
through their repeated association with the delivery of 

a US in the form of active medication. Moreover, place-
bos given along with the presentation of CSs and subse-
quently without the USs could potentially elicit CRs that 
are similar to the response to medication. Thus, classic 
conditioning has been the prevalent paradigm to explain 
the genesis of (unconscious) placebo responses by learn-
ing mechanisms. The initial support for a classic condi-
tioning interpretation of the placebo effect arises from 
some studies in animals.21,22 Herrnstein demonstrated 
after 14 pairings of scopolamine with sweetened milk, 
that the presentation of the pure sweetened milk alone 
(CS) caused scopolamine-like alteration of behavior 
(depression of rates of a lever-pressing task). Ader and 
Cohen found that pairing a novel saccharine-flavored 
solution with the immunosuppressant cyclophospha-
mide induced immunosuppression in rats presented 
with saccharine solution alone. Rats that received two 
doses of cyclophosphamide during the conditioning 
phase showed greater conditioned immunosuppression 
than those given one dose;21 hence, the stronger the US, 
the more robust the CR is. Evidence of conditioned pla-
cebo responses in the immune system has been exten-
sively documented in human models with promising 
clinical implications.23,24 More recently, Guo et al. inves-
tigated the effect of prior pharmacologic opioid and non-
opioid exposure in mice by using a model of a hot-plate 
test.25 Conditioned cues were paired with either opioid 
agonist morphine hydrochloride or nonopioid aspirin. 
Placebo analgesic responses evoked by morphine-based 
pharmacologic conditioning were completely antago-
nized by naloxone. By contrast, after aspirin conditioning 

FIGURE 14.1 Informing healthy subjects about the hyperalgesic effect of a treatment led to the perception of both low- and high-tactile 
stimuli as painful. Also, low-painful stimuli were perceived as higher intensity painful stimuli. Similar effects were observed after a conditioning 
procedure, thus indicating that, in the presence of a stressor, expectations derived from verbal suggestions produced effects comparable to those 
induced by direct prior experience. Data from Colloca et al.13
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the placebo responses were not blocked by naloxone.25 
Therefore, the responses evoked were either naloxone-
reversible or naloxone-insensitive, depending on previ-
ous drug exposure, confirming parallel early results in 
humans.26 Some more recent human studies adopting a 
pharmacologic conditioning with drugs such as immu-
nosuppressor cyclosporin A,27,28 dopamine-agonist apo-
morphine,29 benzodiazepine receptor agonist midazolan 
and antagonist flumazenil,30 found that the conditioned 
placebo responses mimic drug effects, supporting the 
notion that such placebo responses depend on the kind 
of drug exposure that is originally performed.31 Based 
on these and similar research studies, it is not sur-
prising then that the analysis of the placebo effect in 
terms of learning has for the most part been discussed 
with respect to classic conditioning and unconscious 
processes.22,23,32–35

In systems such as the immune and endocrine systems, 
which are not accessible consciously, and do not differ, 
other than in degree of complexity, from those in non-
human animals, classic conditioning plays a crucial role 
in eliciting a placebo response. For example, Benedetti  
et al observed that the pharmacologic exposure to a 
serotonin agonist of 5-HT1B/1D receptors, stimulating 
growth hormone (GH) and inhibiting cortisol secretion 
in humans, produced similar responses when the drug 
was replaced by a placebo treatment. Furthermore, these 
responses were not influenced by verbal instructions,36 
thus providing evidence of a demarcation between 
 verbal suggestions and conditioning.

It is worth mentioning that the traditional concept of 
conditioning based on the acquired ability of one stimu-
lus (CS) to evoke the original response by means of pair-
ing with the US may only partially explain conditioned 
response in humans. Rescorla described conditioning as 
the learning of relations among events so as to allow the 
organism to represent its environment.37 According to 
this definition, pairing and contiguity remain a central 
concept, but conditioning depends on both the informa-
tion that the CS provides about the US and the learning 
of relations among events.37–40

In laboratory settings, numerous studies have found 
that conditioning is more effective when verbal sugges-
tions of benefit are also provided.13,33,41-47 Voudouris 
and colleagues tested the effects of verbal suggestion 
and conditioning manipulations.47 Healthy participants 
underwent an iontophoretic pain stimulation after the 
establishment of a baseline pain tolerance level. All 
participants attended four sessions on four consecutive 
days. The experimental design consisted of verbal sug-
gestion manipulation (session 1), pain-test (session 2), 
conditioning manipulation (session 3), and pain-test 2 
(session 4). In the first session, half the participants were 
informed that a topical cream was a powerful painkiller 
(expectation of analgesia), and would provide pain 

relief, and the other half were informed that the cream 
was neutral (no expectation). In the second session, half 
of the participants received a neutral cream (placebo) 
and the other half were given none. In the third session, 
half the  participants in each of the verbal suggestion and 
no-verbal-suggestion groups received conditioning in 
which the pain stimulus was reduced after the cream 
was applied, while the other half received the same 
pain stimulus. Thus, group 1 received a combined ver-
bal suggestion and conditioning manipulation; group 2 
received verbal suggestion alone; group 3 conditioning 
alone; and group 4 was the control. The findings revealed 
an enhancement of placebo response in groups 1 and 3. 
Thus, conditioning was more effective than verbal sug-
gestion in eliciting placebo analgesia.47 We studied the 
contribution of both verbal suggestions and prior experi-
ence via conditioning, at the level of both N1 and bipha-
sic N2–P2 components of scalp laser-evoked potentials 
(LEPs), which presented the advantage to explore early 
central nociceptive processing noninvasively. N1 is gen-
erated in the second somatosensory (SII) area, while 
N2–P2 is a biphasic negative–positive complex obtained 
at the vertex which originates in the bilateral operculo-
insular areas and in the cingulate gyrus. Scalp-LEP 
components are modulated by top-down mechanisms 
and placebo manipulations.48–50 We found that verbal  
suggestions of benefit and conditioning induced a 
decrease in amplitude of the N2–P2 complex, but not of 
the earlier N1 component. Verbal suggestions induced 
LEP changes occurring without subjective perception 
of pain decrease, while N2–P2 amplitude reductions 
induced by the conditioning procedure were associ-
ated with a strong reduction of subjective pain. Overall, 
the experience of an analgesic effect, via conditioning 
produced a substantial reduction of LEP amplitudes 
as compared to the natural history group and verbal 
 suggestions (Fig. 14.2).51

By manipulating the number of CS–US pairings, we 
have found in our own studies that the persistence of 
placebo and nocebo responses was firmly connected to 
the length of exposures to effective (and ineffective) treat-
ments. The increase in the number of associations from 
1 to 4 sessions of conditioning resulted in a higher mag-
nitude of placebo and nocebo responses and their resis-
tance to extinction of the ensuing responses (Fig. 14.3).52

The experience of mastery also strongly impacts 
expectations and on subsequent behavior. In this regard, 
Price and colleagues applied a pain stimulus and  placebo 
cream to healthy volunteers under two experimental 
conditions: A (strong placebo) and B (weak placebo), 
and a control agent, C.45 During the conditioning proce-
dure, the intensity of the stimulus was decreased 67% in 
A and 17% in B. There was no reduction in C (control). 
Expectancies were also assessed after the trials of inten-
sity manipulation. In comparison to the pre-treatment 
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condition, subjects experienced a large and small reduc-
tion, as well as no reduction in the three areas on the ven-
tral part of the forearm, which had corresponding labels 
of A, B, and C.45 The findings were congruent with what 
the subjects previously perceived, thus the intensity of 
‘US’ likely graded different expectation levels so that 
graded placebo analgesic effects were obtained.

In general, learning via prior experience has been 
increasingly emphasized as a modulating factor of the 
placebo effect53 owing to the awareness that a previ-
ous direct experience of benefit via pharmacologic or 
biologically significant cue exposure can powerfully 
change behavior and clinical outcomes. Prior posi-
tive experience induces increased analgesic responses 
of a subsequent placebo, whereas ineffective previous 
experiences negatively influence the formation of pla-
cebo effects.41 We performed in one group a simulation 
of an effective treatment (exposure to a surreptitious 

reduction of intensity of painful stimulations, treatment 
A) to create expectations of benefit. After this learning 
procedure, the administration of a placebo induced 
robust analgesic responses. A second group of subjects 
of the same study received an ineffective treatment (no 
reduction of intensity of painful stimulation, treatment 
B) which resulted in no placebo analgesic effects. After 
a time lag of 4–7 days, both the groups were shifted to 
either the effective or ineffective procedure according 
to a within cross-over design. Interestingly, the placebo 
analgesic responses following an effective procedure 
in the first group were significantly high showing no 
extinction over time. In the second group, the experience 
of ineffectiveness was capable of altering negatively the 
effects of the subsequent effective procedure, as shown 
in Figure 14.4. These findings suggest that placebo anal-
gesia is finely tuned by prior experience (either posi-
tive or negative), and that the effect of initial treatment 

FIGURE 14.2 Verbal suggestions of analgesia and conditioning modulated N2–P2 amplitude reductions. Subjects in the conditioning pro-
cedure experienced an analgesic effect (Group 2), and produced a larger pain reduction as compared to subjects in the verbally induced group 
(Group 1) and subjects in the no-treatment group (Group 3). This result suggests that the perception of treatment effectiveness via conditioning is 
a crucial factor for shaping the central nociceptive processing of placebo analgesia. Data from Colloca et al.51
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FIGURE 14.3 The use of CS, reinforced on 100% of trials, produced two distinct patterns of learned placebo analgesic effects. The persistence 
of placebo analgesic responses was strongly related to the number of trials in the acquisition phase (1 versus 4 blocks). The long conditioning 
paradigm resulted in the formation of sustained placebo analgesic responses lasting for the entire experimental session. Conversely, the short 
conditioning paradigm induced responses of small magnitude and duration. Data from Colloca et al.52

FIGURE 14.4 Placebo analgesic effects in sequential trials. Prior positive experience induces increased analgesic responses of a subsequent 
placebo, whereas ineffective previous experiences negatively influence the formation of placebo effects. The scheme shows the magnitude of 
placebo analgesic effects in healthy subjects as a result of being exposed first to an effective (A) or ineffective (B) procedure according to a within 
cross-over design. Group 1 was exposed to an effective treatment first, while Group 2 received a placebo manipulation after an ineffective treat-
ment. After a time lag of 4–7 days, both groups were shifted to either effective or ineffective procedures. Interestingly, placebo analgesic effects 
increased in Group 1 as compared to Group 2. In addition, a treatment initially perceived as ineffective, when given after a treatment perceived as 
effective, resulted in a high analgesic effect, suggesting that the sequence of treatments influences the relative magnitude of analgesic responses. 
Data from Colloca and Benedetti.41
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influences the magnitude of placebo responses after 
several days.54

Thus, research on the formation of placebo responses 
via conditioning and learning experiences has important 
implications for clinical practice. Ader and colleagues 
have recently provided proof-of-concept evidence that 
a partial schedule of pharmacologic reinforcement con-
sisting of reduced cumulative amounts of corticosteroids 
associated with placebos, was effective in suppressing 
symptoms of psoriasis comparable to the reduction in 
symptoms induced by a full-dose treatment.55 Thus, 
learned placebo responses following the exposure to 
drugs may be successfully exploited in routine clinical 
practice by integrating placebos in schedules of rein-
forcement, so that conditioned stimuli acquire proper-
ties and characteristics of USs. These effects may become 
part of the pharmacotherapeutic protocol preserving 
therapeutic benefits while side effects are reduced.3,56

SOCIAL LEARNING

The previous sections have examined in detail, forms 
of learning that have shown to be capable of evoking 
placebo and nocebo responses and, in turn, reducing 
or increasing, respectively, pain analgesia. However, 
beyond direct first-hand experience, people can also 
learn by observing others. Likewise, placebo responses 
can be formed by means of observational learning in a 
social context without any deliberate reinforcement.

By investigating the role of social observation in pla-
cebo analgesia, Colloca and Benedetti demonstrated 
that healthy subjects can learn to form placebo analgesic 
effects by observing the experience of a demonstrator, 

suggesting that the information drawn from social 
learning may establish a self-projection into the future 
 outcome.57 Observationally induced effects exhibited no 
extinction, indicating implicit acquisition and retention 
of behavioral output. The magnitude of observationally 
induced placebo responses was similar to those induced 
by directly experiencing the benefit through a condition-
ing procedure in which subjects were exposed to first-
hand experience of analgesia. Interestingly, the more 
pronounced observationally induced placebo responses 
were found in those subjects who presented higher 
empathy scores. This result suggests a link between the 
ability to modify behaviors following mere observation, 
the formation of placebo analgesia responses, and empa-
thy (Fig. 14.5).

These observations emphasize that social interactions 
are potential cues to induce expectations of benefit and 
activate specific mechanisms.

In terms of nocebo effects, recently Mazzoni et al 
reported observationally induced responses in a model 
of nocebo mass psychogenic illness.58 Healthy subjects 
were asked to inhale a sample of normal air which was 
presented as a product containing a suspected envi-
ronmental toxin known to cause headache, nausea, 
itchy skin and drowsiness. Half of the healthy subjects 
also observed an actor who inhaled the product. Those 
who watched another person displaying signs of  illness 
reported a significant increase in the four described 
symptoms, suggesting that social learning might also 
play a role in clinical contexts.58 It is plausible that these 
results may be extended to pain and hyperalgesia.

Attempts to analyze observationally induced effects 
within the associative learning framework have been 
made in human and nonhuman models. In particular, 

FIGURE 14.5 Placebo analgesia, social learning and empathy. The graph in the left panel presents the effect of observation on pain reports. 
Healthy subjects were tested for placebo analgesic responses after observing a demonstrator. The demonstrator rated green-associated stimuli as 
analgesic and red-associated stimuli as painful. After the observation, subjects perceived the green-associated stimuli as less painful, although 
the pain intensities for both colors were the same. Pain perception was assessed by means of a Numerical Rating Scale (NRS) ranging from 0 = no 
pain to 10 = maximum imaginable pain. The analgesic effects were correlated with empathy concern scores. The higher the scores in empathy, the 
higher the analgesic effects (B). Data from Colloca and Benedetti.57
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in animals, studies on observational aversive learning 
in rats fail to find blocking, latent inhibition, and over-
shadowing—three well-documented features of classical 
conditioning.59 Conversely, studies in humans reported 
classic conditioning features for social aversive learning, 
including overshadowing and blocking,60 implying that 
observation might serve as a US. Beyond these attempts 
to categorize observational learning, the ability to alter 
behaviors without any practice and direct reinforcement 
is part of the large repertory of prosocial behaviors (e.g. 
ability to share another’s feelings, imitation, mimicry) 
which allows humans and nonhumans to draw informa-
tion from their social environment and make inferences 
about a future outcome.61

The power of social learning in placebo health- 
promoting processes is demonstrated by studies focusing 
on contextual cues in clinical settings and the patient–
provider relationship. Aspects of conditioning, instruc-
tional learning, and observational learning are likely to 
combine in the clinical encounter to promote socially 
induced placebo responses. The corresponding contri-
butions of the various psychosocial components can be 
disentangled by comparing the effects of medication 
administered in the manner of routine clinical practice 
with a hidden administration of the same medication (for 
a review see62) and the effects of business-like placebo 
responses versus an augmented patient–doctor relation-
ship.63 In other words, the goal is to compare and con-
trast a system with common psychosocial components 
and inter-personal relationships intact versus a system 
with one or more psychosocial components removed 
or reduced. As an example of the impact of social inter-
action in pain analgesia, studies compared two groups 
of patients hospitalized after surgery. The first group 
received an injection of analgesic drugs administered by 
a physician and were told that this injection contained a 
powerful painkiller, which should produce pain relief in 
a few minutes. The second group, who received analge-
sic medication from a preprogrammed infusion machine 
without being told when they would be given the med-
ication, required a much higher dose of medication to 
reduce pain by 50% than those in the first group.64,65

Patients with irritable bowel syndrome enrolled in 
a run-in phase of a randomized trial comparing verum 
and sham acupuncture reported greater symptom relief 
when they received an augmented sham acupunc-
ture intervention arm consisting of a longer and more 
empathetic  initial conversation with the practitioner 
as compared to a more business-like sham interven-
tion, whereby communication between practitioner and 
patient was reduced to a minimum. Both sham acu-
puncture groups reported superior outcomes relating 
to symptoms than those in a no-treatment waiting-list 
group. When augmented by supportive communication, 
the ritual of treatment can produce an enhanced and 

sustained placebo response in a difficult-to-treat patient 
population.

These findings make some inroads into revealing the 
cognitive and emotional appraisal of a situation based 
on human social interactions, in terms of the generation 
and maintenance of placebo effects.

EXPECTATIONS

Expectations are central to the formation of placebo 
responses and can derive from information learnt from 
instructions, via personal experiences and from social 
and observational cues. Such expectations are con-
nected with individual beliefs and emotions, dynami-
cally updated over time and graded by the perceived 
likelihood of an outcome such as placebo analgesia 
(Fig. 14.6).

This perspective is in line with the semiotic theory 
developed by Charles Peirce.1,2 Iconic, indexical, or sym-
bolic signs convey information that is processed by a 
person. These signs can be vehicles of placebo responses. 
When a placebo response occurs, the interpreted sign is 
the therapeutic agent and the response involves learn-
ing processes, through which the patient processes and 
responds to the information coded in the signs. Cogni-
tion shapes the interpretation of the signs, producing 
positive and negative outcomes. As Kirsch suggested, 
expectations can be elicited by explicit (e.g. suggestions 
of positive or negative outcomes) and implicit processes 
(e.g. individual previous experience).66 This observation 
suggests that it is important to avoid any strict dichot-
omy between conditioning and expectation mechanisms, 
as the former involves information processing by which 
a subject anticipates (i.e. expects) a future event, which 
may or may not be conscious.67 Conversely, expectations 
formed on the basis of explicit instructions are often 

FIGURE 14.6 The diagram shows how verbal, conditioning, and 
observational cues—all components of the psychosocial context sur-
rounding the patient and any treatments—are finely decoded by the 
brain to form expectations which are pivotal to placebo analgesia. 
Adapted from Colloca and Miller.1
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associated with unconscious prior experience and thus 
involve different degrees of awareness.

When a perception, such as pain relief is consciously 
accessible, verbal instructions become a crucial modu-
lator of placebo effects. However, it is worth noting 
that both nocebo hyperlagesic responses and placebo 
analgesic responses can be also triggered by stimuli 
presented outside of conscious awareness. By contrast, 
hormonal conditioned placebo responses are shaped by 
unconscious conditioning but are not affected by verbal 
instructions and such an event cannot be experienced 
and perceived by human cognition (e.g. growth factor 
secretion).36

Defining the boundaries of consciousness along 
with conscious and unconscious expectancies in form-
ing placebo responses is a challenging field of research, 
which requires more investigation. Some authors have 
defined expectations as consciously accessible mental 
entities,68,69 but others have suggested that unconscious 
expectations also exist.70 If conditioning may be under-
stood as a process generating expectations and condi-
tioned responses in humans and animals without being 
mediated by consciousness, it follows that expectations 
are not necessarily conscious. However, it is reasonable 
to assume that, by and large, the closer the phylogenetic 
distance to humans, the larger the role of conscious cog-
nition and the smaller the role of unconscious processes.

EVOLUTIONARY PRINCIPLES BEHIND 
PLACEBO ANALGESIA

In evaluating the hypothesis that the placebo effect 
predominantly relies on learning, it is worth asking the 
reasons for human and nonhuman ability to release 
endogenous substances with health-promoting effects 
in the context of nature and how these processes may 
have evolved.71 In an attempt to reconstruct the evolu-
tionary meaning of the placebo responses, we briefly 
rely on a combination of the innate capacity of humans 
to enhance their adaptation to the environment by learn-
ing, social behaviors, naturalistic and ecologic contexts, 
and potential genetic contributions via selection.

The ability to modulate endogenous systems and 
heal by learning presumably would enhance survival, 
and hence, placebo analgesia may be favored directly 
by natural selection. In particular, genetic make-up and 
social contexts may interact in controlling behaviors 
and promoting adaptation. As reflected in the research 
findings on pain and other domains, the propensity of 
humans and nonhumans to be conditioned as well as 
the potential for placebo interventions to modify disease 
outcomes by means of classic conditioning, may also be 
part of their biologic heritage. Pavlovian conditioning 
which humans share with other species and relatively 

simple invertebrates is one of the most powerful mecha-
nisms underlying placebo analgesia.

Interestingly, the ability to imitate and learn from 
the behaviors of others appears advantageous because 
this mechanism is a rapid form of learning, saving cost 
and time, in terms of effort and risk, leading the animal 
or individual to acquire appropriate information with-
out risks associated with trial-and-error learning.61,72–74 
Therefore, social learning may be an evolutionary adap-
tion that prevents errors, selects strategies useful for 
 survival, and facilitates the formation of placebo anal-
gesic responses.

Viewed as being activated by conditioning and obser-
vational processing, the placebo effect would represent a 
form of learned responses that antedated the emergence 
of language. However, human and social environment 
linguistic abilities evolved to recode and re-represent 
individual and social experiences. Patients who are 
given inert treatments along with the verbal suggestion 
that they are powerful remedies have shown an improve-
ment in a variety of symptoms. In the doctor–patient 
relationship, the way in which doctors inform patients 
about diagnoses and/or prognoses may result not only 
in good compliance with treatment and patients’ satis-
faction but also in placebo responses promoting heal-
ing processes. Moreover, social interactions seem to be 
important determinants of the formation of placebo 
responses, suggesting that these responses may represent 
a byproduct of altruism and social solidarity, nurturance 
and inter-animal practices of grooming.75 Monkeys used 
grooming to build up alliances and are selective in allo-
cation of grooming, likely recognizing in this practice an 
honest indicator of time invested and a form of recipro-
cal altruism. Also relevant in humans is the prolonged 
process of dependency in infancy and childhood that 
gives more salience to parental nurturing, thus laying 
a strong foundation for projecting the relief of suffering 
that children receive from their parents’ intervention in 
interactions with healers. This observation may explain 
why some internal mechanisms of symptoms’ relief so 
often take the intervention of a healer71 and are not acti-
vated spontaneously when an animal or an individual 
is at rest and is doing what is needed to avoid further 
injury to the organism. Patients are inevitably not only 
confronted with their own expectations and experiences 
but are strongly influenced by beliefs of their families, 
peers, clinicians, and cultural elements. Finally, cultural 
processes may facilitate the spread of adaptive knowl-
edge over generations by being able to recognize vital 
life skills to cultivate successful social relations, and 
prosocial behaviors. Thus, it is possible to argue that 
the human placebo effect is based on an innate ability to 
learn with obvious survival value, which is made use of 
in healing in light of the human situation of prolonged 
dependency, social interactions, and features of cultural 
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evolution. An important aspect related to the genesis of 
placebo effects is the idea that placebo responders can 
be predicted by specific genetic polymorphisms and 
brain network activation. For example, serotonin-related 
gene polymorphisms have been found to influence the 
individual placebo response in social anxiety, both at 
the behavioral and neural levels (as indicated by amyg-
dala activity during a stressful public speaking task).76 
Genetic polymorphisms modulating monoaminergic 
tone (catabolic enzymes catechol-O-methyltransferase 
and monoamine oxidase A) have been related to the 
degree of placebo responsiveness in a major depres-
sive disorder.77 The COMT val158met functional single 
nucleotide variant has also been associated with placebo 
analgesic responses in patients suffering from IBS, and 
has been suggested as a potential predictor of the benefit 
from a supportive doctor–patient relationship.78 More-
over, brain networks have been shown as powerful tools 
for predicting placebo responsiveness in both healthy 
individuals79,80 and patients in pain.81

Overall, research clarifying the relation between spe-
cific genetic polymorphisms and brain placebo effects 
paves the way for predicting the ability to activate endog-
enous modulation of pain, gathering knowledge regard-
ing the role of evolution in determining this phenomenon 
and promising a better approach for pain management.

CONCLUSION

This chapter has explored a wealth of research serv-
ing to elucidate the mechanisms responsible for activat-
ing placebo and nocebo responses. In particular, learning 
(and associated mechanisms) has been demonstrated to 
be a key mediator of expectations and placebo responses. 
A large body of research has been formally systemized 
here, integrating behavioral and neurobiologic litera-
ture in terms of information processing, reframing the 
placebo effect as a learning phenomenon. The evidence 
points to learning processes ultimately guiding the 
changes in behaviors and expectations that, in turn, lead 
to the formation of placebo responses. Viewing the pla-
cebo effect via a learning perspective may foster scientific 
investigation, promoting a deeper and better knowledge 
of the phenomenon in health care. It is patently clear that 
the ramifications of such knowledge are of paramount 
importance to the study of pain management, given the 
potential capacity of the placebo and nocebo responses 
in affecting pain outcomes in diverse physiologic and 
pathologic conditions.
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METHODOLOGY OF STUDIES 
INVESTIGATING PLACEBO ANALGESIA 

AND NOCEBO HYPERALGESIA

Placebo analgesic and nocebo hyperalgesic responses 
are due to expectations, in some form, that a treatment 
will reduce or enhance pain. The design of a study on 
placebo and nocebo effects needs to ensure that any 
change in pain is due to the expectations, and to control 
for other factors that may reduce or increase pain. Thus, 
the observation that pain is reduced after administration 
of a placebo is not proof of a placebo analgesic response, 
as the relief in pain could be due to e.g. natural variation 
in pain, regression to the mean, response bias, reporting 
errors, other medication, and a number of other factors.

Over time, pain and many other pathologic condi-
tions show spontaneous variations and fluctuations of 
symptoms that are known as natural history.1 Indeed, 
relapses and remissions can occur in the absence of 
any treatment. If a research subject or a patient takes a 
medication (e.g. aspirin or placebo) just before his/her 
discomfort starts to vanish, he/she may believe that the 
medication was effective but that decrease would have 
occurred anyway. Importantly, this effect should not be 
considered as a placebo effect, but rather a spontane-
ous remission. Spontaneous remissions can easily lead 
to misinterpretation of the cause–effect relationship. 
It is worth noting that in order to determine a placebo 
effect, scientists and trialists should look for a difference 
between the natural history and the placebo groups.

Another variable that can be erroneously confused 
with placebo effects is the regression to the mean, a sta-
tistical effect which accounts for changes in subsequent 

measurements. A variable, A, will tend to move closer to 
the center of its distribution from initial to later measure-
ments. This is a property of all measurements subject to  
random error. Subsequent measurements then tend  
to be lower, because of regression to the mean, even if no 
biologically or psychologically mediated placebo effects 
are present.2 If a research subject or a patient receives an 
initial clinical assessment when his/her pain is near its 
highest intensity, then the pain level is likely to be lower 
when they return for a second pain assessment. In this 
case also, the improvement or worsening in pain expe-
rience should not be attributed to placebo (or nocebo) 
effects. The unique, reliable way to establish to what 
proportion an observed improvement is due to the pla-
cebo effect is to compare a group receiving a placebo to a 
group receiving no treatment.

A further source of confusion is represented by partic-
ular kinds of error made by the patient and/or physician, 
i.e. false-positive (and -negative) errors. This concept has 
been explained in the framework of signal detection the-
ory that was developed to model errors in the detection 
of ambiguous signals, such as a symptom.3 The ambi-
guity of symptom intensity may lead to biases follow-
ing verbal suggestions and other placebo manipulations 
that can occur even subconsciously. A patient might 
report that he/she feels better after a given medication 
by erroneously detecting a symptomatic relief (e.g. false-
positive errors). False-positive (or -negative) errors are 
common in medical decision making, both by physicians 
who diagnose patients’ symptoms and by patients who 
report the severity of their own symptoms. The false-
positive errors and scaling biases can be significantly 
reduced by using objective physiologic measurements 
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(e.g. brain activity) along with pain reports. In clinical 
practice and clinical trials, the Hawthorne effect, namely, 
the effect of being under study, may be a source of biases 
as well. It is likely that a research subject or a patient, 
once included in a study or trial, perceives pain reduc-
tions merely because of study participation.

INDUCED PAIN AND CLINICAL PAIN

Placebo effects are most often observed as changes in a 
symptom or disease, although some studies have shown 
that expectations may change base levels of psychologic 
and physiologic processes, e.g. arousal.4,5 However, in 
most studies a symptom such as pain is induced, and 
in some studies clinical pain has been monitored. The 
advantage with experimentally induced pain is that the 
experimenter has control over the painful stimulus, and 
may apply the same painful stimulus to all participants, 
e.g. all subjects may receive the same temperature and 
duration of stimulation. Although the stimulus is iden-
tical for all participants, reported pain levels may still 
vary. Alternatively, the experimenter can calibrate the 
stimulus to the same perceived pain levels for all par-
ticipants. This last method reduces error variance and is 
preferred by many investigators. It also has the advan-
tage that pain levels may be calibrated to, e.g. a 5 on a  
10 cm visual analogue scale, that allows the observation 
of both increases and decreases in pain levels.

Pain can be induced experimentally in a variety of 
ways, but an overview of these methods is outside the 
scope of this chapter; reviews of experimental induc-
tion of pain can be found in Gracely.6 It has been sug-
gested that placebo analgesia is observed in tonic pain, 
and not in phasic pain. However, several studies using 
event-related potentials, where painful stimulation has 
an abrupt onset and a duration of less than 0.1  seconds, 
have shown reliable placebo analgesic responding, both 
at the subjective and cortical level.7–9 Placebo analge-
sia has also been observed during application of the 
sub-maximum tourniquet test, where duration of the 
experiment can be up to 1 hour, depending on the pain 
tolerance of the participant. Thus, placebo analgesia 
can be observed during application of painful stimuli 
of short duration with stimuli of longer duration of up 
to 1 hour. Clinical pain is also subject to modulation by 
expectations of pain relief, and controlled experiments 
have shown placebo analgesic responses with a duration 
of more than 4 hours.10

The effect of a placebo on chronic pain and post-
operative pain has been investigated in a few studies 
aimed specifically at investigating placebo analgesia. 
 Benedetti’s group has showed that postoperative pain 
can be reduced by administration of a placebo.11 Kupers 
et al12 observed large placebo analgesic responses in a 

female patient with chronic back pain, and Charron 
et al13 found placebo analgesic responses in patients with 
chronic low-back pain. Petersen et al14 found no effects of 
a placebo manipulation on spontaneous pain in patients 
with neuropathic pain, but evoked pain was reduced in 
the same patients after a placebo manipulation.

QUANTIFICATION OF PAIN

Pain is a subjective experience, and there are several 
ways of quantifying the experience, and of recording the 
physiologic correlates of pain. The visual analog scale 
(VAS) is a 100 mm long line anchored by two statements: 
the subject is to cross the line at the left end if no pain 
is experienced, and the right end of the line should be 
crossed if pain is extreme, intolerable, or is the worst pain 
imaginable. The point where the subject has crossed the 
line is recorded in millimeters and is indicative of pain 
levels. The VAS may also be computerized, allowing for 
continuous recordings of pain, or to be used in situations 
when the ordinary VAS may be difficult to use, as under 
dental procedures or during scanning of the brain. The 
numerical rating scale (NRS) is conceptually similar to 
the VAS, but it involves the vocal expression of a number 
that corresponds to the pain level. The NRS has, as the 
VAS, a range from 0 to 10 (or 100), where 0 represents no 
pain and 10 (or 100) maximum pain.

The two major dimensions of pain are its intensity 
and its unpleasantness,15 often referred to as the sensory 
and affective dimensions of pain. Both are recorded in 
the same way on the VAS or NRS. Pain is a sensation, 
with defined receptors and sensory pathways leading 
via the thalamus to cortical areas, as other somatosen-
sory senses. However, pain is also an unpleasant feeling, 
and painful stimulation also activates areas in the brain 
that are involved in emotional reactions. Pain intensity 
and pain unpleasantness are often highly correlated in 
experimentally induced pain, but the correlation may 
decrease under some conditions, as in dental pain,16 
where pain unpleasantness can be high, whereas the 
intensity of pain may be lower. Subjective pain can also 
be expressed across several other dimensions, e.g. with 
the McGill Pain Questionnaire, but in studies of pla-
cebo analgesia interest is often in pain intensity or pain 
unpleasantness.

Pain threshold is the lowest stimulation that is judged 
as painful, and is assessed by a series of ascending and 
descending stimulation intensities. Pain tolerance, on 
the other hand, is a behavioral measure of pain where 
the time from onset of painful stimulation till the partici-
pant terminates the stimulus is recorded. Pain tolerance 
is often used with the cold pressor test or the submaxi-
mum tourniquet technique, and robust placebo  analgesic 
responses have been observed in pain tolerance.17,18
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Clinical pain can be quantified via measurements of 
the size of the painful area. Placebo analgesia has been 
associated with a reduction in the hyperalgesic area.14

RESPONSE BIAS

Pain report may be influenced by situational charac-
teristics. Aslaksen et al19 (see also20) showed that male 
subjects reported lower pain to female experimenters 
compared to male subjects who reported pain to male 
experimenters. Pain reported to females was about 50% 
lower than pain reported to male experimenters. The 
physiologic response to painful stimulation, on the other 
hand, was similar in both males and females. Thus, the 
presence of a female experimenter may have induced a 
bias in males towards reporting lower pain. Response 
bias is a serious threat towards the reliability of pain 
measurement, and thus to placebo analgesia.

Allan and Siegel3 have proposed that placebo res-
ponding may be understood in the light of signal detec-
tion theory. According to this account, the pain report is 
influenced by two factors: the signal-to-noise ratio, and 
the consequences of reporting that pain was reduced or 
not. Thus, how well can the patient detect a change in 
pain, compared to the pain levels before taking the medi-
cation? In the case of fluctuating pain levels this can be 
difficult. Furthermore, when medication for pain has 
been administrated, there is expectancy on the part of 
the patient and the physician that pain will be reduced. 
However, reporting that pain has not been reduced may 
have negative consequences for the patient: it may appear 
that the patient questions the physician’s authority, or the 
patient may be classified as a complainer. Thus, admin-
istration of the medication introduces a bias towards 
reporting lower pain. The reporting of lower pain, even 
when pain levels are not lower, is termed a ‘false-positive 
error,’ as the subject reports that a signal (lower pain) has 
been detected, while the signal is not there.

Not many studies have followed-up on this hypoth-
esis, but the few studies that have21 (see also22,23) have 
provided support for the idea that the information that 
a painkiller has been administered changes the response 
criterion for what is defined by the patient as a painful 
stimulus, but does not change the experience of pain.

To bypass response bias, the recording of physiologic 
correlates of pain has been used. Painful stimuli with 
short rise times and short duration have been shown 
to reliably elicit event-related potentials (ERPs) in the 
electroencephalogram.24 The painful stimuli generate 
a negative component, termed N2, followed by a posi-
tive component, the P2, that both correlate with reported 
pain. Several studies7–9,25 have shown that the P2  
component is reduced under placebo analgesia. This 
observation is important for two reasons. First, the 

reduced P2 component indicates that the brain’s response 
to the painful stimulation is reduced. Second, placebo 
analgesia involves biologic processes that reduce the 
pain signal prior to reaching the brain. Consequently, the 
observation of reduced P2 amplitude shows that placebo 
analgesia is not due to response bias alone.

Studies employing functional magnetic resonance 
imaging (fMRI), positron emission tomography (PET), 
and brain mapping (e.g. laser-evoked potentials) have also 
found evidence of reduced activation of brain areas and 
scalp-responses involved in the processing of pain, which 
is further support that placebo analgesia is due to brain 
processes that reduce pain nociception and the experience 
of pain in the brain, and is not merely due to response 
biases.26–28 Although there are limitations related to the 
brain, imaging and mapping techniques have extensively 
contributed to recent advances in the field of pain and pla-
cebo (see29,30 and the first part of this book).

DESIGN

To ensure internal validity, i.e. that the reduction in 
pain observed in studies of placebo analgesia is due to 
expectations and not to other factors, a minimum of two 
groups or conditions needs to be included in the experi-
mental design. For example, in the case of a pain study, 
the placebo group receives the experimental pain, and 
an inactive treatment along with the information that 
the given treatment is an effective painkiller (Fig. 15.1). 
Thus, expectations of pain reduction are induced in this 
group. A natural history control group receives the same 
type of pain, but neither a placebo treatment nor a ver-
bal suggestion of pain relief is provided. The only differ-
ence between the two groups is hypothesized to be the 
expectation of reduced pain in the placebo group. Thus, 

FIGURE 15.1 The basic design of the pain report in a group receiv-
ing repeated painful stimulation (Control group) and a group receiving 
the same painful stimulation, but who received placebo capsules with 
information that they contained a powerful painkiller (Placebo group). 
The capsules were administered after the pre-test to this group. Rep
rinted from Aslaksen and Flaten31 with kind permission from the publisher.
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a placebo analgesic response is observed if pain levels 
are lower in the placebo group as compared to pain lev-
els observed in the natural history group.

The minimal design for the study of placebo analge-
sia, therefore, involves two groups: one group with no 
expectations of treatment effects, where pain is recorded 
but not treated or in other ways modulated; and a second 
group that receives positive or negative verbal instruc-
tions that the treatment will reduce or enhance pain, but 
where an inactive placebo is administrated. Many of the 
early studies on the response to placebos did not take 
this into account, as the concept of ‘placebo effect’ was 
not well discussed and understood at that time.

A three-armed design with a natural history group, 
a placebo group, and a group receiving the study drug 
has been employed in some clinical drug trials.32,33 This 
design allows the comparison of the placebo group with 
a natural history group. However, the design is not suited 
to study placebo responses, as the subjects in the placebo 
group are informed that they will receive either a pla-
cebo or a drug. Thus, expectations in the placebo group 
will be weak in this study design, with a resultant lower 
placebo response. This observation was documented in 
a meta-analysis by Hróbjartsson and Gøetzsche32,33 that 
showed small placebo analgesic responses in three-armed 
clinical trials where patients, who received a placebo, 
were told that they may or may not receive a painkiller. 
A meta-analysis by Vase et al,5 on the other hand, showed 
significantly larger placebo analgesic responses when the 
research participants were told that they received a pow-
erful painkiller, although they received a placebo.

A robust way to isolate the placebo effect as a context 
effect is achieved with the open–hidden paradigm,35,36 
also termed the overt–covert paradigm.10 The term refers 
to the modality of administration of a treatment that can 
be doctor-initiated versus machine-initiated therapy. 
The former is the classical situation of routine medical 
practice whereby an active treatment is administered 
to the patient, who is aware that a medical therapy is 
being administered. The latter condition – the hidden 
administration – consists of administration of the active 
treatment while the patient is completely unaware that 
it is being given; the treatment is administered by means 
of a computer-controlled infusion pump that is prepro-
grammed to deliver the treatment at the required time. 
This paradigm has proven to be reliable in studying the 
placebo effect in the field of experimental and clinical 

pain, anxiety and Parkinson’s disease (for a review see 
Colloca et al10). By comparing open–hidden administra-
tions of medications it is possible to highlight the active 
role of cognition in therapeutic outcomes Fig. 15.2).

The role of cognition can be explored by using a bal-
anced placebo design as well. Introduced by Ross et al,8 
the balanced placebo design refers to an orthogonal 
manipulation in which instructions (told drug versus 
told placebo) and drug administered (received drug ver-
sus received placebo) are carefully manipulated. This 
design is particularly interesting for investigating pla-
cebo effects and verbally induced expectations, although 
it requires elements of deception and some subjects 
will receive placebos. By using this design, Flaten et al5 
showed that carisoprodol, a centrally acting muscle relax-
ant, acted either as a relaxant or a stimulant, depending 
on the combination of verbal suggestion associated with 
the administration of treatment. Patients given a mus-
cle relaxant and told that the administered drug was a 
stimulant reported greater muscle tension than did those 
who were told that it was a relaxant. Similarly, when an 
aerosolized, active bronchoconstrictor (carbachol) was 
administered to asthmatic subjects, it produced more 
airway resistance and dyspnea in patients who were told 
that it was a bronchoconstrictor than in those who were 
told it was a bronchodilator.38,39 Keltner et al40 demon-
strated different patterns of brain activity in relation to 
pain under different verbal suggestions.

WITHIN-SUBJECTS VERSUS BETWEEN-
SUBJECTS DESIGNS

In a between-subjects design, subjects are randomized 
to either the natural history group or the placebo group, 
and the placebo analgesic effect is the mean difference 
in pain levels between the groups after administration 
of the placebo. A less used design is the within-subjects 
design, where all subjects are run in both the natural his-
tory and the placebo conditions. The advantage with the 
within-subjects design is that of statistical power, since 
error variance is reduced, and fewer subjects may be 
needed. However, the most important conceptual advan-
tage with this form of design is that a placebo response 
can be computed, for each subject, as the difference 
between that subject’s pain levels in the natural history 
and placebo conditions. The individual placebo response 

MEDICATION
NO MEDICATION

REDUCED PAIN
Correct decision
False positive

NOT REDUCED PAIN
False decision
Correct decision

FIGURE 15.2 After administration of active drug or placebo, said to reduce pain, the patient is asked whether the treatment reduced pain or 
not. The decision the patient makes depends on the discriminability of changes in the pain, and on the consequences of reporting lower pain or 
not.3 Adapted from Siegel and Allan.
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cannot be computed in a between-subjects experiment. 
Reduced pain observed after administration of a placebo 
is not evidence of a placebo response, as other factors, 
like natural variation in pain levels or habituation, may 
reduce pain. It has been argued that the term ‘placebo 
response’ should be used for the response at the indi-
vidual level, whereas the term ‘placebo effect’ should be 
used for between-groups comparison, and this nomen-
clature is used in the present chapter. When the interest is 
in predicting individual differences in placebo response, 
and to identify placebo responders and non-responders, 
the within-subjects design should be considered.

On the other hand, the within-subjects design intro-
duces some problems. The order of presentation of the 
natural history and placebo conditions has been found 
to affect placebo analgesia. When the placebo condition 
has been presented before the natural history condition, 
placebo effects have been small or absent.41,42 When the 
natural history condition has been presented before the 
placebo condition, significant placebo effects have been 
observed. The effect of order of presentations is due to 
higher levels of stress or negative emotions on the first 
day of the experiment that increase pain on that day. 
After habituation to the experimental procedures, that 
decreases emotional arousal, pain levels are lower. It is 
recommended that subjects are familiarized with the 
experimental procedures prior to the start of the experi-
ment, to avoid habituation across the experimental con-
ditions. Another problem with the within-subjects design 
is subject drop-out, as the experiment is run across two 
or more days. Running both conditions on the same day 
is problematic, since the placebo condition will have to 
be run before the natural history condition for half the 
subjects, and there may be carry-over effects that may 
reduce pain in the natural history condition, that could 
reduce any difference in pain between the conditions.

THE PRE-TEST

The pre-test refers to the application of painful stim-
ulation prior to introduction of the placebo treatment, 
to ensure that the response levels are similar in all the 
groups. Although the pre-test is not a necessity in experi-
mental design,43 its use is seldom questioned and it is 
very commonly used in studies on placebo effects.

RESEARCHERS’ AND SUBJECTS’ 
PERCEPTION OF THE TREATMENT 

ALLOCATION

Gracely et al44 showed that when the person admin-
istering a placebo knew that the capsule could be a 
placebo, the effect on pain was smaller compared to a 

placebo administered by a person who believed she was 
administering a painkiller. Thus, the knowledge that the 
experimenter has about the treatment to be administered 
can affect the patient or research participant. Thus, it is 
common in many experiments on placebo analgesia that 
some participants in the placebo group receive an active 
drug, and these participants are subsequently removed 
from the data analyses. The experimenter will not know 
which subjects have received the active drug and which 
have received the placebo. As indicated by Gracely 
et al,44 if the experimenter has knowledge that only a 
placebo is administered, this may reduce placebo effects.

Furthermore, placebo effects may be induced by cues 
in the experimental procedures. Levine and Gordon37 
showed that placebo analgesia could be induced by a 
hidden infusion of saline, performed in another room by 
the experimenter, in the absence of explicit  information. 
These placebo analgesic responses were of the same 
magnitude as placebo responses induced by the exper-
imenter sitting at the patient’s bedside. When the hid-
den saline infusions were made by a preprogrammed 
infusion pump, placebo analgesic responses were not 
observed. They concluded that ‘even the most subtle cues 
can elicit a placebo response’ (Levine and Gordon37 p. 755).  
Galer et al45 have shown that the patients’ response to 
treatment was associated with physician expectations 
of treatment effects, even if these expectations had not 
been made known to the subjects. It was concluded that 
physicians could subtly communicate their expectations 
of treatment outcome, which, in turn, could influence 
patient response. It has also been reported that higher 
physiologic arousal prior to administration of electric 
shock, compared to arousal measured prior to admin-
istration of an aversive tactile stimulus,46 was observed 
even if no programmed information was available to the 
subjects prior to the aversive stimulus. A similar find-
ing was reported in Flaten et al,18 where nurses were 
informed that one group of subjects would receive a 
small dose of a less-effective painkiller and another 
group would receive a larger dose of an effective pain-
killer. In a pre-test prior to administration of the drug 
and painful stimulation, and before any verbal informa-
tion was provided to the participants, stress levels were 
higher in the participants that were about to receive the 
less-effective medication. Thus, information available to 
the experimenter can affect the subject’s behavior before 
that information has explicitly been transmitted to the 
subject, maybe through changes in the tone of voice or 
facial expression. This is not a placebo effect because the 
decreased pain levels were not due to the subjects’ expec-
tations. Thus, the experimenter should not be informed 
about which group the research participant belongs to 
when performing the pre-test as this may modulate pain 
levels even prior to administration of the placebo. This 
situation may not be possible in within-subjects designs, 
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however, where the experimenter will know which con-
dition is to be run before the second session.

SINGLE-BLIND VERSUS DOUBLE-BLIND 
DESIGNS

The double-blind design ensures that the research 
participant and the experimenter are blind to whether 
the participant received active treatment or placebo. The 
design is the gold standard in studies of effects of drugs, 
or other treatments where this design can be applied. The 
concept of double-blind in studies of placebo effects can, 
however, mean other things. In some studies the experi-
menter is blinded regarding the hypotheses.47,48 This is 
recommendable, but uncommon. This form of blinding 
ensures that the experimenter does not induce a bias in 
the pain report that may mistakenly be interpreted as a 
placebo analgesic response. Knowledge of the experi-
mental hypothesis can affect the behavior of the experi-
menter so that the pain report may differ between the 
natural history and placebo groups.

INDUCTION OF PLACEBO ANALGESIA 
BY CLASSIC CONDITIONING: 
METHODOLOGICAL ISSUES

Placebo effects may be induced by verbal informa-
tion alone, but have been found to be stronger when 
the participant has experienced that the treatment is 
effective.25,49,50 This procedure was first introduced by 
 Voudouris et al.51 The experience that a drug is effective 
is induced via a classic conditioning procedure that has 
a minimum of three phases: in a pre-test painful stimula-
tion is presented, which acts as a baseline against which 
the participant can compare subsequently induced pain. 
In the second phase, the conditioning phase, inactive 
treatment is administered, often a cream applied to the 
bodily site where the pain is administered, that is fol-
lowed by painful stimulation where the intensity of 
stimulation is surreptitiously reduced compared to the 
pre-test. The placebo treatment is the conditioned stimu-
lus, and the reduced pain after application of the placebo 
is the unconditioned stimulus. The pairing of the condi-
tioned and unconditioned stimuli gives the impression 
that the reduced pain is due to the placebo treatment. A 
control group does not receive pairings of the placebo 
cream with reduced pain. In the post-test, the cream is 
again applied in the placebo group to induce an expecta-
tion of reduced pain, and both groups receive the same 
levels of painful stimulation, often the same level as in 
the pre-test. The participants are often informed ver-
bally that the placebo cream is a powerful painkiller, 
but in some experiments this information has not been 

provided and a placebo analgesic response has still been 
observed after application of the cream.51

Two central issues in this type of design are: how much 
should the painful stimulation be reduced from the pre-
test to the conditioning phase, and what intensity the 
pain stimulations in the post-test should have. A large 
reduction from the pre-test to the conditioning phase 
will generate expectations that the placebo is a powerful 
painkiller. However, if the pain in the post-test is similar 
to that in the pre-test there may be a mismatch between 
the expectation of low levels of pain, and the actual pain 
experienced. The mismatch could weaken expectations 
about the analgesic effect of the placebo, and reduce 
placebo analgesia. Thus, some studies have used a level 
of painful stimulation in the post-test that is intermedi-
ate between the pre-test and the conditioning phase.52 
However, robust placebo analgesia has been observed 
in this form of design when pain levels are identical in 
the pre- and post-tests, and there is little support for the 
hypothesis that a mismatch between expected and expe-
rienced pain reduces placebo analgesia.53 In support of 
this, data from our laboratory, where the same painful 
stimulations were used in the first and third phases, 
showed a positive correlation between the magnitude 
of reduced pain from the first to the second phase, and 
the placebo analgesic response. The advantage of hav-
ing identical pain stimulations in the pre- and post-test 
is that it allows for the computation of the Group by Test 
interaction. This interaction cannot be assessed if pain 
stimuli are of less intensity in the post-test compared to 
the pre-test, and only the main effect of Group can be 
computed.

An alternative way of inducing placebo and nocebo 
responses via classic conditioning has been devel-
oped by Colloca and Benedetti.50 The basic idea is to 
pair neutral conditioned stimuli, e.g. lights of differ-
ent wavelengths, with painful unconditioned stimuli 
of different intensities (see Fig. 15.3). Participants were 
informed that a green light displayed on a computer 
screen will indicate activation of the electrode pasted 
on their middle finger which, in turn, would induce 
analgesia by virtue of a sub-threshold stimulation. 
Conversely, a red light will indicate that the electrode is 
not activated, thus they would experience a red-light-
associated painful stimulus (which serves as control). 
The language was simplified for the participant, and 
they were told ‘When the green light is on, there will be 
a stimulus sent to your middle finger so that you will 
feel either no pain or less pain. On the other hand, when 
you see the red light, then the stimulus to the finger 
is turned off so that you will feel pain.’ This approach 
provides evidence of the possibility to study analgesic 
placebo responses even when no placebo medication 
is provided by manipulating expectations and prior 
experience.
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MEASUREMENT OF EXPECTATIONS

The concept of expectation was most thoroughly 
 discussed by Kirsch.54 Expectations are central to the 
placebo effect, but are difficult to measure in ways that 
do not affect the subsequent pain report. In most stud-
ies on placebo analgesia, expectations are not measured. 
Some studies have asked the subjects to indicate, before 
the placebo takes effect, their expected pain levels, i.e. 
expected pain after treatment is rated, on the same scale 
that actual pain is measured.55,56 If the subject is asked to 
indicate the pain level she expects after administration of 
the placebo, that may affect the pain actually reported. To 
avoid this problem, some studies have asked subjects to 
estimate the expected reduction in pain, on a scale from 0 
to 100%, prior to administration of the placebo.13,57 Other 
researchers have asked subjects retrospectively, after the 
experiment, to rate the expectations held after placebo 
administration.58 By using this method, correlations 
with actual pain are lower compared to when expecta-
tions are assessed before the placebo takes effect. Others 
have asked subjects about how much painkillers have 
reduced pain in the past, as past experiences may deter-
mine present expectations towards painkillers. How-
ever, correlations between reported previous effects of 
painkillers and the placebo analgesia observed in the 
experiment are typically low.47

Expectations have at least two different dimensions, 
which can affect placebo analgesia:54 the first dimension is 
how certain the subject is that a painkiller has been admin-
istered, and the second is how much the subject believes 

that the painkiller will reduce pain. Most studies that have 
monitored expectations have recorded the second type. 
However, Bjørkedal and Flaten58 investigated both dimen-
sions by asking subjects after the post-test, how certain they 
were that they had received a painkiller, and how much 
they had expected the painkiller to reduce their pain. There 
were correlations between certainty of having received a 
painkiller and placebo analgesia, but not between degree 
of expected pain reduction and actually reduced pain.

CONCLUSION

The validity of research on placebo analgesia depends 
on the researcher taking into account the factors reviewed 
and discussed above. Although a number of issues impor-
tant for the study of the field have been identified and 
solved, at least partly, some methodologic issues are in 
need of more work. The same can also be said of the con-
cept of expectation. There is no commonly accepted way 
of measuring expectations. On the other hand, impor-
tant issues regarding response bias and the design of 
studies have been clarified. However, the field is devel-
oping rapidly, and a chapter on the methodologic issues 
written in 10 years will likely have many new issues not 
discussed here.
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a green light during the acquisition phase of conditioning (P = pain; N = no pain). No intensity manipulation was performed during the evocation 
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INTRODUCTION

Because of the difficulties of reliably identifying pla-
cebo responders and predicting placebo response rates 
in clinical and experimental trials, different methodo-
logic approaches have been tried when testing (novel) 
drugs against placebo. At the same time, but to a vary-
ing degree, these and other designs have also been used 
to unravel some of the mechanisms behind the placebo 
response. This chapter discusses clinical and experi-
mental designs that may allow characterization and 
quantification of the placebo response in respective set-
tings; it will not focus exclusively on designs for better 
discrimination between the drug response and the pla-
cebo response in clinical trials.1 While many of the cited 
references refer to pain and placebo analgesia—because 
this is the most widely studied placebo phenomenon2—
other significant contributions derive from psychiatry, 
neurology, and internal medicine.3,4

We will introduce two distinctly different approaches 
to allow a better discrimination and quantification of 
drug and placebo effects: by manipulating the infor-
mation provided to patients and participants, and by 
manipulating the timing of drug action; we will present 
examples for both from the current literature. A third 
and more hypothetical approach—the free choice para-
digm—is currently lacking empirical evidence that it 
will work under clinical conditions (see Table 16.1).

The following sections will briefly discuss (1) 
the apparent dichotomy between minimizing and 

maximizing the placebo response, (2) the assumptions 
of the ‘additive model,’ (3) the goals of the so-called ‘bal-
anced placebo design’ (BPD) and two potential alterna-
tives to the BPD, (4) the ‘balanced cross-over design’ 
(BCD), (5) a ‘delayed response test’ (DRT), (6) the advan-
tages and disadvantages of the use of ‘active placebos’ 
in different medical subspecialties, (7) the need for effec-
tive blinding, (8) the pitfalls of waiting-list controls and a 
potential alternative, (9) a placebo-controlled trial design 
without ethical concerns, and (10) ethical aspects that are 
inherent in all placebo research.

MINIMIZE VERSUS MAXIMIZE

While for randomized controlled trials (RCTs) mini-
mizing the placebo response and optimizing the drug–
placebo difference remains the gold standard for new 
compounds to be developed and selected for drug treat-
ment,1 the situation is different in experimental settings 
when it comes to investigating the placebo response 
and its interaction with drug effects: here, maximiz-
ing the placebo response may be a valid goal, because 
only with substantial variation in the placebo response 
between subjects may the psychosocial and physiologic 
predictors (mediators, moderators) of its size and nature 
become detectable.5

The ‘hidden treatment’6 is a valid example 
of how to generate high placebo responses that 
may even be used in patients without ethical  
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limitations: patients/volunteers receive a drug but are 
not informed when the drug is provided. In comparison 
to an open administration of the drug, which maximizes 
expectancy of symptom improvement, the hidden appli-
cation allows the effects of expectancy to be separated 
from the ‘true’ effects of the drug, as has been shown in 
a number of examples.7

Table 16.2 lists a variety of traditional and novel 
design features—usually employed in RCT—that may 
also be used in experimental settings to minimize the 
placebo response and allow a better discrimination 
between drug and placebo responses.

Most of these measures apply to RCTs during drug 
development, especially in Phase III trials aimed at 
optimizing drug–placebo differences (also called ‘assay 
sensitivity’).

Approaches that identified and excluded placebo 
responders at an early stage of an RCT (e.g. by placebo run-
in periods, repeated treatment phases with re-randomiza-
tion) could not prevent placebo responders at a later phase 
of the RCT. Randomized run-in and withdrawal periods 
appear to be more promising but so far have only rarely 
been tested for their efficacy to improve assay sensitivity.

Cross-over designs do not seem to optimize assay 
sensitivity either. If different treatment periods apply to 

TABLE 16.1 Design Alternatives to Separate the Drug Response 
from the Placebo Response

Manipulation Name of design

Of patient/volunteer information Balanced placebo design

Balanced cross-over design

Of drug application time Hidden treatment

Delayed release medication

Choice between drug and placebo Free choice paradigm

TABLE 16.2 Strategies used to Minimize the Placebo Response and/or to Optimize Drug–Placebo Differences

Design features Effects

Cross-over trials Potentiate the risk of learning (conditioning) and carry-over effects and increase the PR8

Use of placebo run-in phases Exclusion of responders does not prevent PR during the medication phase9

Increase the number of trial arms Increases acceptance due to higher chances of receiving medication but increases the PR10

Single-case (N = 1) studies Requires very high number of subjects, but the PR is difficult to assess11

Using active placebos Difficult for most drugs but would substantially increase drug-placebo differentiation12

Using a comparator drug Increases the acceptance to enter a drug study but also substantially increases the PR13

Repetitive treatment periods Re-randomization does not prevent PR and do not predict PR during all periods14

Use of drug let-in phases Helps identify drug non-responders and augments drug–placebo differences but is biased15

Randomized run-in/withdrawal May identify some but not all PR, allows better discrimination between drug and placebo16

Adaptive dosing Placebo responders tend to demand fewer dose adjustments, enrichment of groups increases the PR17

Preference design Reduces disappointment and drop-outs specifically in the placebo arm, optimal for CER18

Step-Wedge design (waiting list) Induces disappointment and drop-out, PR may show improvement during waiting19

Zelen design Allows ‘no-treatment control’ without randomization, improved separation of PR from natural course20

Cluster randomization Randomization of health service delivery units that either provide drug or placebo21

OTHER MEASURES

Patient reported outcomes (PRO) PROs instead of physician reports may decrease the PR to some extend22

Using biomarkers instead of PROs Biomarkers of drug efficacy may reduce the PR, biomarkers of the PR would be even better23

Standardize symptom severity Placebo responders are frequently patients with less severe symptoms at study entry24

Control for center effects Standardizing recruitment and separating it from study conductance may reduce the PR25

Personality profiling of PR Is possible, but currently no valid psychometric test exists that reliably predicts the PR26

Control for patient expectations Seldom done, may eliminate patients with inappropriate expectations and high PR27

Increase medication adherence Better adherence is associated with higher responses in the placebo arm28

Ensure effective blinding Incomplete blinding is frequent and the reason for drop-out in the placebo arm29

Responder analysis Allows post-hoc identification of the responder to endpoint definitions30
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the same patients, carry-over effects occur, and within-
subject variability of the placebo response hinders an 
adequate interpretation of trial results. Cross-over tri-
als have been questioned because treatments in the first 
phase may generate conditioning effects during the 
second phase. They also may lead to un-blinding of the 
study due to perceived differences in side effects. While 
the risk of un-blinding could be controlled for by using 
‘active placebos’ (see below) that mimic side effects of the 
drug under test, active placebos are difficult to develop 
and are therefore used only occasionally in a few clinical 
conditions, e.g. in the treatment of depression.

Recently, approaches to identifying drug responders 
rather than placebo responders during a run-in phase, 
or pre-selection of patients with previous exposure to 
a similar drug, were reported. This may improve assay 
sensitivity by increasing the drug–placebo difference, 
although this carries the risk of biasing and selected 
drug indication. Any previous treatment will affect a 
new therapy via conditioning and positive or negative 
expectation; therefore, documentation of the patient’s 
history of disease, the prior management of the disease, 
and the patient’s previous participation in RCTs need to 
become part of the baseline documentation in any RCT 
(see Enck et al1 for further discussion and references).

THE ‘ADDITIVE MODEL’ ASSUMPTIONS

RCTs usually determine the efficacy of the drug by 
subtracting the placebo response (in the placebo arm) 
from the response in the drug arm. The implicit assump-
tion of this ‘additive model’31 is that, in both the drug and 

the placebo arms, drug-nonspecific effects (that include 
the placebo effect) are equal (Fig. 16.1). This model 
reflects a general assumption in almost all placebo- 
controlled drug trials that have been performed since 
its dawn in the 1940s32. Interestingly the underlying 
hypothesis that the placebo response is equal in size, 
irrespective of whether an active drug or a placebo was 
given, has never been thoroughly tested.

The model has been questioned on theoretical 
grounds33 but also on the basis of empirical evidence.34 
One argument against the assumption is that ‘active’ pla-
cebos (see below) may produce different placebo effects 
as compared to inactive placebos.35

THE BALANCED PLACEBO DESIGN

The so-called ‘balanced placebo design’ (BPD) was 
traditionally used in the testing for expectancy effects of 
frequently consumed everyday drugs such as caffeine, 
nicotine and alcohol,36 more recently also with drugs 
such as marijuana.37

While one half of the study sample receives placebo, 
the other half receives the drug. Half of each group 
receives correct information while the other half receives 
false information on the nature of their study condition 
(drug or placebo) immediately prior to drug testing. 
This allows differentiation between the ‘true’ drug effect 
(those receiving the drug, but told that they received 
placebo) and the ‘true’ placebo effect (those receiving 
placebo, but told that they received the drug) (Fig. 16.2).

The central concept of the design is—as in the ‘ hidden 
treatment’ paradigm—to separate the ‘true’ effects of 
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FIGURE 16.1 The ‘additive model’ assumption (according to Kirsch31) (left) assumed the placebo effect to be equal in both study arms, while 
it may be that in the drug arm the placebo may be smaller or larger, depending on interactive effects of placebo and drug. (adopted from Enck et al1)
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a drug from the effects of expectancy that occur when 
participants and patients are given a pill and told that 
it may or may not contain the active compound. It has 
been shown that the likelihood of receiving the active 
treatment determines the size of both the drug response 
and the placebo response in clinical trials38 but also in 
experimental settings: the greater the likelihood of active 
treatment, the higher the response to both the drug and 
the placebo, solely attributable to the increased expec-
tancy.39 Maximal response difference between drug and 
placebo is achieved with a 50% chance when the chances 
of receiving either drug or placebo are equalized. This is 
thought to be associated with maximal reward activity  
in the brain, e.g. with maximal dopamine release in sub-
thalamic neurons.40

The ‘non-additive model’ according to Kirsch31 (see 
above, Fig. 16.2) can be tested in the following way. If the 
difference between Group 1 (drug plus placebo effect) 
and Group 2 (true drug effect) is unequal to Group 4 (true 
placebo effect), the non-additivity assumption is correct.

A variant of the BPD is the ‘half BPD’ in which all par-
ticipants are given placebos, but half of them are told that 
they are receiving the drug; this is a common design in 
current placebo research as it does not require approval 
for performing a drug study where the legal stakes are 
usually higher. However, effective double-blinding of 
such a study is difficult unless—as in a recent test in our 
laboratory41—the participants and the experimenter(s) 
conducting the study are made to believe that they are 
participating in a full BPD. In this study, male and female 
smoking and non-smoking volunteers were investigated 
for the effects of an assumed nicotine-containing chew-
ing gum for the effects on neurocognitive functions (go/
no-go task). A significant interaction of all three factors 
(information, smoking status, gender) was found, indi-
cating that the information that they had received nico-
tine shortened reaction times in smoking women and 
non-smoking men but increased reaction times in non-
smoking women and smoking men.41

One of the pitfalls of the BPD is the fact that all partici-
pants are informed (either correctly or falsely), prior to 

testing, whether and what they have received. In scepti-
cal participants (especially in medical students), this may 
raise doubts about the truth of the information provided 
and may require additional measures, such as a reliable 
explanation as to why the information is being given at 
all. This is usually done by informing them that once the 
drug is active, the information as to whether and what 
they received may no longer be relevant; however, the 
participants’ acceptance of such information is difficult 
to prove prior to the test, and its testing afterwards may 
be subject to other biases.

THE BALANCED CROSS-OVER DESIGN

In an attempt to overcome the serious limitations of 
the BPD, we designed another strategy that may account 
for some of the BDP limitations. In this case, participants 
are divided into four groups, and all are told that they 
are participating in a conventional randomized double-
blinded and placebo-controlled cross-over trial, in which 
they will receive both the drug and the placebo on two 
different occasions in a randomized and double-blinded 
order. However, only groups 2/3 will be exposed to 
drug and placebo in a balanced way; that is, half the 
participants will receive the drug first and the placebo 
on the second occasion, while the other half will receive 
placebo first and then the drug. Participants in Group 
1 will receive the drug twice, and those in group 4 will 
receive placebo twice instead (Fig. 16.3). In this case, 
groups 2 and 3 represent the conventional drug trial, 
assuming the ‘additive model’ for drug and placebo 
effects. In group 1, the minimal value of both measures 
represents the ‘true’ drug effect (plus other nonspecific 
effects), and the difference between both is the expec-
tancy component of the drug response. In group 4, the 
maximum value should represent the ‘true’ placebo 
effect (plus other nonspecific effects), and the difference 
between both values should be the expectancy compo-
nent of the placebo response. Comparing these expec-
tancy effects between groups 1 and 4 allows us to test 
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FIGURE 16.2 The ‘balanced placebo design’ (BPD): all participants are told that they are participating in a double-blind parallel-group design 
study. After drug intake, and immediately before testing, half of the participants in each group are given false and correct information on what 
they received. (adopted from Enck et al45)
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whether the expectancy component (the placebo effect) 
is equal under drug and placebo conditions—which is 
the assumption of the ‘additive model’. All other non-
specific factors are assumed to be equally effective in all 
the groups.

The balanced cross-over design (BCD) has one impor-
tant methodologic limitation. As with other cross-over 
designs, interference of learning effects needs to be kept 
in mind,42,43 and any adaptation or habituation between 
measurement 1 and measurement 2 should be mini-
mized, e.g. by increasing the time interval between the 
two. Its ethical limitation (deception) is similar to that 
of the BPD, with the exception that participants may 
receive a drug twice but expect to receive it only once; 
any risk involved in such a repetition of drug application 
would exclude the BCD from use, and it can be used in 
patients only when the deception is authorized.44

To our knowledge, this design has not so far been 
used in any experimental research, whether related to a 
drug or to the placebo response. An ongoing study in 
our laboratory testing the effects of a nicotine patch on 
neurocognitive performance in healthy volunteers45 will 
show its applicability and limitations.

THE ‘DELAYED RESPONSE’ TEST

Another unique experimental approach manipulat-
ing drug timing has—to our knowledge—never been 
explored in any placebo testing; this approach assumes 
that a drug can elicit its action at a predefined time point 
hours after ingestion, via either a coating technology46 
or a radio-transmitted mechanical capsule technology47 
for controlled release of the compound. Such technology 
has been used in many clinical conditions, such as diabe-
tes and Alzheimer’s dementia. In this case, a three-arm 
design (Fig. 16.4) would allow a very elegant proof of 
the additive versus non-additive model of the placebo 
response.

All participants receive the same information: that 
they will receive either a drug or placebo in a double-
blinded fashion, and no information is given about the 

timing of drug action; instead, a rationale (‘cover story’) 
is provided for prolonged drug action monitoring, e.g. 
for 24 hours.

Group 1 will receive the drug with immediate action, 
group 2 the respective placebo. Group 3 receives the 
delayed response medication, e.g. with drug release 
after 12 hours. To confirm the ‘non-additive model’, the 
placebo responses (P1, P2) should not be identical, the 
compound effects of drug and placebo (M1 + P1; M2 + P3) 
should also not be the same, but the drug effects (M1, 
M2) and placebo effects (P2, P3) should be equal (see  
Fig. 16.4 for the formula).

A variant of such a design that intended to elucidate 
the drug response in a clinical trial in Parkinson’s dis-
ease was recently described48: patients in the placebo 
arm are planned to switch from placebo to drug at some 
time point during the trial unbeknown to the patient and 
physician, but in this case pre-treatment with placebo 
may affect the later drug treatment by conditioning pro-
cedures.42 A better way of separating drug and placebo 
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FIGURE 16.3 The ‘balanced cross-over design’ (BCD): all participants are told that they are participating in a double-blind cross-over design 
study and will receive both drug and placebo; this is true for groups 2 and 3, while in groups 1 and 4 they receive twice the drug and the placebo, 
respectively. (adopted from Enck et al45)
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effects may be randomized run-in and withdrawal peri-
ods (see Table 16.2, above).

While the DRT has never been used in a laboratory 
setup for assessment of the placebo response, prelimi-
nary approval of the underlying hypothesis may be 
drawn from clinical studies that have used the delayed 
release technology in the treatment of patients, e.g. in 
5-ASA treatment of chronic inflammatory bowel dis-
eases49; in these studies, the placebo response should be 
overall lower as compared to immediate release medi-
cation. Unfortunately, the number of placebo-controlled 
studies using such technology is so far rather low to 
allow a reliable meta-analytic comparison.

ACTIVE PLACEBOS

Active placebos mimic the side effects of a drug under 
investigation without inducing its main effect in clinical 
trials. Active placebos in experimental research induce 
side effects which make the volunteer believe that he/
she has received active treatment (e.g. a pain medica-
tion); this may be achieved by any perceivable effect 
following a placebo application, e.g. by skin, olfactory, 
gustatory and other signals that are easy to induce and 
do not interfere with the function under test. Interest-
ingly, active placebos have rarely been used, either 
in clinical trials or in experimental placebo research. 
Among the few experimental studies that tested active 
placebos in comparison with inactive ones, Rief et al35 
recently showed that adding pepper to an otherwise 
inert nasal placebo spray increased the response rate 
(placebo analgesia) from under a 50:50 chance to 100%.

In clinical trials, active placebos are difficult to develop 
and are therefore used only occasionally in a few clinical 
conditions, e.g. in the treatment of depression.50 A 2004 
Cochrane meta-analysis51 reported only nine studies on 
751 patients with depression, all conducted/published 
between 1961 and 1984. In all of these cases, the ‘active 
placebo’ was atropine compared with amitryptilin or 
imipramine, and all but one study used a parallel-group 
design. While the overall effect size was in favor of 
active treatment, it was small compared with placebo-
controlled trials using inactive placebos, indicating that 
unblinding effects may inflate the efficacy of antidepres-
sants in trials using inert placebos.

All this argues strongly in favor of the use of active 
placebos. Without active placebos it is often difficult to 
decide whether drugs have beneficial effects because of 
their genuine action, or because they induce side effects 
that trigger positive outcome expectations. Albeit active 
placebos likely increase the placebo response, they may 
help to reduce false-positive results in drug testing.

Appropriate ‘active placebo’ procedures beyond drug 
treatment raise a number of other issues. We will briefly 

discuss the situation with surgery, acupuncture and other 
device-driven therapies, as well as physical therapy.

Surgery

While an ‘active placebo’ appears difficult to develop 
for drug treatment, it appears to be less problematic 
for medicinal interventions such as surgery. ‘Sham 
surgery’52 leaves visible marks (scars) and induces 
side effects (pain, wound healing), forcing patients to 
believe that they underwent true surgery. The few well-
conducted sham surgery trials for knee orthoarthritis53 
and for Parkinson´s disease54 showed equal efficacy of 
surgery and sham surgery; however, they have raised 
ethical concerns55 as the placebo procedure itself carries 
substantial risks (risks that are different from placebo 
administration in drug trials) such as wound infections 
and anesthesia risks.56

Acupuncture

While in the past, clinical efficacy of acupuncture was 
regarded as predominantly driven by placebo effects, 
recent RCTs and their results have changed this view57 
and attributed analgesic effects of acupuncture to neuro-
physiologic mechanisms.

A commonly used sham procedure in acupuncture 
 trials is ‘minimal acupuncture’ by inserting a needle either 
at or near a conventional needling point and providing 
low-grade stimulation, e.g. with a lower intensity  electrical 
stimulation or by only inserting the needle. It seems to be a 
specifically valid ethical argument to perform  acupuncture 
trials in acutely ill patients because therapy is not with-
held; only the degree of intensity of the therapy is differ-
ent. This procedure resembles medicinal studies where a 
low (and likely ineffective) dose is compared with higher 
dosages of the drug under investigation.

As is evident from published trials,58 minimal acu-
puncture is often as effective as true acupuncture. In 
the review by Lundberg et al,59 the six studies that used 
this control condition yielded similar, though somewhat 
lower, response rates compared with acupuncture—but 
overall substantial improvement in clinical conditions. 
The largest acupuncture trial so far, the German Acu-
puncture Trial for Chronic Low Back Pain (GERAC)60 
that included more than 1000 patients, revealed that 
both acupuncture and sham acupuncture were equally 
effective and superior to conventional treatment alone.

Lundberg et al,59 and the same group in other 
papers,61,62 argue that minimal acupuncture is ‘not a 
valid placebo control’ due to the physiologic effects that 
minimal acupuncture procedures are able to elicit. How-
ever, as long as the correct conclusion is drawn from the 
study, i.e. that efficacy is confirmed only if the differ-
ence between both study arms is significant, the use of 
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minimal acupuncture requires only higher efficacy of the 
true procedure. It is a conservative statistical argument 
(against overestimating the acupuncture efficacy) if the 
control condition simulates as many features of the true 
procedure as possible.

To overcome the need for an appropriate sham acu-
puncture procedure in respective trials, Streitberger 
et al63 and subsequently others developed specific sham 
acupuncture needles by either blunting64 or by blunting 
and shortening true acupuncture needles,40 or by using 
needles of similar appearance that do not penetrate the 
skin but retract telescopically into the needle handle, 
invisible to the patient.65 These devices have been vali-
dated for efficacy and specifically for blinding66,67 and 
appear to work properly. In the study by White et al,68 
the ‘Streitberger needle’ was able to hide the assignment 
to the true and sham acupuncture group in acupuncture-
naive participants (Fig. 16.5).

A similar situation exists with other ‘technical’ 
interventions such as transcutaneous electrical nerve 
stimulation (TENS), laser stimulation, and transcranial 
electrical or magnetic stimulation where non-effective 
or less effective stimuli and/or stimulation of adjacent 
body parts can be used as sham treatment targets. It has 
also been shown that ‘sham devices’ produce a greater 
placebo response than does a placebo pill for the same 
condition.69

Physical Therapy

Development of appropriate ‘active’ control or sham 
procedures becomes complicated again with physical 
therapies (massage, Kneipp applications, gymnastics 

and similar). In all of these cases, false interventions may 
be unethical as they may induce harm, and the risk of 
unblinding of the patient may be high, resulting in non-
acceptance of randomization or early withdrawal in the 
control group.70

EFFECTIVE BLINDING

In a systematic review by Boutron et al,71 blinding 
methods were classified according to whether they pri-
marily focused on blinding of patients or health-care 
providers, or the evaluators of treatment outcomes. They 
identified 819 articles, of which more than 50% described 
the method of blinding. Methods to avoid unblinding of 
patients and/or health-care providers involved the use 
of active placebos, centralized assessment of side effects, 
patients informed only in part about the potential side 
effects of each treatment, centralized adapted dosage, or 
provision of sham results of complementary investiga-
tions; blinding of evaluation included the use of video, 
audiotape, or photography, or adjudication of clinical 
events.

In a systematic review of 126 trials with different 
treatment options for low-back pain, Machado et al72 
investigated appropriate and inappropriate blinding 
procedures, among them 10 acupuncture trials using dif-
ferent sham control strategies.

With respect to acupuncture, only four of the studies  
assessed by Machado et al72 assessed whether sham 
 acupuncture can be distinguished from true acupunc-
ture, and only two used acupuncture-naive participants, 
making it likely that in the others that the assumed 
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‘inertness’ and blindness of the sham procedure may 
have been unmasked. The review by Madsen et al73 
noted that in their 13 meta-analyzed trials none had 
blinded the acupuncturist.

However, these problems are not specific to acupunc-
ture trials, as with the other non-medicinal treatment 
options for low-back pain—back school, behavioral 
treatment, electrotherapy, exercise, heat-wrap therapy, 
insoles, magnet therapy, massage, neuroreflex therapy, 
spinal manipulative therapy, traction—similar incom-
plete blinding problems were noted, while drug trials 
usually comply with this condition.

While many studies state that they are double-
blinded, they rarely report how effective the blinding 
actually was. In 1986, Ney et al74 stated that the effective-
ness of blinding was assessed in less than 5% of studies 
conducted between 1972 and 1983. Twenty years later, 
Hrobjartsson et al75 identified 1599 blinded randomized 
studies and found that only 31 (2%) reported tests for 
the success of blinding. Even then, only 14 of 31 studies 
(45%) reported that blinding was successful. Boehmer 
and Yong76 consequently asked for inclusion of the eval-
uation of the effectiveness of blinding in RCTs, but this 
request should also be extended to experimental studies.

NO-TREATMENT AND WAITING-LIST 
CONTROLS

All RCTs need to control for ‘spontaneous variation 
of symptoms’ that occurs with all medical conditions, 
and especially with chronic diseases, as they are part of 
the ‘nonspecific effects’ seen in both arms of drug trials 
(Fig. 16.6). To separate ‘spontaneous variation’ from ‘pla-
cebo responses’, a ‘no-treatment’ control group appears 

necessary in order to determine how much of the nonspe-
cific effects can be attributed to spontaneous variation and 
recovery. Because this is rarely done for ethical reasons 
(see below), the exact size of the contribution of spontane-
ous variation to the placebo response is known only for 
minor and benign clinical conditions and may account 
here for approximately 50% of the placebo effect.77

In experimental settings, ‘no treatment controls’ may 
serve to control for habituation and sensitization effects 
that may occur with repetitive stimulation, e.g. in pain 
and placebo analgesia experiments.

Waiting-list (WL) and ‘treatment as usual’ (TAU) are 
common control strategies in all non-medication trials 
in which an inert ‘placebo’ treatment is difficult to pro-
vide, such as in psychotherapy, physical rehabilitation, 
surgery, and ‘mechanical’ interventions (TENS, mag-
netic stimulation, laser, acupuncture). While some of 
these therapies have developed their own strategy (e.g. 
sham surgery, see above), others have to rely on WL and 
TAU. Their limitations are that patients’ expectation of 
receiving effective therapy is in conflict with being ran-
domized to routine treatment (which most of them will 
already have experienced) and to delays in the onset of 
therapy (which may increase the placebo response, but 
also drop-out rates). This may significantly affect recruit-
ment and compliance in trials, and may lead to biased 
patient populations in respective studies.4

According to a review by Lundeberg et al,61 of nine 
trials in migraine (n = 3), low-back pain (n = 3), and osteo-
arthritis (n = 3), one-third used WL and/or TAU only to 
control for nonspecific effects. In the meta-analyses of 
Moffet,58,78 22 of 36 studies used TAU and other non-
acupuncture therapies, of which most (n = 18) reported 
significant clinical efficacy without controlling for the 
placebo effect.
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In contrast, ‘no treatment’ control groups have been 
mandated by critiques of the current placebo discus-
sion79,80 to account for spontaneous variation of symp-
toms in many clinical trials that may falsely be attributed 
to the placebo response. When they meta-analyzed stud-
ies,77 they found that about half of the placebo response 
can be attributed to spontaneous remission; this was 
also true for included pain trials. They also noted that 
the number of studies using no-treatment controls is 
low, that they often involve benign clinical conditions 
(smoking cessation, insomnia), and that they most often 
include non-medicinal interventions such as psycho-
therapy and acupuncture.

Evidently, WL controls, as well as TAU, lack credibility 
to serve as proper control groups in many clinical areas, 
and certainly do so where pain patients ask for ther-
apy. According to recent meta-analyses81,82 many drug 
studies in acute and chronic pain are conducted with 
comparator drugs rather than with placebos for ethical 
reasons. However, comparative effectiveness research 
(CER) studies lack the possibility of assessing the pla-
cebo response at all, but such studies have been shown 
to enhance the drug response (compared with placebo- 
controlled trials of the same compounds) by 100%—
solely by the patient’s expectation of receiving a drug.83

Recently, novel designs have been developed to 
account for these disadvantages of WL and TAU in 

RCTs.1 Among them, the ‘preference design’19 asks for 
patients’ preference (usually in CER) before patients 
with no preference are randomized to treatment arms. 
The step-wedge design84 randomizes patients to differ-
ent treatment groups that are stacked (immediate start, 
beginning after 8 weeks, after 16 weeks etc.) so that wait-
ing becomes less of a disappointment, and waiting time 
allows assessment of spontaneous variation of symp-
toms. An even more acceptable strategy for patients is the 
(classical or modified) Zelen design20 (Fig. 16.7). This sep-
arates recruitment for an observational study for spon-
taneous symptom variation (the ‘no-treatment’ control) 
from randomization for an interventional study, either 
placebo-controlled or as a CER study.

All of these design features are usually not applicable 
to experimental studies in the laboratory. In experimen-
tal research, ‘no treatment’ controls have become the 
standard to evaluate habituation/adaptation to repeti-
tive stimuli.

THE FREE-CHOICE PARADIGM

The free-choice paradigm (FCP) breaks most radi-
cally with current traditions in clinical and experimental 
placebo research by introducing the option of choosing 
between drug and placebo for the patient/volunteer.85
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Study evaluation
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FIGURE 16.7 Schematics of the so-called Zelen design20 that separates recruitment for an observational study from recruitment for an inter-
vention study. (adopted from Enck et al1)
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The design allows volunteers/patients to choose 
between two pills different in color. They receive the 
correct information that one contains the drug while  
the other contains the placebo, but that conditions are 
double-blinded. In this case there is no obvious decep-
tion, and hence ethical limitations are minimal; fur-
thermore, the dependent variable for measuring drug 
efficacy is the choice of behavior rather than reported 
symptoms or symptom improvement.

The design does not manipulate the information pro-
vided to participants and patients, neither does it manipu-
late the timing of drug release, both kinds of manipulation 
being common when novel designs are proposed in 
experimental studies on the placebo effect in healthy 
volunteers.45 It thus avoids ethical concerns (deception) 
if patients are included. It also increases the number of 
events that can be used for evaluation of drug efficacy, 
e.g. superiority of drug over placebo by computing.

One has, however, to make sure that patients indeed 
select and do not take both pills simultaneously, thus 
undermining the intention of the design. It further has 
to be ascertained that technical solutions have been 
installed to warrant appropriate compliance, to prevent 
over-dosage, and to monitor drug intake.

Other restrictions may be short-acting effects of the 
drug, the need for steady drug levels, the effect on symp-
toms rather than on biochemical disease indicators— 
and hence symptomatic endpoints rather than disease 
biomarkers. In this case, the primary outcome measure 
of drug testing is the ‘selection behavior’ of patients  
(Fig. 16.8).

The FCP maybe regarded as a modification of the 
‘adaptive response design,’86 the ‘early-escape design’87 
and other adaptive strategies.88 It may offer an alterna-
tive approach to common drug test procedures, although 
its statistics have still to be established.

Other requirements of such an approach may be due 
to the fact that the patient is allowed to switch to the other 
condition at any time, hence, the pharmacodynamics of 

the compound under investigation have to be appropri-
ate, e.g. the speed of action, and the feasibility of on-
demand medication. It would, on the other hand, allow 
assessment of drug efficacy via the choice of behavior 
rather than with symptomatic endpoints.

As the FCP most radically breaks with some of the 
current principles of RTC trials, its consequences on the 
purpose of randomization need to be considered. Ran-
domization (but not yet double-blinding) of patients to 
either the treatment or the placebo group was introduced 
with the British Streptomycin Trial in Tuberculosis as 
late as 1948, more than 100 years after introducing pla-
cebo treatment into drug testing.32 Its purpose is to pre-
vent selection bias, i.e. the biased decision of the treating 
doctor to allocate one patient to active treatment and the 
other to placebo treatment. It thereby also balances other 
potential confounders of treatment efficacy in both treat-
ment arms. Randomization is not necessary to balance 
the number of patients in all treatment arms, as this is 
usually decided upon by statistical power analysis on the 
one hand and on design issues on the other hand (dose 
range testing, comparator drug testing, enrichment trials 
etc.).1 The FCP may eventually end up with quite unequal 
numbers of those choosing drug or placebo, but this 
would be its advantage because it would indicate statisti-
cal superiority of drug over placebo (see Fig. 16.8), and 
avoids unnecessary placebo treatment in many patients.89

With the FCP, no randomization is needed as all 
patients have the choice between drug and placebo at 
predefined time points. Because reasons to alter from one 
day to the next may vary within and across patients, they 
need to be assessed continuously, e.g. by symptom dia-
ries, and may be taken as covariates in the efficacy analy-
sis. As with conventional designs, unblinding may be an 
issue in the FCP: adverse events rather than the course of 
symptoms may indicate which is the drug and which the 
placebo, and thus may determine the choice of behavior. 
This also requires additional data to be monitored. It may 
also be combined with other design features common in 
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conventional trial designs, e.g. active placebos that mimic 
the side effects of the drug under investigation (see above).

While, in conventional RCTs, unequal dropout rates 
between the drug and placebo arm mirror superiority 
of drug over placebo—but also carry the potential for 
unblinding of the study—the FCP overcomes this disad-
vantage by substantially increasing the number of ‘events’ 
that can be taken as statistical significance (Fig. 16.9).

A procedure similar to the FCP has been used occa-
sionally in optimizing dosage of drugs86 in clinical tri-
als. Its methodology and statistics in assessing drug 
superiority over placebo have not been validated, and 
it is not able to overcome the ‘additive model’ assump-
tions31 by separating expectancy and true drug effects; it 
may, however, provide a better estimate of both by using 
regression functions over time per patient rather than 
average response rates across treatment groups.

ETHICS OF PLACEBO RESEARCH

Conventional RCTs imply that patients are properly 
informed about their relative chances of receiving pla-
cebo, that they do understand its meaning, and that 

they do agree to it, although it has been shown that 
this may not always be the case.90 Even so, RCTs have 
been questioned for ethical reasons: they withhold effec-
tive therapy for a large proportion of the patients, and 
this is in conflict with the ethical rules of the Declara-
tion of Helsinki.91 Increasing the number of patients in 
the active treatment arm (e.g. in enrichment trials, see 
above) or even testing novel drugs against a compara-
tor drug offers only a ‘sham’ solution but creates an 
ethical paradox92: by increasing the number of actively 
treated patients for ethical reasons, more patients need 
to be enrolled in the study to demonstrate superiority (or 
non-inferiority in comparator trials), and this again con-
tradicts the Declaration of Helsinki’s rule that the least 
number of patients possible should undergo drug test-
ing in RCTs while all others should receive the best treat-
ment available. This apparent contradiction between 
ethics on the one hand and methodologic requirements 
on the other hand is even more evident with the need 
for ‘no-treatment’ controls as discussed above: leaving 
patients without any treatment for methodologic rea-
sons is unacceptable unless TAU is highly effective or 
other solutions (such as the Zelen design, see above) are 
applicable.

FIGURE 16.9 Fictive draft and calculation of a clinical trial using a conventional double-blinded randomized placebo-controlled (DBRPC) 
trial and the free-choice paradigm (FCP). (adopted from Enck et al85)
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The situation is somewhat different in experimen-
tal placebo research: as is obvious, manipulating either 
timing of drug application, or the information provided 
with the application of a drug, are deceptive procedures 
and therefore excluded from use in patients. Ethical pro-
visions are less strict in healthy participants who will 
not experience harm in experimental settings beyond 
temporary discomfort (such as experimental pain of 
short duration). However, it should be noted that ethi-
cal standards are equal for studies in healthy people and 
patients, and patient studies are, for one reason only, to 
be treated differently: patients usually seek health care 
and not participation in experimental or clinical tri-
als, while healthy volunteers seek monetary or other 
reward when responding to calls for participation in an 
experiment.

A further complicating issue for both experimen-
tal and clinical studies is the inclusion of children and 
adolescents: while we know that the placebo response 
is higher in children, as compared to adolescents, and 
in adolescents as compared to adults,93 current legal 
and ethical rules for the inclusion of children into ran-
domized, double-blinded and placebo-controlled trials 
are far from being clear and are, to some degree, even 
contradictory.

Guidelines of the National Institutes of Health (NIH)94 
and the Food and Drug Administration (FDA)95 in the 
USA, and the European Medicines Agency (EMA),96 all 
explicitly call for the need to include children into the 
testing of novel compounds as long as no specific rea-
sons argue against it,97,98 as drugs should not be used in 
children without such tests, and their use is based merely 
on dose adjustments from doses for adults (e.g. based on 
body weight). The current practice of not including chil-
dren is reflected in the missing data on placebo response 
rates and placebo effects in children.93

In contrast to the policy of drug approval authori-
ties, the Declaration of Helsinki (DoH) of the World 
Medical Association (WMA) in its current version (as of 
2008)99 does not explicitly mention children but includes 
them among all ‘incompetent’ persons that are not to be 
included in placebo-controlled trials unless important 
reasons argue in favor of such inclusion, e.g. no ade-
quate medication available that is approved for use in 
adults.100

Common to both sets of rules is that children can be 
included into trials only after careful consideration of 
the risks and benefits.

The ethical limitations of performing placebo experi-
ments in both healthy volunteers and patients may be 
avoided only by a procedure called ‘authorized decep-
tion’: they are informed prior to carrying out the study 
that—at some point during the procedure—they will be 
misinformed about one or another feature of the study 
design. If they still agree to participate, the requirements 

of fully informed consent are met. This procedure has 
been shown not to corrupt data collection in a placebo 
analgesia experiment.101 It resembles a clinical analogue 
procedure called ‘patient authorized concealment’102 
when patients authorize their doctors to e.g. not disclose 
a fatal diagnosis during a clinical work-up.103

Finally, it has been shown that full information of a 
placebo application may still generate substantial clini-
cal improvement when performed properly, and patients 
do not misunderstand the information that receiving a 
placebo pill implies no improvement.104 Such a proce-
dure is, however, unlikely to work in an experiment with 
healthy volunteers. Any change in e.g. placebo analge-
sia in a laboratory setting will need to be controlled for 
habituation/adaptation responses using a ‘no-treatment’ 
control group (see Table 16.2, above).

SUMMARY

With growing knowledge of the mechanisms behind 
the placebo response in drug trials and clinical rou-
tine,68 different methods have been developed over the 
last 50 years of placebo-interested research to identify, 
characterize and modulate the placebo response in 
individuals, but also to minimize it in RCTs.1 Among 
the designs that manipulate information, the BPD and 
the BCD are not applicable to patients without autho-
rized deception. Manipulating timing of the drug, such 
as in the hidden treatment and the DRT, may be more 
acceptable but is still limited to experimental settings. 
In RCTs, ‘active placebos’ and sham controls for non-
drug therapy are difficult to develop, and effective 
blinding has to be secured. Waiting-list controls and 
treatment-as-usual are inappropriate control strategies 
unless combined with novel approaches such as the 
Zelen design.
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There is a wealth of evidence demonstrating improve-
ment following placebo treatment. Expectancy is one 
of the primary mechanisms by which placebos are 
proposed to elicit their effects, whether established 
via suggestion alone, conditioning, or a combination. 
However, there are other psychological processes that 
can bias responses to placebo treatment and that may 
lead to over- or underestimation of the placebo effect.  
This chapter reviews three such psychological processes 
that are commonly cited as potential explanations for 
changes following placebo treatment for pain, particu-
larly when self-reported outcomes are used (as is often 
the case for pain), namely, demand characteristics, the 
Hawthorne effect, and response shift. Understanding 
how these processes can affect treatment responses is 
important for evaluating evidence for the placebo effect 
and estimating the extent to which the placebo effect can 
be harnessed in order to improve beneficial outcomes 
and reduce adverse outcomes.

THEORETICAL MODEL

Before reviewing evidence for these three processes, it 
is worth outlining a theoretical model for how they could 
contribute to treatment responses following placebo 
administration. This model is presented in Figure 17.1. 
It is important to emphasize that this model is in no way 
intended to be a complete model of the placebo effect. 
For example, it ignores factors, such as desire, that are 
reviewed elsewhere in this book (see Ch 20). Instead, the 
model simply aims to highlight that several processes can 
influence responses to a placebo treatment, but that not 
all of the processes constitute a genuine placebo effect.

The model begins with the treatment context, which 
can lead to expectancies directly, e.g. via suggestion, 
or indirectly via classic conditioning (see Mitchel et al1 
and Lovibond and Shanks2 for a detailed discussion of 
the relationship between conditioning and expectancy). 
These expectancies have been proposed to produce pla-
cebo effects in a number of ways, including unmediated 
and mediated effects. To account for unmediated expec-
tancy effects, Kirsch3 explains that under any non-dualist 
account of psychology, all  psychological states must have 
corresponding physiological states, referred to as the 
mind–body identity assumption. Adopting this approach 
means that any change in  psychological state, such as 
changes in expectancy, are accompanied by a physiologic 
change. In this way, Kirsch,3 argues that expecting pain 
relief can produce a genuine and unmediated reduction 
in pain because of the physiological changes that corre-
spond to the reduced expectancy.

Mediated expectancy effects could occur through pro-
cesses such as behavior change, perceptual change, and 
emotion change (see Stewart-Williams4 for a review). 
Behavioral change occurs when the patient or partici-
pant modifies his/her behavior in response to receiving 
treatment. For example, patients experiencing chronic 
pain may feel more confident engaging in daily activi-
ties after receiving a treatment, and this may lead to 
improvements in actual pain. Perceptual change refers 
to changes in the way a patient or participant attends 
to his/her bodily symptoms and may also be affected 
by the receipt of treatment. For instance, a patient in 
chronic pain may attend less to their pain as a result of 
receiving treatment compared with a patient who is not 
receiving treatment and this may reduce his/her over-
all experience of pain. Emotional change refers to the 
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situation when delivery of treatment elicits an increase 
or decrease in emotions. For example, receiving treat-
ment may reduce a patient’s anxiety about his/her pain, 
which may in turn reduce the intensity of pain.

In addition to direct and indirect effects of expec-
tancy, however, the treatment context could also pro-
duce response shift, demand characteristics, and the 
Hawthorne effect. All of these can lead to changes in 
the way a symptom is reported in the absence of any 
real change in the underlying condition via reporting 
bias. In addition to this, demand characteristics and 
the Hawthorne effect may produce real changes in the 
underlying condition if they generate behavior modifi-
cation, but these effects are generally not considered to 
constitute genuine placebo effects because they are arte-
facts to do with simply participating in a study or being 
under observation. They would not be maintained if the 
patient or participant was still receiving treatment, but 
was no longer under observation.

Thus, a key factor in this model is the distinc-
tion between the observed response and the placebo 
effect. The observed response encompasses all changes 
that occur following placebo treatment, regardless  
of whether or not they reflect real changes in the 

underlying condition or are artefacts of the treatment 
context. The placebo effect is more specific and refers 
only to genuine changes in the underlying condition 
that are not artefacts of the treatment context. Seen in 
this way, it becomes clear that there are many potential 
factors that can influence responses to placebo treat-
ment and that understanding these factors is important 
for accurately estimating the magnitude and reliability 
of the placebo effect.

It is worth noting here that some authors have argued 
against the use of the term placebo effect in favor of 
terms such as the ‘meaning response’,5 context effects,6 
and the care effect.7 These approaches aim to highlight 
the fact that this phenomenon is not constrained to situ-
ations in which a dummy treatment, e.g. sugar pill or 
saline injection, is administered. However, we do not 
consider the term placebo effect as being limited to such 
situations and prefer its use, given that it is the term pre-
dominantly used throughout medicine and other related 
areas. In addition, while it is common to separate posi-
tive and negative effects into placebo and nocebo effects, 
respectively, in the current chapter we use the single term 
‘placebo effect’ to refer to all such effects. This is because 
we consider that the psychological processes discussed 

FIGURE 17.1 Theoretical model for how expectancy and other psychological processes can produce responses following placebo treatment. 
While the context in which placebo (or other) treatment is delivered can produce genuine placebo effects via expectancies, it may also produce 
responses via other processes such as demand characteristics, the Hawthorne effect, and response shift. All of these effects contribute to the 
observed response, but only genuine changes that are not artefacts of the context constitute the placebo effect. Dark gray boxes correspond to 
components of a genuine placebo effect. Light gray boxes correspond to components that could produce a placebo effect, but may also produce 
bias in the observed response. White boxes correspond to components that only produce bias.
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below apply equally to positive and negative responses 
to placebo treatment. Attention now turns to processes 
that could bias responses to placebo treatment for pain.

DEMAND CHARACTERISTICS

Demand characteristics refer to the possibility that 
participants and patients may modify their responses in 
order to conform to their expectancies about the aims of 
the study or treatment they are taking part in.8 This can 
lead to bias when evaluating the effects of a  treatment 
(placebo or otherwise) if the demand characteristics 
differ between the two groups being investigated. For 
example, in an open-label trial of a new analgesic, par-
ticipants receiving treatment would be much more likely 
to believe that the researchers are expecting them to 
improve compared with a no-treatment control group. 
If these demand characteristics encourage participants 
receiving treatment to report more improvement than 
those in the control group, then the trial may provide 
a biased estimate of the true efficacy of the treatment. 
The same applies to placebo treatment. If a participant 
receiving placebo treatment is inclined to report more 
improvement simply because that is what they believe 
their physician hopes to achieve, then an improvement 
in the patient’s reported pain may occur in the absence 
of any genuine improvement, and this bias would lead 
to an overestimation of the placebo effect.

An early demonstration of demand characteristics 
comes from a study by Orne and Scheibe.9 In their study, 
healthy volunteers were led to believe that they were 
 taking part in an experiment on a form of meaning depri-
vation. Two groups of participants were asked to sit alone 
in a chamber with a one-way  researcher-to-participant 
mirror for an undisclosed amount of time. In the experi-
mental group, various props were included in order to 
give the participants the impression that the research-
ers expected the deprivation would lead to distress and 
cognitive impairment. As part of this participants in this 
group were shown a tray of emergency medications and 
had a panic button which they could press to end the 
experiment. Participants in the control group were not 
exposed to these props, but were simply told to knock 
on the one-way mirror if they wanted to terminate the 
experiment. Interestingly, participants in the experimen-
tal group reported more deprivation symptoms and had 
poorer cognitive performance on some tests than those 
in the control group. Given that the actual deprivation 
was identical across groups, this suggests that increased 
deprivation symptoms in the experimental group were 
attributable to the demand characteristics created by the 
props.

While the study of Orne and Scheibe9 is considered 
a classic demonstration of demand characteristics, it is 

worth evaluating whether or not such an effect should 
only be considered as a form of bias. The authors them-
selves proposed that expectancy could account for the 
increased deprivation symptoms in the experimental 
group. That is, exposure to the additional cues in the 
experimental group could have caused that group to 
expect the deprivation to be more aversive and these 
expectancies may have caused a genuine increase in 
deprivation symptoms, either directly or indirectly via 
emotion change. This would be distinct from the par-
ticipants in the experimental group simply reporting 
more deprivation symptoms because they believed that 
is what the researchers were hoping to find. Thus, the 
extent to which contextual cues and the demand char-
acteristics they create should be considered a source of 
bias may depend on the type of effects they create. In the 
context of the placebo treatment, demand characteristics 
that produce genuine changes as a result of the expectan-
cies they activate could be considered as an important 
part of the placebo effect. Demand characteristics that 
lead participants to adjust their responses, even in the 
absence of any real change, however, remain a source of 
bias that contributes to the observed response to a treat-
ment and that could lead to over- or underestimation of 
the placebo effect.

Given this distinction, it is important to determine 
the extent to which demand characteristics can bias 
outcomes in studies on pain, as these studies generally 
rely on subjective ratings of painful stimuli. Relatively 
few studies appear to have addressed this question.10–12 
However, those that do exist suggest that pain ratings 
are amenable to demand characteristics. For example, 
Roche and colleagues12 randomized participants under-
going cold pressor-induced pain to receive training in 
 acceptance-based or control-based strategies for deal-
ing with pain and then re-randomized them to either 
high or low demand characteristics. In this case, high 
demand characteristics involved close contact with the 
experimenter and statements such as: ‘I need you to do 
your best for me’. They found a main effect of demand 
characteristics with participants in the high demand 
characteristics groups keeping their hand submerged in 
the cold water for longer than those in the low demand 
characteristics groups. This effect also appeared to inter-
act with type of treatment, in that the largest difference 
between high and low demand was in the acceptance-
based training groups.

Demand characteristics are a very real possibility 
when administering placebo treatment. This is because 
almost all placebo interventions involve clear (albeit 
often deceptive) suggestion about the aim of the inter-
vention. That is, generally when placebo treatment is 
administered, there are very clear cues indicating that the 
clinician or researcher is hoping or expecting the patient 
or participant to improve and this might encourage 
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reporting of improvements, even in the absence of any 
real improvement.

At least two studies suggest that demand charac-
teristics can influence pain ratings following placebo 
administration.10,11 In these studies, signal detection 
theory was used to investigate the extent to which pla-
cebo administration affected pain ratings and pain sen-
sitivity, separately. Signal detection theory is a method 
of differentiating a person’s ability to discriminate the 
presence and absence of a stimulus (or different stimulus 
intensities) from the criterion the person uses to make 
responses to those stimuli.13 It can be used to provide an 
estimate of pain sensitivity, that is, the actual experience 
of pain including the ability to discriminate between 
painful stimuli of varying intensities, versus response 
bias, which reflects the criterion an individual uses for 
making the behavioral response, i.e. the pain rating. In 
both studies applying this technique to placebo treat-
ment for pain,10,11 the placebo treatment reduced pain 
ratings, but failed to reduce actual pain sensitivity. On 
this basis the authors argued that the reduction in pain 
ratings following placebo treatment could be attributable 
to the demand characteristics created by suggesting that 
the participants would experience pain relief because, if 
the placebo treatment actually reduced pain, then both 
pain ratings and pain sensitivity should have decreased.

These results suggest that demand characteristics 
could account for a significant proportion of responses 
to placebo treatment, whether in research or in the clinic. 
However, it is worth noting that despite being raised as 
a common potential limitation to research on the pla-
cebo effect (and many other areas of psychology), there 
is fairly limited empirical research on demand character-
istics and the circumstances most likely to produce them, 
especially in non-laboratory settings.14 Further, in the 
limited research that does exist, there have been some 
notable failures of replication. For example,  Barabasz 
and colleagues15 failed to replicate the study of Orne and 
Scheibe9 described above. While such failures of replica-
tion could be due to numerous factors, the general lack 
of empirical research on demand characteristics makes it 
difficult to estimate the magnitude and reliability of these 
effects in studies on the placebo effect. Thus, while they 
are very difficult to rule out, it is possible that demand 
characteristics are overstated as a potential explanation 
for observed placebo effects.

THE HAWTHORNE EFFECT

The Hawthorne effect refers to when knowledge 
of being under observation affects a participant’s or 
patient’s behavior/responses. The effect was coined as 
a result of research conducted from the mid-1920s to 
the early 1930s at the Hawthorne plant of the Western 

Electric Factory.16–19 Textbooks and other sources gen-
erally describe this research as a series of experiments 
aimed at determining the optimum conditions (e.g. 
lighting, number of breaks, pay structure) for maxi-
mizing the output of factory workers with the curi-
ous finding that no matter what the conditions were 
changed to, productivity relative to pre-study baseline 
increased, even when original baseline conditions were 
restored following the experimental manipulations.20 
The most common interpretation of this effect is that  
changes in the workers’ productivity were due to the fact 
that they were under observation, not the actual condi-
tions in which they were working.20 Mechanisms gener-
ally proposed to account for the Hawthorne effect are 
extra attention, the novelty of the situation, or confor-
mity to the perceived expectations of the researchers.21

Given that participants and patients are generally 
aware that they are under observation when they receive 
treatment (placebo or otherwise), the Hawthorne effect 
may have a significant influence on their responses to 
the treatment. As such, any responses to placebo treat-
ment could occur simply as a result of the participant 
or patient being under observation, rather than the pla-
cebo treatment per se. Some have even suggested that in 
certain treatment contexts, the Hawthorne effect may be 
stronger than any genuine placebo effect itself.22

However, the Hawthorne effect does not appear to be 
as robust as is commonly proposed. In fact, the common 
textbook description and interpretation of the original 
research at the Hawthorne factory that led to the defini-
tion of the effect misrepresents the actual findings.20,21,23,24 
Kompier,20 for example, conducted a detailed review of 
the original studies16–19 and concluded that consistent 
increases in productivity, regardless of the conditions, are 
not supported by the data. Further, he argues that even 
if the research had shown continued increases in pro-
ductivity, the use of a pre-post design without a control 
group would limit the validity of the research. A similar 
analysis is provided by Jones.23 He analysed the raw out-
put data reported in the original studies16–19 to determine 
whether there were any consistent changes in output 
across the experimental manipulations and concluded 
that there was slender, if any, evidence for a  Hawthorne 
effect. As such, the existence of a clear Hawthorne effect 
in the original research appears largely overstated.

Of course, a misrepresentation of the original research 
does not mean that the Hawthorne effect itself does 
not exist. It does, however, mean that other evidence 
is needed in order to establish if and to what extent 
such effects do occur. To this end, Adair21 reviewed 
studies involving explicit controls for the Hawthorne 
effect, most of which were educational interventions. 
The control groups attempted to account for ‘inciden-
tal’ components of the intervention, such as extra atten-
tion, awareness of being in a study, and the novelty of 
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the situation, which are commonly proposed mecha-
nisms of the Hawthorne effect. Notably, he found only 
weak evidence that these factors could influence out-
comes. Interestingly, however, Adair21 did argue that if 
the Hawthorne effect exists, then it is most likely to be 
a product of the participants’ or patients’ expectancies 
about how they should respond, rather than attention 
or other factors associated with simply being observed. 
That is, the Hawthorne effect may simply be a case of 
demand characteristics.

Two studies relevant to placebo effects for pain 
provide some support for this interpretation. In one, 
patients undergoing knee arthroscopy were randomized 
to receive standard pre-surgery information, i.e. with no 
indication that they were part of a study, or to additional 
information that they were part of a study on the accept-
ability of the anesthetic procedure being employed.25 
Participants who received the additional information 
reported better psychological wellbeing, less knee pain, 
and fewer adverse effects following the surgery than did 
those who received the standard information. Because 
all patients received the same anesthetic, and there was 
minimal, if any, additional attention given to the experi-
mental group, such factors are unlikely to explain the 
observed results. Instead, it seems quite possible that 
participants in the additional information group were 
responding consistently with the demand characteristics 
of the scenario.

In the second study, Wolfe and Michaud26 tracked rheu-
matoid arthritis patients’ disability scores at three points 
around a sponsored 3-month open-label, phase 4 trial of 
a US Food and Drug Administration approved treatment: 
(1) prior to the trial, (2) at the end of the 3 month trial 
period, and (3) in a survey 8 months following the trial’s 
conclusion, but while the patients were still receiving the 
study treatment. The critical difference between the latter 
two assessments was that, at the end of the 3 month trial 
period, participants knew that they were part of a trial 
aiming/hoping to demonstrate the treatment’s efficacy, 
whereas the survey 8 months following the trial was not 
presented as related to the trial itself. Consistent with the 
notion of demand characteristics influencing outcomes, 
participants rated their disability as significantly lower at 
the end of the 3 month trial period compared with the 8 
months following this in an apparently unrelated survey, 
despite the fact that there were no differences in the treat-
ment they were receiving. Of course, a significant limi-
tation to this study is the lack of an appropriate control 
group. As with the original Hawthorne studies,16–19 the 
study of Wolfe and Michaud26 did not include a group 
of participants who were unaware that they were under 
observation with a particular goal. Nonetheless, it points 
towards demand characteristics as being the most likely 
factor mediating any effect of knowledge about being 
under observation.

Overall, then, the evidence for the existence of the 
Hawthorne effect as a unique phenomenon distinct 
from other processes, such as demand characteristics, 
is weak. For the most part, the strength and the promi-
nence of the Hawthorne effect as a potential explanation 
of responses in situations where participants or patients 
know they are under observation appears to rest largely 
upon misrepresentation of the original Hawthorne stud-
ies.20 This suggests that the Hawthorne effect may con-
tribute to the observed response to a treatment much 
less than is commonly suggested. Nonetheless, the pos-
sibility that being under observation creates demand 
characteristics that influence participants’ or patients’ 
behavior/responses means that this knowledge could 
bias responses following placebo treatment. However, 
without further research indicating the specific effects of 
attention or other distinct factors, it may be best to avoid 
the use of the term ‘Hawthorne effect’ and, instead, to 
focus on demand characteristics.

RESPONSE SHIFT

Response shift refers to an internal change in a per-
son’s criteria for evaluating the same experience such 
that even if his/her condition remained the same to an 
external observer, it would be rated differently by the 
individual. More formally, Shwartz and Sprangers27 
have defined response shift as ‘a change in the meaning 
of one’s self-evaluation of a target construct as a result 
of: (a) a change in the respondent’s internal standards of  
measurement (i.e. scale recalibration); (b) a change in 
the respondent’s values (i.e. the importance of compo-
nent domains constituting the target construct) or (c) a 
redefinition of the target construct (i.e. reconceptualiza-
tion)’ (p. 1532). In relation to placebo treatment for pain, 
this means that differences in patients’ or participants’ 
ratings before and after placebo treatment, may not 
accurately reflect the actual changes, and this may bias 
estimates of treatment efficacy in either direction, if the 
treatment affects the way they evaluate or conceptualize 
their pain.

Howard28 provided an early empirical demonstra-
tion of response shift in his summary of a series of stud-
ies evaluating a communication skills training program 
aimed at reducing dogmatism in the US Air Force. In the  
first study,29 a peculiar effect was observed in which 
there was an apparent increase in dogmatism from before 
the training to after the training. However, discussions 
with the trainees revealed that the most likely reason 
for the higher ratings of dogmatism post-intervention 
compared with pre-intervention was that the trainees 
had changed their perceptions of what constitutes dog-
matism as a result of the training. In order to investi-
gate this possibility further, Howard et al29 developed 
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the Then-Test, which aimed to assess pre-intervention 
levels of dogmatism retrospectively at the same time 
post-intervention levels were being assessed to ensure 
that both were being evaluated by individuals accord-
ing to the same criteria. They then compared traditional 
Pre-Post ratings with Then-Post ratings in participants 
who underwent the communication training program. 
Interestingly, they found that reduced dogmatism was 
evident in the Then-Post ratings, but not in the Pre-Post 
ratings. Importantly, in a post-intervention memory 
test, participants demonstrated almost perfect memory 
for their pre-intervention ratings, despite the fact that 
these ratings differed significantly from their Then-rat-
ings. This suggests that the difference between Pre-Post 
and Then-Post ratings is unlikely to be attributable to 
poor recall of the pre-intervention state. Instead, How-
ard28 proposed that the training had increased partici-
pants’ understanding of dogmatism and this increased 
understanding affected how they evaluated their own 
dogmatism. Specifically, it caused them to realize that 
their pre-intervention behavior was more dogmatic 
than they had previously realized.

More recently, the majority of research into response 
shift has been to do with assessing quality of life.30–33  
For example, Ring and colleagues33 investigated 
response shift in quality of life ratings in edentulous 
patients receiving high-quality conventional dentures. 
They assessed quality of life before treatment and then 
3 months following treatment using both a standard 
Pre-Post test and a Then-Post test. While there was no 
significant difference when comparing Pre-Post scores, 
the Then-Post test revealed significant improvements 
in quality of life following treatment. This pattern was 
as a result of Then-ratings of quality of life being sig-
nificantly lower than Pre-ratings. The authors attributed 
this response shift to a re-conceptualization and repri-
oritization of quality of life as a result of receiving the 
dentures.

In addition to evidence of response shift in ratings of 
quality of life, there is also direct evidence of response 
shift in pain ratings. For example, Razmjou and col-
leagues34 examined self-reported pain before and after 
total knee arthroplasty in patients with degenerative 
arthritis. Patients completed a Pre-test before their sur-
gery and then both a Post-test and Then-test 6 months 
following treatment. There was a significant response 
shift in that patients rated their pain before surgery as 
higher in the Then-test compared with the Pre-test. As a 
result, the Then-test indicated a larger improvement as a 
result of the surgery compared with the Pre-test.

In terms of the placebo effect, these studies suggest 
that response shift may lead to an underestimation of 
the efficacy of a placebo treatment, if the treatment leads 
patients to use higher criteria for rating their health. 
While this is a real possibility, response shifts in the 

opposite direction are also possible. Paterson35 inter-
viewed patients receiving acupuncture for a variety of 
conditions; they were asked to complete questionnaires 
on health status three times over a 6-month period. 
Several of the 23 participants demonstrated a response 
shift in varying directions. Consistent with the stud-
ies described above, one participant reported that hav-
ing experienced a successful treatment increased her 
standards for assessing her health. However, another 
participant reported having rated her daily function in 
relationship to her inability to do paid work at baseline, 
but then rating it in relation to her ability to do house-
hold tasks 6 months later. Thus, for this participant, there 
was a substantial increase in reported daily function, 
but this was entirely attributable to employing different 
benchmarks across testing times.

It is worth noting here that, despite being a potential 
source of bias when testing the efficacy of a treatment, 
response shift could be an important coping mecha-
nism that allows the individual to adapt to different 
circumstances. This particularly applies to cases when 
the individual’s health status deteriorates. For example, 
an individual might believe that he or she could never 
experience a satisfactory quality of life if confined to a 
wheelchair. However, if that individual experiences a 
spinal injury resulting in paraplegia, then reconceptual-
izing and recalibrating his or her criteria in such a way 
that satisfactory quality of life can still be achieved even 
with the injury, then this type of response shift will facili-
tate adjustment to his/her new circumstances.

Nonetheless, one of the key concerns for research 
on the placebo effect is that response shift could affect 
participants systematically depending on their treat-
ment allocation. Participants allocated to receive placebo 
treatment may experience a response shift that leads 
them to use higher criteria for assessing their pain, say, 
compared with a no-treatment control group whose 
criteria remain the same. If this were the case, then the 
estimate of the placebo effect derived from Pre-Post rat-
ings would underestimate the true placebo effect. Con-
versely, participants allocated to a no-treatment control 
group may be disappointed that they are not receiving 
treatment and this may lead them to reduce their stan-
dards for assessing their pain. In this case, the Pre-Post 
ratings would overestimate the true placebo effect.

Based on the available evidence, it is difficult to esti-
mate the magnitude of response shift in studies on the 
placebo effect, because, to our knowledge, these studies 
generally do not incorporate Then-tests. However, as 
with demand characteristics, response shift effects may 
be less reliable than is commonly suggested. In a recent 
meta-analysis of 19 studies, Schwartz and colleagues36 
found only a small effect size when averaging response 
shift across five health outcomes. Most relevant to the 
current chapter, the effect size for pain was almost zero, 
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suggesting that response shift effects may be minimal. 
Further, given that response shift occurs as a result of 
changes in internal standards for evaluating a symp-
tom, it is much more likely to bias outcomes in studies 
with more than a day or two in between pre- and post-
treatment assessments. It would be hard to imagine, for 
example, that participants in single-session experimen-
tal studies on placebo analgesia with intermixed placebo 
and control trials37–41 are undergoing constant response 
shifts back and forth in line with the trial sequence.

RETURNING TO THE THEORETICAL 
MODEL

Reviewing the evidence for demand characteris-
tics, the Hawthorne effect, and response shift in the 
context of the placebo effects, demonstrate that there 
are a number of factors that could contribute to the 
observed response to placebo treatment, as shown in 
Figure 17.1. The demand characteristics of the study or 
treatment context may create expectancies for certain 
outcomes that produce a genuine placebo effect. How-
ever, they may also lead to biased reporting—whether 
conscious or not—such that the observed treatment 
response does not accurately reflect the magnitude 
of the placebo effect. While the original evidence on 
which the Hawthorne effect is based seems less con-
sistent than it is generally reported, participation in a 
study or treatment could also influence the observed 
response in the absence of a genuine placebo effect, 
if it creates biased reporting or induces behavioral 
change that would not be maintained if the participant 
or patient was not under observation. Response shift 
may bias the observed treatment response if partici-
pants’ or patients’ criteria for evaluating their symp-
toms change for pre- to post-intervention such that the 
observed response over- or underestimates the actual 
placebo effect.

IMPORTANCE OF OBJECTIVE OUTCOMES

Clearly, delineating the contribution of these psy-
chological processes and of expectancy to the observed 
treatment response is difficult. However, from the above 
analysis, it is clear that most of the bias that can occur 
when evaluating a placebo intervention is associated 
with self-report. Thus, one obvious way to significantly 
reduce the possibility of bias is to incorporate objective 
outcomes. While many symptoms of health and illness 
are difficult to assess objectively, advances in technology 
for assessing psychophysiologic functioning are provid-
ing increasing opportunities to do so, such as fMRI and 
EEG. In the last decade, these approaches have been 

employed increasingly in research on the placebo effect 
with encouraging results. For example, self-reported 
placebo analgesia is associated with a reduced P2 com-
ponent in EEG studies of placebo treatment for laser-
evoked potentials, with the magnitude of P2 evoked 
response itself found to correlate with the intensity of 
painful stimulation.42 Similarly, in an fMRI study, Bingel 
and colleagues43 found that instruction-induced modu-
lation of the analgesic remifentanil was associated with 
changes in activity of pain and opioid-sensitive brain 
regions consistent with the direction of pain modulation. 
While correlational only, such studies are important for 
providing objective evidence of placebo-induced analge-
sia that would be difficult to explain in terms of demand 
characteristics, the Hawthorne effect, or response shift. 
As such, wherever possible, future research on the pla-
cebo effect should incorporate objective outcomes. In 
the absence of these, it is difficult to rule out any effect 
of demand characteristics, the Hawthorne effect, or 
response shift on reported changes following placebo 
treatment.

CONCLUSIONS AND FUTURE 
DIRECTIONS

Demand characteristics, the Hawthorne effect, and 
response shift are commonly cited mechanisms that 
could bias estimates of the placebo effect. While review-
ing the evidence for these psychological processes sug-
gests that they are very difficult to rule out as potential 
sources of bias in placebo trials assessing self-reported 
outcomes, such as pain, it is also clear that there is a gen-
eral lack of empirical evidence on the reliability and char-
acteristics of these effects. There are a number of ways in 
which future research could address this problem. Signal 
detection theory could be incorporated into experimen-
tal studies on placebo analgesia in which participants 
rate a series of painful stimuli with and without placebo. 
In terms of the Hawthorne effect, direct comparisons of 
the effects of observation alone versus observation with 
additional attention and support would help to delin-
eate its mechanisms and the extent to which it should  
be considered distinct from demand characteristics. In 
both research and clinical practice involving pre- and 
post-treatment pain assessments, Then-tests could be 
used in order to attempt to investigate any response 
shift. A better understanding of these social processes 
would facilitate estimating the magnitude of the placebo 
effect and how it may be used to enhance treatment out-
comes. In addition, where possible, researchers should 
incorporate objective outcomes when investigating the 
placebo effect, as these may reduce the potential influ-
ence of demand characteristics, the Hawthorne effect, 
and response shift.
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A SUMMARY OF THE ARGUMENT

First, I will provide a quick summary of the argument, 
which will be followed by a brief review of the relevant 
data. For many years I have argued that researchers 
should abandon the phrase ‘placebo effect’ (or ‘placebo 
response’) and replace it with something else; I have pro-
posed ‘meaning response’ because I believe that it points 
directly to the mechanisms involved.1–4 Others, for 
similar reasons, propose ‘context effect’5 or ‘expectation 
effect’6 or other similar terms. I do this for two primary 
reasons. First, a placebo (a perfectly legitimate concept) 
is an inert substance (a sugar or starch pill, a saline injec-
tion) used in place of, or next to, an ordinary drug. By 
‘inert’, we mean a substance that ‘doesn't do anything,’ 
that has no effect on human physiology. Given that, the 
term ‘placebo effect/response’ is an oxymoron; nothing 
can't do anything.

Second, however, we all know that after administer-
ing inert medications, things often do happen. People 
often get better, or their pain reports moderate, and 
they often even show ‘side effects.’ Given the definition 
above, there is one thing we can be absolutely certain 
of, which is that whatever happened was not due to the 
placebo, which was inert (unless we had an incompetent 
pharmacist). I argue instead that ordinarily such effects 
are due to the ‘meanings’ of the placebo, to the under-
standings of physicians, patients, families, communities, 
about such drugs/surgeries/treatments, etc. The colors 
of placebos make a difference, as does their number and 
administration; as does the cultural context of the care 
given. Most important, a range of recent studies have 
shown the same sorts of ‘meaning responses’ attached to 
real drugs as, for example, in the various open/hidden  
experiments of the past few years. In cases where 

fentanyl works better when administered by a clini-
cian, than when given secretly (via intravenous line), 
we clearly cannot attribute anything to a ‘placebo effect’ 
because there were no placebos given at all to anyone.7 
But we can easily attribute such differences to human 
interaction, to language, to caring, whatever seems plau-
sible given the details of the situation. It is important 
to recognize that meaning responses can occur across 
the breadth of medicine: internal, surgical, manipula-
tive, linguistic. Howard Brody has several times written 
about the ‘meaning model’ of medicine, which is quite 
similar to my approach.8,9

Let me be more explicit why I prefer the notion of the 
meaning response to, first, expectation, and second, con-
ditioning. Expectation is probably a universal human 
psychologic phenomenon. One anticipates that someone 
you trust will do what she or he says, or that someone 
you know well will ordinarily act the same way under 
certain circumstances that you have observed before. 
In this, conditioning and expectation are, perhaps, two 
sides of a coin. The facts at issue—truthful, or custom-
ary, behavior—lead you to anticipate something in 
particular, and behave accordingly yourself, by, say, 
producing endorphins or some other neurochemical. 
In these cases, the prior experience with these people 
acts as the conditioned stimulus, and the subsequent 
behaviors, the expected ones, can be considered condi-
tioned responses. All of these processes may occur in 
any human relationships. However, as an anthropolo-
gist, I am confident that quite different (culturally con-
structed) experiences might yield the same, or different, 
responses in others. And, human behaviors are rarely 
as simple and unadorned as might be the food given to 
that rat which then shakes her tail. The shaman might 
enact a complex expression of a (presumably) ancient 
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myth to evoke the healing he seeks in his patient; and 
everyone in the room—the shaman, the patient, the 
families and friends, everyone in town—knows the 
story in advance, having heard it dozens of times on 
their mother’s knees. Hence it is practically impossible 
for human beings to avoid a substantial cognitive, that 
is, meaningful, dimension in any healing rite. The rites 
will perforce be different; the induction of expectations 
may be the same, or at least similar. A shaman sucking 
an evil spirit out of a sick patient makes perfect sense to 
a Navajo or Eskimo;10,11 while to a native of Kansas or 
Alsace, it might seem absurd, and would likely create 
highly negative responses. While expectations may be 
involved in all of these places, what evokes them may 
vary dramatically, and needs to be understood in local 
terms. I don’t deny the psychologic processes, but I am 
more interested in the ‘what’ than the ‘how.’

A significant implication of this approach is that 
‘meaning’ (or if you prefer, context, or expectation) is 
clearly not nothing; and it's the nothingness of place-
bos that causes the huge ethical dilemma of their use. 
We know that placebos continue to ‘work’ when they 
are identified as inert substances; but most believe that 
placebos must be utilized with some sort of deception. 
‘Care,’ ‘language,’ ‘talk,’ ‘touch,’ need not be used decep-
tively (indeed it's hard to imagine that they could be).

A BRIEF REVIEW OF THE DATA

Color and Number

The color of pills can make a difference in their effec-
tiveness: in a study done in the Netherlands, red, yel-
low, and orange pills were perceived to work better as 
stimulants while blue and green pills were perceived to 
work better as tranquilizers. The same study showed 
that of 49 drugs available for treating the nervous sys-
tem, sedatives were more often green, blue or purple, 
while stimulants were more often red or orange.12 In an  
Italian study, women responded better to blue sleep-
ing tablets than did men, who preferred orange ones.13  
I have recently provided an extensive analysis of this 
situation elsewhere.4

In a study of a large number of clinical trials of anti-
ulcer drugs, I have shown that, in 51 trials, patients took 
four tablets a day (drug or placebo) while in another 28 
trials, patients took two pills a day. After 4 weeks, 44% of 
the four-per-day placebo patients (805 of 1821) showed 
healed ulcers (on endoscopy) while only 36% of the two-
per-day patients (545 of 1504) were healed (μ2 = 21.7; 
p = 0.000).14

Note that a blue nothing should not work better than 
a red nothing. But we all know that red is different from 
blue, and has a different range of meanings. And note 

that 2 × 0 = 4 × 0. That is, four nothings should do no more 
than two nothings. But everybody knows that 4 means 
more than 2.

Form

When sumatriptan first became available for the 
treatment of migraine, it was available only as a subcu-
taneous injection. Later, it became available as an oral 
tablet. Ton De Craen and his colleagues have shown 
that, in a series of trials, 32% of patients taking pla-
cebo injections were better after an hour (279 of 862) 
while 26% of patients taking placebo tablets were bet-
ter after an hour (222 of 865) a ‘6.7% difference, 95% CI 
2.4–11.0%).’ 15 A placebo injection is zero, and a placebo 
tablet is zero; yet apparently one zero is larger than the 
other, because this difference, although clinically mod-
est, is highly statistically significant. And everybody 
knows that injections are bigger, and more powerful, 
than pills.16

Except when they are not. De Craen reported sepa-
rately the results of European and US trials, but did not 
compare the differences in drug and placebo outcomes 
in the two places. The overall difference in the US was 
33.6% for sham injection and 22.3% for sham pill, a dif-
ference of 11.3%, larger than the overall difference. This 
difference disappears in the European studies where 
27.1% of placebo tablet patients were cured and 25.1% 
of placebo injection patients were cured. So, injections 
work better than pills, but only in the United States, 
not in Europe. That is, there are cultural factors at work 
here. Researchers regularly note that American medicine 
is more aggressive than European medicine.17 And it 
appears that aggressive medicine works better in the US 
than in Europe. Even when it’s inert.

Culture

In a large review of over 100 controlled trials of 
H2-receptor-antagonists for peptic ulcer, there were 
dramatic differences in the number of (endoscopically 
verified) healed ulcers in placebo-treated patients; the 
number averaged about 32% but varied from zero to 
100%. The highest control group healing rates were in 
Germany, over 60%. The lowest were in Brazil, at about 
6%. There were significant differences between con-
trol group healing rates in Germany and their north-
ern neighbors, the Dutch and Danes, where rates were 
about 20%. At the same time, the German control group 
improvement rates for anti-hypertensive treatment were 
among the lowest in the world, with a small increase in 
blood pressure noted. So, these factors are not generic 
ones addressing German genes, but cultural ones, affect-
ing their (and everyone else’s) ideas and understandings 
of particular diseases and what they mean.18
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Hype

There is a lot of advertising of medicines and drugs in 
western cultures; although direct-to-consumer advertis-
ing (DTCA) is rare for prescription medicines (only the 
US and New Zealand see a lot of it), over the counter 
(OTC) medicines are widely advertised, and, of course, 
the bulk of advertising is to doctors, which seems to 
be common everywhere. Drug company ‘detail men’ 
are, today, often fetchingly attractive young women, 
expensively dressed, carrying drugs packaged more like 
cosmetics, and bringing the staff a nice lunch.19 Medi-
cal conventions are often more or less fully paid for by 
drug and device manufacturers who put up lavish dis-
plays of their wares, with champagne at 3:00. There is 
good evidence to show that such detailing and adver-
tising increases the intention to prescribe, even for off-
label uses (such detailing is illegal in the US).20 There is 
some evidence (called ‘weak evidence’) that ‘DTCA may 
increase compliance and improve clinical outcomes.’ 21 
Although little studied, there is some evidence to show 
increased effectiveness of OTC medicines which have 
widely recognized brand names. In one such study, a 
widely advertized brand of aspirin was shown to be 
more effective at relieving tension headaches than the 
same aspirin without a brand name, and, placebo with 
the same brand name was more effective than placebo 
without the brand name.22 (Aspirin was more effective 
than placebo, brand or not.) The source of what people 
know, understand, or believe, is irrelevant: knowledge 
shapes the effectiveness of medical treatment.

Adherence

It is not unusual for drug trials to show that patients 
who take all the prescribed medicine do better than 
those who are less compliant with their medical instruc-
tions. In a recent re-analysis of a study called Beta 
Blocker Evaluation of Survival Trial (BEST), the author 
confirmed what had been noticed previously: that those 
who took more than 75% of their prescribed placebos did 
significantly better than those who were less compliant 
with their placebos. This was clearly true in the BEST 
study where 28% of highly adherent placebo patients 
died while 42% of less adherent placebo patients died.23

Similar results have been found in a number of tri-
als dealing with a broad range of illnesses, among them 
infections incidental to cancer, heart attack in both 
women and men, and HIV infection in Zambia. A meta-
analysis of 21 trials had similar conclusions.24 An array 
of studies have attempted to find what life-style factors 
or other issues might account for this, but none have 
been found.

This is very hard to understand and even harder to 
study because one cannot randomize people to being 

adherent and not (just as one can’t randomize people to 
being tall or short, witty or dull, male or female). There 
is a fairly widespread speculation that the high adherers 
are representative of an overall ‘healthy behavior group’ 
which includes good adherers. But one might imagine 
that the healthy behavior folks would eat better, smoke 
less, etc., and no one has been able to show that (or any-
thing like it) for the placebo-treated patients in all those 
trials; nor for the adherent drug-treated patients (who 
also routinely do better in trials than the less adherent). 
Because this is such a mysterious—even if well known—
phenomenon, I have no particular opinion if or how 
meaning plays a role in it.

History

In 2002, Walsh and colleagues showed that over a 
19-year period from January 1981 through December 
2000, a series of 75 controlled trials of treatment for 
depression had been done. Over that period, the aver-
age proportion of patients who responded to medication 
was 50.1%; the proportion of patients who responded to 
placebo was 29.7%. However, there was a strong corre-
lation of both placebo improvement and drug improve-
ment with the date of publication of the study. Over 
the two decades, the ‘proportion responding to placebo 
has clearly increased, at a rate of approximately 7% 
per decade, and a similar increase has occurred in the 
fraction of patients responding to active medication’ 25 
(p. 1844). They concluded that the placebo healing rate 
for depression was ‘variable, substantial, and growing.’ 
They add: ‘Some factor or factors associated with the 
level of placebo response must therefore have changed 
significantly during this period. Unfortunately, we were 
not able to determine the identity of these factors.’ This 
seems a reasonably straightforward issue: over the 
period studied, there were major changes in how physi-
cians, patients, families, indeed everyone, thought about 
depression. In 1970, one of the standard pharmacology 
textbooks stated that no drug was more effective than 
electroconvulsive therapy (ECT) for depression.26 Sub-
sequently, following on ‘One Flew Over the Cuckoo’s 
Nest’ (1975), ‘Listening to Prozac’ (1994), plus innumer-
able other discussions, TV shows, Oprah, etc., ‘every-
one’ agreed that depression could be treated medically 
with pills. The legalization of direct-to-consumer drug 
advertising in the USA in 1997 probably contributed. 
Medication becomes meaningful in historical fashion.

This situation, drug and placebo effectiveness varying 
through time, has been shown several other times, to one 
degree or another. The same authors who did the depres-
sion study did a similar study for bipolar disorder; they 
found only a few studies using a  variety of outcome mea-
sures and report a weak trend of increased placebo effec-
tiveness (from 1991 to 2005).27 A comparative analysis of 



PLACEBO AND PAIN186

20 trials between 1997 and 2008 showed that remission 
rate of Crohn’s disease increased with year of publica-
tion, about 8% per year; however, the authors argue that 
the length of time till evaluation increased over the years, 
and they attribute the increased response to this. That is, 
people responded to increased amounts of inert treat-
ment. A study of neuropathic pain found that placebo 
treatment increased over time (1996 to 2006), but that 
the difference was due to increased length of the trials 
over that period.28 Again, people responded to increased 
amounts of inert treatment.

A series of acupuncture trials shows an increase in 
placebo effectiveness from 1988 to 2010 while treatment 
effect remained more or less constant, resulting in a low-
ering of overall specific effect (treatment minus placebo 
effect).29

A number of recent studies, reviewed here,30 raise par-
ticularly troubling issues regarding temporal changes 
in treatments of schizophrenia. In effect, it appears that 
over the past 20 years, placebo-treated patients in trials of 
drugs for this pernicious disease have shown significant 
improvement from only a few points (on the PANSS scale) 
to as much at 20 points (a clinically significant amount). 
At the same time, the effectiveness of a succession of new 
drugs has declined by a few points. For a clearer presenta-
tion of these changes (if a less convincing discussion, see 
Alphs et al.31). The drugs considered here are often very 
toxic, with debilitating effects trailing along with their 
positive one. Interestingly, the control group patients 
often experience the same debilitating side effects that the 
drug patients experience, but almost always in smaller 
frequencies. We may wish to interpret this such that the 
control group patients, with a smaller proportion of the 
side effects, get a smaller portion of the drug effects, but 
enough that they can stick longer with the treatment than 
those with the full load of negative effects (in the stud-
ies compared, nearly half the patients dropped out30). 
It seems odd, but it’s often the case that control group 
patients get the same side effects as the drug group gets. 
Note that this, too, is an odd use of language. Drugs have 
effects, some desirable, some not. When meaning creates 
a biologic response, it shouldn’t seem surprising that all 
the responses of drug-treated patients occur, the good 
along with the bad. This may be what’s happening in the 
trials of these lamented patients.

Surgery

All the cases considered so far have dealt with inter-
nal medicine. These often seem familiar and unsurpris-
ing. Placebo responses seem more plausible in such 
cases; they seem much more surprising in surgical care. 
Indeed, controlled trials of surgical procedures are very 
rare; since drugs are used largely for empirical reasons 
(we have learned from experience that willow leaf tea 

is effective in treating headaches), while surgical proce-
dures are done for logical reasons (the skin is torn, he 
is bleeding, sew it up), it seems more reasonable to test 
the former than the latter. But when such tests of com-
pellingly logical procedures are done, the results are 
often quite surprising. One famous case from the 1950s 
involved ligation of the internal mammary artery to ease 
angina pectoris, a procedure that was becoming quite 
popular; presumably the ligation increased the supply 
of blood to the coronary arteries by restricting it else-
where (think what happens to the water going into the 
sink when you flush the toilet).32 Two surgeons who had 
doubts organized small studies with patients random-
ized to receive the ligation, or only the skin incision. 
Patients reported significantly less pain, longer exercise 
times and reduced use of nitroglycerine, regardless of 
which group they were in.33,34 A measure of the impact 
of these studies is that Google Scholar reports 420 cita-
tions of Cobb’s paper (now up to 421).

More recently, orthopedic surgeon Bruce Moseley car-
ried out a controlled trial of treatments for osteoarthritis 
of the knee; patients received arthroscopic debridement, 
arthroscopic lavage, or a simulated debridement, with 
only three small stab wounds in the knee. After 2 years, 
all patients had experienced the same modest improve-
ment of about 5 points on a 100 point scale measuring 
walking and bending.35

It is common for older women to suffer painful stress 
fractures of vertebrae due to osteoporosis. In a recently 
developed procedure, clinicians, guided by fluoroscopy, 
inject medical cement (polymethylmethacrylate) into the 
fractures. Two recent studies compared this procedure 
with a sham procedure where no glue was injected into 
the fracture. Sham and verum groups had very nearly 
identical responses, with modest improvements in pain 
scores, physical functioning, quality of life, and a mix 
of other measures.36,37 These trials elicited a good bit of 
comment, pro and con.38–40

Surgeons are the kings of medicine with the grandest 
reputations, and, often enough, the swagger to match. 
‘Self-effacing surgeon’ seems almost an oxymoron. 
There is a substantial literature (which I reviewed here41 
(Chapter 4)) indicating that one of the most significant 
elements in enhancing the meaning response is the  
physician him/herself, encouraging us to think (logi-
cally) that much of the effectiveness of surgery is akin to 
the meaning response to drugs.

Genetics
For many years researchers have tried to determine 

before the fact what characteristics of patients led to 
meaning responses, testing every conceivable psycholog-
ical, developmental, physiological characters that they 
could think of; all these studies failed to show effective 
results, or they were quickly falsified by other studies.  
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In a recent study, T. Kaptchuk’s group at Harvard showed 
that reduction of symptoms of irritable bowel syndrome 
was maximized in patients with met/met homozygotes 
for the COMT gene; this gene plays an important role  
in dopamine catabolism which in turn is associated with 
reward, pain, memory and learning.39

All of those processes, of course, are involved in one 
way or another in interpreting meaning. By contrast, it 
seems unlikely that ‘nothing’ (i.e., a ‘placebo’) would 
have a significant effect on dopamine manufacture.

CONCLUSIONS

All (or, perhaps, almost all) of these cases, and 
many more I could cite, encourage us to banish from 
our tongues the terms ‘placebo response’ and ‘placebo 
effect’. Placebos are inert; inert things don’t do anything. 
But things do happen after placebos are administered. 
Among them are extraneous things like regression to 
the mean (some people selected for a study because 
of extreme conditions on some measure—high blood 
pressure, substantial back or bowel or head pain, seri-
ous allergies—will likely revert toward normal in time) 
or natural history (colds go away by themselves, as do 
many other conditions). These things are not due to pla-
cebos or meaning; they are due to study selection crite-
ria, or to the nature of various illnesses which either wax 
and wane, or which, for some lucky few, simply wane.

But the most interesting things that happen after 
people are given placebos are the responses to the mean-
ing of the treatment, the drugs, the surgery, the shape 
of the room, the paintings on the walls, the colors of the 
funny clothes they all wear (especially those funny hair 
nets! They must really really care about me if they are 
so concerned about the dust in their hair!). The charm-
ing (or nasty) parking lot attendant. The enthusiasm of 
the doctor, of the nurse, of the aide who sweeps up and 
who talks with me kindly and quietly. The doctor on TV 
(she’s really an actor, but wow, can she figure out nasty 
diseases! and she’s really cute, too.) And the heliports! 
We have two at our hospital! The plastic spine hanging 
on the door knob in the chiropractor’s office; and the 
beautiful and antique-looking paintings of meridians at 
the acupuncturists office, along with all those fat books 
on Chinese herbs. The smell of rubbing alcohol and 
the stuff they use to clean the bathrooms which always 
smells like someone’s idea of the out-of-doors. Number, 
color, and form are more easily quantified than may be 
plastic spines. But all these things work together to shape 
and form the dynamic elements of the medical encoun-
ter, what the encounter means to me. Nothing changes 
human beings more than meaning.42 And, as one doctor 
put it ‘Sometimes simply being silently present with a 
patient may be the most meaningful kind of care.’ 43
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BACKGROUND

A Note on Terminology and History

Complementary and alternative medicine (CAM) has 
moved from the fringe of scientific and popular interest 
to a more central place over the last two decades.1 Whole 
systems of medicine (WSM),2–4 such as homeopathy, 
Ayurveda, and Traditional Chinese medicine (TCM) have 
been around in their respective countries of origin for 
centuries as a kind of parallel medical culture. Since Vir
chow’s seminal insights in the mid19th century, Western 
biomedicine (BM) became the dominant way of doing 
medicine, and ‘traditional’ or ‘natural’ ways of medicine 
have moved to the background.5,6 This is not so in many 
other countries, for example, in Africa or Asia, where 
those traditional systems still provide medical care in 
the majority of cases.7 For instance, in India, more peo
ple are using Ayurveda, homeopathy, Siddhi or Unani 
medicine, the traditional systems, than can afford to use 
BM.8–10 But far from being only ‘poor people’s medicine’,  
those traditional systems also have something to offer. 
They have different conceptual approaches to health 
and disease that translate into different practical appli
cations. Ayurvedic medicine, for instance, is very much a 
lifestyle and preventative system which uses phytophar
macologic substances only if someone is taken ill; oth
erwise, it emphasizes dietetic advice.11,12 If someone is 
ill, there is the full arsenal of traditional medicine, from 
purgation to phytopharmacology, to surgery. Indeed, 
the Sushruta Samhita is probably the world’s oldest 
textbook on surgery, dating back to roughly 600 BC.13 
The same is true for TCM.14 Often people associate only 

acupuncture with this type of traditional medicine (TM); 
on the contrary, it has at its disposal a whole arsenal of 
phytopharmacologic, dietary and additional techniques 
such as specific diagnostic systems. While, in their coun
tries of origin, BM is becoming the fashion, exports of 
these TM systems into the West have become fashion
able for our culture. This results in a transcultural trans
formation of medical systems: what is being transported 
into the West and applied here is different from what it 
has been in the country of origin. It has transformed, and 
will continue to transform, the way BM is approaching 
health and disease, and our Western patients alike. Out 
of this amalgamation, new ways of providing medical 
care are born. Often such integrations are called ‘inte
grative medicine’ (IM),15 which very often means that 
methods found to be useful or evidencebased in other 
cultures are being ‘integrated’ into treating patients from 
a BM point of view. However, sometimes it also means 
that different ways of thinking are being applied, involv
ing more holistic concepts of treatment.

This fits with a counterculture, which has likely 
contributed to the rise of CAM in the West: the diver
sification, the analytical separation of the body into  
compartments—and the separation of our lives into 
 disparate units—has led to a desire for holism. TM and 
CAM systems answer to that. Homeopathy, for instance, 
needs, in order to be effective, symptoms from all aspects 
of a patient's life. Not only, say, the headache symptoms 
that are bothering her—but also information about food 
preferences, menstruation problems, if there are any, men
tal and psychologic symptoms and other physical symp
toms that might be present. Such a holistic approach, out  
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of one hand, is appealing to patients during times when 
a patient has to see various specialists who do com
pletely different things and often prescribe incompatible 
medicines and treatments for the same patient.

Thus, CAM can be seen as a medical counterculture 
serving the needs of a rather welloff, better educated, 
ecologically minded and probably politically more pro
gressive group of patients.16 The rise of CAM from a 
subculture to a counterculture, and then to a cultural 
coplayer, officially started with the foundation of the 
Office of Alternative Medicine (OAM) at the NIH in 1991 
through a political move.17 It was bolstered by the big
gest poll to date showing that US citizens spend more 
money out of pocket on CAM than on conventional med
icine.18,19 This piece of information, probably among the 
most frequently quoted, drove the message home: this is 
not marginal, this is real, and it is real money. As a sequel, 
OAM became the National Center for Complementary 
and Alternative Medicine (NCCAM), with a small but 
comparatively serious budget of 120–150 million US dol
lars to be spent on research. European countries, where 
various natural approaches such as traditional naturopa
thy, homeopathy, massage and spa treatments are very 
much part of the medical culture, have not matched this. 
But also here we can see a move towards institution
alization. Norway has its own national center. In the UK 
there was a move towards structure building through 
funding from the government at the beginning of the 
new millenium. And Europe, as a whole, has finally 
started to map out CAM provision and treatment and 
to formulate a research agenda in its first PanEuropean 
research network CAMbrella.20

Comparatively early on, CAM researchers saw that 
the traditional BM model cannot be applied to WSM. 
The BM model is foremost a pharmacologic model that 
answers to the implicit research strategy of finding a 
cause, and then a target for treatment, and then a specific 
molecule to be targeted by a specific treatment. Its domi
nant rationale is to uncover such specific effects. What is 
rarely reflected, though, is this tacit presupposition and 
whether this is indeed the best approach to  treatment. It 
has frequently been observed that the human organism 
is a complex system, and that disease can be viewed as a 
disturbance in the system's homeostatic selforganizing 
capacity.3,21–23 While, in acute situations, the organism can 
get back to its natural balance with a little medical help, 
or just some time to recalibrate, this is not so easily pos
sible in chronic disturbances. Here, it turns out that the 
disease itself becomes an active adaptation of a complex 
network to a new challenge, and disease can be recon
ceptualized as a network disturbance. Such a  disturbed 
network can be brought back into its original balance by 
various methods that trigger, goad or even force the sys
tem out of its disease trough across and against an ener
getic barrier of disturbance, to use systems theoretical 

language, such that it can again activate its selfstructur
ing capacity to reestablish its original or a new, healthier 
balance. In such a view, the comparatively static way of 
looking at disease as a disturbance with just one target, 
stemming from pharmacology, to be treated by a specific 
molecular agent, is not very useful. It was also very soon 
realized by CAM researchers, that the socalled nonspe
cific effects of treatments may well be the major aspects 
of many, if not all CAM treatments,24,25 and that, hence, 
some more scientific study of the placebo effect, that has 
hitherto led a very secluded life in the litter basket of 
pharmacologic research, might be in order.

Hence, it was at the OAM that one of the major break
through conferences on the placebo topic was convened 
by its then director, Dr Wayne Jonas in 1995.26 Lead 
researchers in the field, such as Dan Moerman,  Howard 
Brody and Irving Kirsch, to name but a few, came 
together to discuss the scope and propose a potential 
new terminology. Out came the new definition of pla
cebo as ‘meaningresponse.’27 Placebo effects are those 
effects that happen, because, in an individual therapeu
tic situation, patients attribute particular types of mean
ing to a very specific therapeutic action as a whole. Thus, 
in this reconceptualization, placebo effects are individ
ual. They are only partly predictable, since one would 
have to know the whole learning and cultural history of 
an individual to be able to understand how he or she 
might make meaning out of a situation. They emphasize 
the semiotic aspect of a treatment, i.e. the meaning that 
a patient sees in a therapeutic encounter, or generates 
from it, not necessarily the one it objectively has. And 
placebo effects are thus, by definition, complex psycho
logic processes that will involve conscious attribution 
processes and cognitive aspects such as forming expec
tations, imbuing actions with meaning, or forming plans 
for future actions such as health behavior changes. But 
they will also contain many well understood uncon
scious processes such as conditioning and learning, and, 
in addition, also less understood unconscious aspects 
such as emotional priming, or affect regulation.

In the wake of this meeting, OAM, and later NCCAM, 
started a research initiative on placebo effects which trig
gered a hitherto unseen interest in the subject area. Thus, 
CAM research is, in a way, the midwife to modern day 
placebo research. While this is surely not true for all 
research everywhere, a lot of the seminal studies in the 
field were funded or inspired by this original effort. Since 
those early days in the 1990s we have begun to under
stand that placebo effects are ‘real.’ They happen not only 
in patients’ imagination: their effect can be traced in brain 
systems that are affected by various processes such as 
expectancy, and learning, which are part of our cultural 
and semiotic constitution as human beings existing in 
relationship with others, interacting through language, 
and forming mental maps of our environment and events 
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likely to happen28–35 (see also Ch 16 in this book). These 
effects may be small in clinical trials, which are explicitly 
constructed to control for the placebo effect and thus keep 
it as small as possible.36 But they can be sizeable—up to 
a standard deviation—in experimental contexts which 
more clearly mimic the practical routine of patient– doctor 
encounters, which is geared towards higher expecta
tions and trust.37,38 Psychoneuroimmunologic research 
has uncovered some paths that also make mechanisti
cally plausible how such nonspecific effects might be 
causal for a whole series of varied therapeutic effects.39 
Practically all major braintransmitter systems have been 
shown to be involved in placebo effects. Thus pain reduc
tion, as well as influences on the affective systems such as 
elevated mood, change of affective tone, can be plausibly 
understood as consequences of placebo effects. Indeed, 
the networks that produce placebo analgesia are largely 
overlapping with the brain networks that are responsible 
for regulation of emotion, as a recent metaanalysis has 
shown.40 Change of focus affects the dopaminergic sys
tem and thus has direct impact on the endogenous opioid 
system, influencing pain perception.41,42 Relaxation can 
act directly via downregulation of the HPNA axis or on 
the principal stress axis.43 But it can also work indirectly 
via the inflammation reflex. All activated macrophages 
express acetylcholinergic receptors.44 Activation of the 
parasympathetic pathway, such as in relaxation responses 
in general terms, will lead to a release of acetylcholine, 
which will thus lead to downregulation of inflammatory 
activity. This might happen systemically, or very topi
cally in loci of subclinical or clinical inflammation. Those 
mechanisms have direct impact on inflammatory as well 
as noninflammatory aspects of pain and pain perception.

Thus we have a full arsenal of causal pathways at 
hand that make plausible how nonspecific treatments 
can have diverse therapeutic effects. This allows us now 
to reconceptualize many aspects of CAM treatments as 
activation of such selfhealing capacities of our body 
using the meaning response. What I have just said is a 
more benevolent and more meaningful description of the 
often heard adage that ‘all CAM is placebo’. This may be 
true—at least for some aspects of CAM—if understood 
in the above way.

IS CAM ‘ALL PLACEBO’? A NOTE  
ON SPECIFICITY AND THE  

EFFICACY PARADOX

But is it true that ‘all CAM is placebo’? Are there no 
specific effects at all? While my focus in this chapter is 
not on unraveling the potential specificity of CAM, it is 
important to state two things:

First, it is highly unlikely that therapeutic sys
tems can build up the ritualistic power to muster all 

nonspecific effects possible, if not at least sometimes, 
and reliably enough, specific effects also play a role. I 
have used the metaphor of ‘dwarfs on the shoulders 
of giants’ to describe this situation.25,45 During the 
middle ages this was a way of describing the power of 
the then presentday writers. They saw themselves as 
dwarfs sitting on the shoulder of giants, the authori
ties of the tradition.46 I would like to reinterpret this 
image: specific effects are dwarfs sitting on the shoul
der of the giants, the nonspecific effects. That is why 
therapies work well—in general—no matter which 
ones. In other words, it is only the combination of 
specific with nonspecific effects that creates the thera
peutic potential of any therapy, and more likely than 
not they are not additive but synergistic in complex 
ways.47,48 Thus, it likely makes no sense to separate 
them out. If you have a blue door you can separate the 
color from its function. You may contemplate painting 
it red or yellow, and this would not change its func
tion as a door. But the interaction between specific and 
nonspecific effects is more likely similar to a blue work 
of art of Ives Klein, for instance, who painted beautiful 
deep blue paintings. You could not possibly contem
plate changing the color and keeping the piece of art 
untouched, or understanding the effect of the piece of 
art by analyzing the different shades of blue that have 
been used. Another example of how we cannot sepa
rately analyze a highly synergistic system is that of 
horse and rider: Understanding how a rider on a horse 
can move, how fast, how far, how elegantly, or how he 
can jump, implies studying horse and rider together. 
Taking the rider off the horse and measuring how high 
he can jump or how fast he can run, and then observ
ing the horse separately, and measuring the same vari
ables, would not work, as both rider and horse will do 
completely different things when left on their own. It 
is only the complex synergistic system of a rider on a 
horse that will give us the full insight into the reach 
and possibilities of both together and the whole sys
tem. The horse enhances the outreach and speed of the 
rider, but so does the rider enhance the normal and 
natural range and movement of the horse. It is only the 
mindset of a particular view of science as analytical, 
and the world of relevance being completely analyz
able into additive components, that has fostered such 
a view. I beg to differ and invite the reader to—at least 
for the moment—adopt the view with me that specific 
and nonspecific effects together are different in scope 
and magnitude than each one alone. And more impor
tantly, it is likely that one cannot be had without the 
other.

The second point is this. It is, in general, difficult to 
prove specific efficacy of CAM interventions against 
a placebo. However, this is difficult also with conven
tional drugs, as the facts show that less than half of all 



PLACEBO AND PAIN192

individual trials of psychotropic drugs against anxiety 
or depression submitted to the FDA for approval are 
independently significant, because placebo effects are 
so high.49,50 In that sense, CAM is not alone with its 
difficulties. But some CAM interventions have indeed 
shown at least some superiority against placebo. This 
has recently been shown in a large individual patient 
data metaanalysis of acupuncture in pain.51 There is 
some indication that some phytotherapeutic drugs 
work better than placebo.52,53 With homeopathy there is 
a longstanding dispute. While, by pure vote count pro
cedures, the database of clinical trials in homeopathy 
has more significantly positive trials of homeopathic 
remedies against placebo than negative or indecisive 
ones,54,55 a metaanalysis of a small selection of larger 
highquality trials concluded that homeopathy is not 
different from placebo.56 This analyis, however, has 
been criticized for not having conducted a sensitivity 
analysis and for not having produced a clear rationale 
for the cutoff point of the number of trials included.57 
For if more or fewer trials are included, the result is 
again different from placebo.58

But the point is this. Perhaps this question is a mar
ginal one anyway. And the really interesting question is: 
how do CAM interventions produce such large thera
peutic effects, no matter whether nonspecific or specific 
ones? And why do conventional procedures obviously 
not produce effects of the same size? Why, given that we 
have arguably the best medicine of all times, do people 
bother to seek out the help of purported ‘ineffective’ 

or ‘disproven’ therapies, to use a vocabulary that the 
 critics of CAM often use, and do case reports and anec
dotes thrive that report stunning effects, at least from 
 hearsay? How does the magic work? Far from being 
able to answer the question, I would like to discuss 
some  potential issues in what follows. In order to 
understand how therapies with little potential specific 
effect can still be very effective, and even more effec
tive than therapies with a strong proven specific effect, 
it might be useful to discuss what I have termed the 
efficacy paradox (Fig. 19.1).

Imagine that we have two types of treatment, each 
tested against its appropriate placebo for specificity in 
the same condition, say chronic headache, and the same 
type of patients. Treatment x, we find, tested against 
its placebo, produces only marginally superior specific 
effects and is found to be not significantly different from 
control; its effect size visavis placebo is small. Treat
ment y, however, shows a strong specific effect; hence, 
in a trial it is significantly superior to placebo and thus 
we call it efficacious. But it can still be the case that the 
gross effect of treatment x, let’s say homeopathy, is larger 
than the gross effect of treatment y, say pharmacologic 
treatment, although treatment y is efficacious against 
placebo, while treatment x is not. This can be because 
the nonspecific effect is a variable quantity. The placebo–
control groups of trials control for various effects: mea
surement artifacts, regression to the mean, spontaneous 
improvements and fluctuations, plus the nonspecific 
effects of therapies. Assuming that the methodologic 

FIGURE 19.1 Efficacy paradox: an intervention with small and nonsignificant effects (treatment x) may be more effective overall than an 
 efficacious one (treatment y); adapted from Walach.59 This figure is reproduced in color in the color section.
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artifacts across trials are roughly the same, it is highly 
implausible and factually wrong to assume that the 
nonspecific effects are constant across trials. Following 
statistical reasoning, such nonspecific effects have been 
conceptualized as error variance that can be neglected. 
However, it is more likely that it is not error variance 
but very systematic variance that is part and parcel of 
those nonspecific effects. Depending on the treatment, 
depending on patients’ expectations, depending on 
the information they receive, these effects might vary 
tremendously.

This can be illustrated by the classical German Acu
puncture (GERAC) Trials. These were among the larg
est acupuncture studies ever done and were conducted 
in three conditions: prevention of migraine,60 treatment 
of chronic low back pain,61 and treatment of osteoar
thritis of the knee.62 All three studies were randomized 
and placebocontrolled. All three studies also had a 
conventional control arm. This third conventional arm 
consisted of bestpracticeguidelineoriented therapy 
and was thus deemed to be the best available conven
tional treatment option and thoroughly evidencebased 
in itself, i.e. based on placebocontrolled trials in the 
case of pharmacologic treatments. But not only phar
macologic treatments were applied in that bestpractice 
arm; other treatments, such as physiotherapy or mas
sage, were used if indicated. The placebo arms of these 
studies consisted of standardized superficial needling—
only 1 mm deep insertion of the needles—in points that 
were agreed in advance by experienced practitioners to 
be nontherapeutic. Acupuncture was by formula, with 
a modest range of individualization representative of 
what an average patient could expect to receive from 
any well trained GP who had received an acupuncture 
diploma from one of Germany’s acupuncture societies.  
Altogether, these were well planned trials indepen
dently sponsored by German statutory reimbursement 
insurance companies. The companies also recruited the 
patients, informing them that ‘two types of acupunc
ture’ were being tested against each other and against 
standard treatment. The point, which not many people 
realize, is that the patients of the insurance companies 
were promised acupuncture but only if they partici
pated in the study. Thus an expectation had been built 
up in patients that they would receive some acupunc
ture. They did not know that one of these types of acu
puncture would be sham, as it had been dubbed ‘some 
novel kind of acupuncture,’ which, descriptively speak
ing, was certainly true.

It is important to hold this piece of information in 
mind when looking at the results: in none of the stud
ies was true acupuncture significantly better than 
sham acupuncture. In two of the studies, back pain and 
osteoarthritis of the knee, both sham acupuncture and 
true acupuncture were not only statistically but also 

clinically superior to bestpracticebased conventional 
treatment. And in the third study, migraine prevention, 
all three treatment arms were equally effective. This 
is indirect evidence of the efficacy paradox come true: 
treatments that are clearly efficacious and evidence
based are only half as effective as sham treatments in 
two cases and equally effective with sham treatments 
in the last case (see also Ch 26 in this book). Why was 
this so? Two points stand out. First, patients expected 
to receive acupuncture. When they were randomized 
into one of the acupuncture arms, their expectation was 
met. We can hypothesize that they were then relieved, 
were more likely to anticipate improvements and more 
likely to be compliant. They were surely also more 
likely to rate improvements more positively. As the 
studies were not blinded, and the outcome assessment 
was based on patientreported measurements, such a 
bias is likely. But it is certainly not enough to explain 
such a large effect. Second, patients in the conven
tional arm were probably disappointed. The insurance 
company had advertized acupuncture and now they 
did not receive it. Rather they had to undergo conven
tional treatment, which most patients had experienced 
already.

What happened in a study might happen in everyday 
practice. Patients form certain expectations about what 
they are about to experience. They read, they talk to 
other patients and friends. They go by word of mouth. 
They come with a certain mindset of preparedness or 
not, and thus nonspecific effects are more likely.

The same can be said about other therapies: homeop
athy, for example, or spiritual healing. By and large, the 
indication that homeopathy is more than placebo is weak 
at best.55,63 Especially in chronic headaches, a series of 
studies has been conducted which have not been able to 
replicate initial strong effects of homeopathy over pla
cebo.64–67 Thus, at least in headaches, homeopathy has 
not been shown to be superior to placebo. Yet, patients 
seek out homeopaths, especially patients with chronic 
headaches, and apparently with success. A careful pro
spective documentation study of classic homeopathy in 
chronic headaches in 230 adult patients shows a large 
effects size of 2.4 standard deviations of improvement 
against baseline after 2 years.68 At the same time, the 
consumption of conventional medications was drasti
cally reduced. Thus, independently and indirectly, the 
efficacy paradox can be seen here as well. Why is a 
therapy, without proven superiority over placebo, still 
highly effective in a practical sense? I am not aware that 
conventional pharmacologic therapies can actually pro
duce effect sizes of this magnitude at such long follow
up periods. We were unable to detect a  significantly 
different effect of spiritual distant healing over no
treatment in a blinded condition.69 Nevertheless, in a  
waitinglist controlled study without  shamcontrol, 
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spiritual healing produced a sizable effect of d = 0.6 in 
patients who were deemed to be without any further 
treatment option by conventional standards.70 Here 
again, we see the same phenomenon: what is arguably 
not different from placebo can have strong and clinically 
relevant effects, even in a situation where no proven 
treatment is available.

Thus, the efficacy paradox is alive and well, and 
many CAM treatments are a good example of how 
interventions that appear to lack strong specific  
efficacy—they may have some, but it is difficult to pin
point it, or it is quite small—can nevertheless produce 
strong, lasting and clinically relevant effects. This is 
similar to a skillful childrider steering a strong horse. 
Seen from a distance this might look like a horse run
ning all on its own. So how are we to make sense of 
this situation? I suggest by redefining ‘placebo effects’ 
as selfhealing response, and by seeing CAM interven
tions as a set of different methods to stimulate a com
plex system into recalibrating its set point that defines 
the normal state of the system, and/or to then reach 
this point of optimal balance by various means of self
regulation that are far from understood in their entirety 
and complexity.

JEROME D FRANK’S MODEL OF  
GENERAL HEALING EFFECTS OR 
COMMON FACTORS IN THERAPY

In 1961, Jerome D Frank had already produced a gen
eral model of healing in his classic study Persuasion and 
Healing.71 In this model, four elements join together to 
promote a generic healing response:
  

	 •	  A therapeutic myth or narrative, shared by both 
patient and practitioner

	 •	  A persuasive therapeutic ritual
	 •	  A strong affective bond between patient and prac

titioner that conveys security, understanding and 
thereby promotes relaxation and a reduction of 
anxiety

	 •	  Convincing insignia of therapeutic power of the 
practitioner

  

Stemming from psychotherapy research, one could 
add a fifth element:72
  

	 •	  Mobilizing resources in the patient and empower
ing him or her

  

One can find different names for these aspects in the 
literature, but by and large the content will remain the 
same.73 I suggest that this is also a good model for under
standing a large part of what is done by any medical sys
tem, and especially by CAM methods. My assumption is 
that CAM practitioners are implicitly very good at using 

these factors, perhaps without even knowing that this is 
what they are doing.

THE COMMON MYTH

Many patients turn to CAM doctors or practitioners 
out of disappointment with the conventional system.74 
They may suffer from sideeffects, do not want to con
tinue taking drugs on a continuous basis, or do not 
improve with conventional treatments. Often, and this 
is especially true for complementary cancer treatments, 
they want to engage themselves to ‘help the immune sys
tem,’75 when conventional wisdom tells them that there 
is nothing to do, that they have been treated. So they  
turn to someone who shares their implicit view of the 
world and of themselves. They seek out the ‘natural,’ 
the ‘soft’ or more wholesome treatments and especially 
treatments that offer holistic approaches.76 That implies a 
philosophical or even ideologic affinity to the therapeu
tic myth underlying some WSM and CAM interventions. 
And CAM practitioners have what many conventional 
doctors either lack or do not take seriously: time to talk 
to patients.77,78 They explain what they do and why they 
do it. They explain their world view or the medical view 
of the system they represent. So a homeopath may say 
things like ‘homeopathy is a system where we treat the 
whole person’—very pleasant, exactly what one is look
ing for; ‘the medicines we use are actually devoid of any 
substances, it is only the information that we use’—now 
that is clever, is it not, sounds fascinating; ‘in order to 
treat you properly I will have to take some time, an hour 
maybe, perhaps more, to listen to all you have to tell me, 
and I will perhaps also have to ask you about other dis
eases you might also have, or past ones’—now, finally, 
a doctor who wants to hear what is bothering me as a 
whole. And on it goes, until a good fit between homeo
path and patient is established. We have little research 
on this process, but what we have documents: both for 
homeopaths and patients, the establishment of a good 
relationship is the most important focus and takes a lot 
of time.79

Most CAM therapists will take time to explain to 
patients what they do and why they do it, if patients are 
not already primed by popular media or the internet. 
And here patients find mainly softscience versions that 
will speak of ‘regulating life energies’ or ‘chi’ or ‘prana,’ 
or the use of more sophisticated language about ‘infor
mational fields’ and ‘quantum approaches’ to healing. 
All this can be very effective in establishing a common 
language and a common myth. And, indeed, this might 
have a strong placebo effect. We once studied the effect of, 
what we suppose, is a clear pseudomachine, a socalled 
radionic treatment system.80 In such a system, a random 
number generator chooses from various databases of 
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names of homeopathic remedies, sentences of wisdom, 
healing colors, and so forth, the ones that ‘conform’ to 
a patient, and then ‘send’ it via an interface to a kind 
of crystal that is attached to the computer which is then 
said to ‘radiate it out’ into the universal ‘energetic field’, 
‘biasing quantum probabilities’ that can then foster the 
healing of the person in question. This whole myth is 
being bolstered by the usage of some quantum terminol
ogy and some, in fact quite interesting and valid, data 
out of the Princeton Engineering Anomalies Research 
Lab that conducted many studies over decades on the 
influence of human intention on random systems.81,82 
Thus, a postmodern, but largely pseudoscientific, myth 
is created that can be discerned as lacking a true scien
tific basis only by specialists or people knowledgeable 
enough to understand the lingo and its ramifications. To 
normal consumers it sounds very convincing and scien
tific, and most people don't care that much anyway, as 
long as some plausible story is in the background. And 
most of the time the complex myth is used to convince 
the practitioner who then buys the machine and uses a 
downgraded and simplified myth of his own to explain 
to patients.

In our study of this system we conducted a partially 
blinded experiment in our former department. People 
were free to formulate problems, health problems, per
sonal problems, or whatever they wished changed in 
their lives. The problems were forwarded to the system 
operator who entered them into the database. Every
thing being remote, there was no interaction between 
system operator and participant, much as in a distant 
healing study. Participants knew about the system under 
study and received a kind of simplified version of the 
therapeutic myth. Half of the participants were random
ized to wait, and half received their first treatment, and 
everyone was blind as to group assignment. In the sec
ond half of the study, people were told that they were 
being treated. They had to rate goal attainment after 
each treatment period. By that method we could indi
rectly estimate the ‘placebo’ component. When people 
knew that they were on ‘radiation’ they rated their goal 
attainment significantly higher and were actually quite 
surprised about how many of their problems were being 
helped by the treatment.

This is a nice illustration of how a common myth, 
and knowing about the treatment being applied, may 
even make a seemingly silly apparatus a powerful ther
apeutic catalyst, or, put differently: in our modern era 
electronic equipment is a prime trigger of faith in some 
power of healing, as people have ample experience with 
the miracles of our electronic age. The important thing, 
after all, is not what is being really done in a treatment, 
but what patients think or believe is being enacted.83 One 
of our students, a medical doctor, uses this equipment 
together with some other elements, such as homeopathy. 

In a systematic retrolective study of all allergic rhinitis 
patients in a season, 43 patients altogether—all with 
various pretreatment histories and dependent on topi
cal antihistaminics or systemic cortisone during the pol
len season—she saw good results in 93% of her patients, 
and even if one reduces this figure by those 8 patients 
who did not respond, or who could not be reached, this 
is still a stunning result. The patients had much fewer 
symptoms, and most of them could stop their topic or 
systemic medication—which, again, generates the myth 
of ‘the only doctor far and wide that can help you with 
these symptoms’; and on it goes (these data are from an 
unpublished thesis of Dr Daniela Jobst to be prepared for 
publication).

CAM systems are under pressure from mainstream 
medicine and critical media. Thus they generate their 
apologetic narratives. These are mainly founded on 
stunning therapeutic case histories, e.g.84 The histories 
themselves are very likely true in most cases. However, 
it is unclear how representative they are. Doctors and 
patients alike are interested only in the success stories, 
and they forget the rest. Thus, myths are created by word 
of mouth on the part of the patients and by selective 
memory on the part of the doctors.

CAM is not alone in using therapeutic myths. Con
ventional medicine does the same, and to good effect. 
One of the rare studies of surgery that was placebo
controlled compared true arthroscopy in osteoarthritis 
against a treatment arm where only half of the proce
dure was carried out, and against a sham operation, 
where only a small incision was made.85 After 2 years, 
all three treatment arms were equally effective and could 
reduce pain considerably. But obviously there was noth
ing specific about the operation. But clearly, it speaks to 
an understandable narrative: debris in the joint has to be 
mechanically removed, and if it is, the knee will again 
function well. And so it does. Only it is not the removal 
of the debris, but the power of the therapeutic myth that 
works the miracle.

THE RITUAL

All therapy is ritualistic, even if the ritual is only the 
handing over of the prescription and the fetching of 
the medicine in the pharmacy, all combined with a few 
words of hope and suggestions of improvement. Frank 
has clearly established the ritualistic elements of conven
tional medicine. And it is not difficult to spot them in 
CAM treatments. Here, very different rituals are being 
enacted. TCM is full of rituals, starting with foreign 
ways of diagnosing, through looking at the tongue and 
palpating the pulse, inserting needles and burning moxa 
(a mixture of herbs with strong odor), handing out quite 
complex prescriptions for very strange herbal drugs, or 



PLACEBO AND PAIN196

even mixing the herbs in the clinic in front of the patient, 
all combined with individualized suggestions for diet. 
Homeopathy has established its own rituals, starting 
with a longwinding and complex casetaking process, 
handing out tiny sugar globules, taken out of the doc
tor’s cabinet containing hundreds of other, similar look
ing ones, thereby suggesting individual importance. 
The prescription is given together with complex advice: 
the globules should not be taken in temporal vicinity to 
food, slowly sucked, not swallowed. Many homeopaths 
prohibit drinking coffee, at least on the day or days 
immediately following the intake of the remedies; some 
also advise using specific tooth paste, and a well reputed 
Swiss company even sells ‘toothpaste compatible with 
homeopathy,’ i.e. without peppermint. Next, patients are 
instructed to carefully observe themselves in order to be 
able to report back any changes. This is clever, for self
observation, if done with a stance of curiosity and mind
fulness, will surely reveal the fluctuating nature of every 
type of symptom and will allow the patient to focus on 
the improvements, which will likely trigger a circle of 
positive expectation. But also negative experiences are 
used: if the symptoms get worse, the narrative defines 
this as a ‘therapeutic aggravation,’ which is ‘a good prog
nostic sign’ for future improvement. Although, from the 
point of view of homeopathy, there are also clear indica
tions of situations when the remedy has been wrongly 
chosen, on the part of the patient the selfobservation is 
likely to promote a positive circle.

Other therapeutic systems or doctors use their own 
rituals. Spiritual healers, depending on their training 
and model, will use certain movements of the hand in 
the ‘aura field’ of the patient. Indeed, a study of spiritual 
healing in chronicpain patients, where a sham condition 
was created by an actor who had previously studied the 
movements of healers carefully, showed no difference 
between the true and the sham healing condition.86 But 
both patient groups showed a strong improvement of 
d = 1.2 standard deviations from the baseline value, and 
13 of 60 patients had an improvement of more than 50% 
after 8 weeks. This is considerable, if we keep in mind 
that the patients had been chronicpain patients with 
many years of unsuccessful previous treatment history.

The myth of bioenergy has been mentioned. Building 
on it—and perhaps also on some efficacious principle 
we do not know enough about—bioresonance therapy 
can be very effective in practice. Indeed, in a prospec
tive documentation study of 935 patients who suffered 
from untreatable chronic pain, 800 or 85.6% had good or 
sufficient pain relief. Some 18% of those can be consid
ered healed, and 45% of those improved had consider
able improvement. Half of the patients were treated only 
five times.87 This is quite puzzling, given that all the 
patients had been pretreated without success by vari
ous methods.

This myth of CAM methods as the last resort of 
patients close to desperation is something that is nearly 
a constant across modalities. Perhaps in such a situation 
patients have no clear expectation, or whatever they used 
to hold true about themselves, about medicine, about the 
world, is likely quite shaky by the time they see a CAM 
practitioner. This is the time when they are confronted 
with a new ritual that may capture their imagination, 
rekindle their hope and thus set in motion changes that 
ultimately lead to therapeutic improvements.

Rituals, it has been observed, stimulate our capacity 
to be attentive, to be present and to engage emotionally 
with a novel situation, perhaps even in a slightly hyp
noid situation.88 This change of attentional focus will, by 
default, affect the dopaminergic system.89 The dopami
nergic system itself has strong interconnections with the 
endogenous opioid system via connections in the peri
aqueductal gray of the midbrain.90–92 Thus, it is imme
diately obvious that strong rituals will always, to some 
extent, activate this system. Although there is no direct 
evidence as yet, it can be plausibly expected from what 
we already know that this is the case. Rituals, then, can 
be a strong trigger for selfhealing responses, and we see 
quite a few of those in CAM practice.

RELATIONSHIP AND THE  
ALLEVIATION OF ANXIETY

We know from the classic study of Thomas93 that 
being positive is more decisive than giving a medicine. In 
this study he randomized 200 patients who had no seri
ous medical problems in a 2 × 2 factorial design into four 
conditions. They were either treated or not; half of them 
received a positive message and half of them a neutral 
to negative one. Those who received a positive message 
were told that nothing was wrong with them and all will 
be well soon. Those who received the neutral message 
were told that some further testing was necessary because 
the findings were unclear and the symptoms might be 
signs of a more serious underlying condition. These are 
two quite ritualistic trajectories of patients with unclear 
symptoms meeting with either a clinically experienced 
or insecure GP. Some 64% of the patients with a positive 
consultation were improved after 2 weeks, but only 39% 
of the negative ones. Receiving treatment was irrelevant. 
This study is a tale of secure relationship and attachment, 
really. Attachment experiences from our early childhood 
are the condensation nuclei of templates for later experi
ences.94–96 People who have a rather secure attachment 
history are less prone to psychologic problems and thus, 
as a consequence, also to pain and other psychosomatic 
conditions. By proxy and analogy, a strong attachment 
experience with a surrogate attachment figure may be 
able to heal and improve some of the deficits in earlier 
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attachment history, we may assume. Therefore, thera
peutic relationships that are always both a repetition and 
a corrective of earlier attachment experiences will have 
to be strong and reliable, if they are designed to alter and 
improve a dysfunctional attachment style. This is how I 
think CAM and WSM make use of this modality:

Most CAM therapies emphasize good patient–
practitioner relationships. In some modalities, such as 
in homeopathy, this is functionally necessary for optimal 
treatment, and will be the result of frequent, intense and 
psychologically quite intimate interactions.79 In other 
modalities it will be the style of practitioners in private 
practice in order to convince patients of their money’s 
worth. Again some other modalities, such as massage, 
shiatsu, reflexology, craniosacral work all use very 
gently touching techniques, physical rather than verbal 
kinds of communication that tap into those early regis
ters of attachment experiences, potentially correcting or 
improving them, on top of what else they may therapeu
tically do.

There is only little empirical evidence as of now, 
because most researchers have focused predominantly 
on the specific components of treatments. But an inter
esting first study of homeopathy in rheumatoid arthritis 
has shown that the consultation is much more important 
than the remedies being supplied.97 A careful study that 
used only placebo acupuncture standardized the contact 
to various levels of intensity in irritable bowel syndrome 
patients.98 One group had no contact and had to wait. 
One group had minimal contact and received practi
cally no oral communication, only sham needling, while 
the third group received also conversation and inten
sive verbal contact. It was clearly visible that patient
reported outcome, as well as clinicianrated outcome 
by a blind assessor, in the third group was significantly 
superior and clinically twice as large as the results in 
the restricted communication group, which, again, had 
superior results to the waitinglist control group. This is 
the first direct experimental evidence that contact and 
communication itself is a therapeutic element.

Conversely, qualitative research on the conventional 
behavior of GPs has shown that their communication 
behavior is not really very therapeutic and professional. 
They often signal courtesy, but disinterest, and thus very 
likely neglect the strongest therapeutic factor they could 
possibly use,99 and we know that implicit verbal signals, 
e.g. using words such as ‘not’ frequently or ‘pain,’ will 
yield a more negative outcome.100,101 Although there 
is no comparative research, it can be safely assumed 
that one reason why patients seek out alternatives is 
that they feel better understood or listened to by CAM 
practitioners.79

Frank observed that a strong therapeutic relation
ship may work via relaxing the patient, alleviating his 
or her anxiety, giving hope and some security in all the 

turmoil. Psychotherapy research has since unconvered 
that the variance that is due to differences in methods 
is likely less important than the variance due to differ
ences in therapists, and hence in personal style, per
sonality and likely also attachments.102,103 While the 
difference in method variance in a metaanalysis was 
close to zero, the variance attributable to the therapist 
was 8% in a remodeling of a famous comparative psy
chotherapy study.104 In general, modern psychotherapy 
research has clearly pointed to the therapeutic alliance 
as one of the central elements in therapy,105,106 and it is 
obvious that a good therapeutic alliance can be formed 
only if patients’ preferences and styles are respected by 
the therapist.107 The therapeutic alliance is the stron
gest therapeutic factor, and mindfulness is one of the 
best methods to foster it.108 An interesting study in this 
respect is the one by Grepmair.109 Here, 18 cognitive
behavioral psychotherapists in training, who worked in 
an inpatient psychotherapy clinic, were randomized to 
participate in a regular meditation session in the morn
ing with a SotoZen master for an hour each day, or to 
carry on as usual. Their patients did not know of the 
practice of their therapists. Patient outcome was mea
sured after 9 weeks and was drastically and significantly 
improved in those therapists who had followed the 
meditation practice in the morning.109 It is implausible 
to assume that the therapists changed their modality or 
their interventions as such, as they all had a behavioral 
cognitive therapeutic training and needed to conform 
to this for their graduation. Thus, what they changed 
must have been on the level of relationship and how 
they engaged with their patients. Whether they may 
have caught more subtle cues due to the meditation 
training, were more empathic, or had a more competent 
behavior in shaping the relationship, is not known. In 
another study with physicians, mindfulness training led 
to a moderate improvement in empathy.110 We know by 
now, through a disturbing study, that medical students 
who enter medical school with a high level of enthu
siasm and empathy lose their empathy and idealism 
over the course of their training,111 and thus very likely 
their most important resource. Thus it is not surprising 
that people turn to doctors where they find empathy 
and time to be listened to. It is empathy and time that, 
in the case of the Glasgow Homeopathic Hospital, are 
the most important factors in the opinion of patients,78 
and empathy correlates moderately with outcome.112 If 
empathy can already be observed to have an effect on 
pain perception in mice,113 we can assume that there is 
an intimate relationship also in humans. And indeed, it 
appears to be one of the strongest elements shaping the 
doctor–patient relationship.114

We can reconceptualize many CAM modalities 
as ways of improving patient–doctor relationships 
and thereby allow for a modification of attachment 
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experiences through the means of ample time provision, 
empathy, puzzling and novel rituals and narratives. It 
is therefore not at all surprising if strong effects in the 
change of pain perception and other symptoms have 
been consistently observed. It is completely inadequate 
to neglect and brush them aside as ‘placebo effects,’ as 
they are genuine selfhealing responses, triggered by 
empathic relationships quite as in psychotherapy.

INSIGNIA OF POWER

Although Frank insisted that this is an important ele
ment in how nonspecific effects are being brought about, 
there has been little research in this area. Apart from 
some scattered evidence that branding an analgesic pla
cebo will make it more potent,115 there is little knowl
edge on this issue. Ethnographic evidence has provided 
us with colorful descriptions of the insignia of power of 
shamans, like feathers, masks, rattles, antlers, and the 
like.116 Frank has paralleled them to the insignia of power 
in modern medical practice, such as the white coat, the 
stethoscope, the framed and gilded diplomas hung from 
the wall, or the prizes on the book shelf, etc. However,  
I am not aware that this has been formally evaluated in 
its real power to create positive expectations.

Interestingly, though, alternative practitioners and 
doctors display the same kind of diligence with their 
certificates of healing prowess. TCM practitioners nor
mally enjoy displaying their titles and certificates in for
eign Chinese letters, even though no one will be able to 
understand them. Although, at least in Germany, every 
doctor can practice homeopathy freely, there is a dense 
network of certification courses run by the German med
ical boards that also organize the exams. It is very doubt
ful that GPs in their own practice would make the effort 
to take exams again, if it were not for the patients who 
will doubtlessly prefer an examined, boardcertified and 
hence purportedly more powerful homeopathic doctor 
to one without this exam and the legal possibility of pin
ning that new certificate to his board. While one aspect 
of the current discussion around board certification, leg
islation and voluntary registration of lay practitioners of 
CAM methods in Europe, is certainly around issues of 
safety and patient protection,117 another aspect is that of 
signification of power. Who has been examined by the 
state or a legal body is more powerful than others. Crit
ics therefore often attack first along the line of education 
and certification.118 In the UK, all the academic institu
tions running CAM courses have come under pressure 
and have been attacked by activists in that university 
directorates and deans have been approached for vali
dation material on the basis of the freedom of infor
mation act. This makes perfect sense from the point of 
view of therapeutic effectiveness: if official insignia of 

therapeutic strength are being reduced, therapeutic 
credibility, and hence results, will drop.

EMPOWERING PATIENTS AND 
MOBILIZING RESOURCES

There is little doubt within the psychotherapy 
research literature that mobilizing patients, tapping into 
their resources and helping them to use these is one of 
the most therapeutic acts a therapist can perform and 
likely also one of the strong common factors.119 The liter
ature on increasing selfefficacy and symptom improve
ment is huge. And as a very general and generic result 
of the research findings, we can state that increasing self
efficacy and helping patients to access their resources 
is a major therapeutic step.120 While this is also increas
ingly seen as important by conventional medicine, CAM 
methods are, by and large, intrinsically prone to do this. 
While the theoretical stance of BM is that the experts—
diagnosticians, the doctor, the system—know what the 
problem is, and how to treat it, thus making patients pas
sive recipients of therapeutic acts that are being brought 
forward by others to the patient, most CAM modalities, 
if they are more than just prescribing a herbal remedy 
instead of a conventional one, require the patient to 
become active. A simple first step is: patients have to 
choose to step out of the conventional mainstream sys
tem. This in itself is a decision and means that they have 
to undergo a completely new type of treatment, tell their 
story again, undergo new procedures, probably pay out 
of their pocket for at least some of the treatment, if not 
all. Then, depending on the modality, their new thera
pist will not only do something to them but will require 
patients to cooperate—either by volunteering informa
tion, perhaps even very personal and intimate informa
tion, or by following certain lifestyle and dietary advices, 
or by engaging in a new type of regular practice, whether 
this is some small exercise program or some other life
style ritual does not really matter. Selfinduced activity is 
the principal element here. Most practitioners are eclec
tic. That is, even hardnosed homeopaths will rarely just 
prescribe globules, but will always give some advice, for 
instance regarding diet, or offer some exercises, perhaps 
relaxation tapes. Lifestyle advice is probably among the 
broadest categories of what CAM practitioners do across 
the board. That will always mean: giving responsibil
ity about their lives back to patients, supporting their 
choices and thus empowering patients. Often, there is 
an alliance between the CAM doctor and patient against 
treatments and their providers that have been unsuc
cessful, although increasingly this competitive stance 
is being replaced by a joint effort to help patients. This 
means that patients will feel supported in their view, and 
in taking responsibility for their health and their lives.
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What little research we have shows: CAM is seen 
as empowering and as increasing selfefficacy in 
patients.121–123 Whether this is also the therapeutic mech
anism we do not know. But the hypothesis is plausible 
that CAM, by definition and default, is more easily per
ceived by patients, than is BM, as helping to empower 
them. Thereby, CAM is using a very strong component 
of nonspecific therapeutic effectiveness. And again: it 
would be completely wrong to attribute this merely to 
the ‘placebo’ nature of CAM. More precisely, and more 
usefully, it is seen as using one factor from a whole set of 
common factors that stimulate selfhealing.

SUMMING UP: THE SPECIFICITY OF 
NONSPECIFIC EFFECTS AND  

THE ELEGANCE OF REDUCING  
SIDE-EFFECTS BY ‘PLACEBO’

It needs to be stated that the derogatory connotation 
of the word ‘nonspecific,’ in an age that worships and 
offers to the god of specificity, which is at the same time 
the idol of pharmacology, is, in my view, completely 
inadequate and out of place. The purported ‘specificity’ 
of, say, a serotonin agonist to treat acute migraine is quite 
nonspecific because the serotonin agonist will increase 
serotonin bioavailability of serotonin not only at recep
tor sites, where it is really needed, such as at the endo
thelium of the cranial vessels in the case of migraine, but 
also in other places in the body. The morphine given to a 
pain sufferer is specific to opioid receptors in the brain’s 
pain network, but not only to those: it will also have 
numerous ‘specific’ but unwanted effects in the periph
ery, thus producing the side effects such as constipation. 
This is the reason why all ‘specific’ drugs also produce 
more or less intense sideeffects. It is because they are 
not specific enough and their specificity refers only to 
receptor categories, and not to specific receptor sites.

A case can be made that, contrary to this situation, 
the purported and socalled nonspecific effects are actu
ally even more specific, as placebo effects or therapeu
tic responses to nonspecific interventions happen in 
places where they are really needed. Placeboinduced 
endogenous opioid receptor activation has a much 
smaller target area than a druginduced one, but it is 
exactly the receptors that are important that are being 
activated, but no other ones.124 Placebo effects can be 
very specific.32,125–128 If we take the novel definition of 
placebo effects as effects of the meaning of an interven
tion seriously, then, by that very token, these effects are 
individualized and thus specific. They are specific in a 
way that conventional pharmacologic interventions can 
never be, because they will always only be able to tar
get classes of receptors, even though very specific ones, 
across the whole organism. Contrary to that, nonspecific 

interventions, because they are actually stimulating self
healing responses, are only targeting those systems and 
receptors that are in need of recalibration and that are 
really dysregulated.3 This is especially true for treat
ing pain. We have enough evidence that, in acute cases, 
pain can be modulated by topdown inhibitory regula
tion through opioid pathways, and placeboinduced 
analgesia does exactly this.40 Empirically, we know that 
CAM treatments can also be effective in chronic pain, 
as demonstrated by a few examples referred to above. 
This will not only involve topdown inhibition of pain 
signaling, but remodeling of neuronal pain memory and 
a change in longterm potentiation at the level of neu
ronal circuits. How this works, we do not know. But we 
have data to suggest that CAM modalities can, at least 
sometimes, contribute to this very specific relearning. 
The emotional–cognitive regulation processes involved 
will probably activate very specific networks that are yet 
to be uncovered.

So what should become clear from this discussion 
is that, paradoxically speaking, nonspecific effects, like 
those from many CAM interventions, are in truth much 
more specific than the socalled specific interventions 
pharmacology uses. And this is likely the reason why 
many CAM modalities are preferred by patients because 
their potential to create sideeffects is less. Indeed, the 
most elegant therapy yet to be invented would be one 
which would be able to stimulate only those physical or 
psychologic systems that are in need of regulation, leav
ing all the others alone, without any potential for harm, 
using a very generic, simple and easytoapply modality. 
The placebo component of many CAM modalities has 
already come close to this ideal. Hence, far from being 
relics of a distant past, where people did not know what 
to do with patients, to me they sound rather like her
alds of a potential new era of therapy where we have 
learned to stimulate the body into healing itself only in 
those respects that need healing, and leaving everything 
else untouched.
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INTRODUCTION

Traditionally, the placebo phenomenon has been 
closely related to medical practice, and through history 
the conceptualization of placebo effects has evolved 
with new ways of practicing, testing, and understanding 
medicine.1–3 As placebo became a research topic in 
its own right, studies began to reveal small, medium, 
and large placebo effects, and researchers began to 
synthesize these findings via meta-analysis. A number 
of meta-analyses have been performed, however, with 
quite different results. The heterogeneous findings are 
related not only to the various methodologies used, but 
also to different conceptualizations of placebo analgesia 
effects.4–7 A consistent finding across the meta-analyses is 
a highly variable magnitude of placebo analgesia effects. 
It is therefore of great interest to specify the factors that 
influence this magnitude. Meta-analyses may be of some 
help in this endeavor, but as experimental studies allow 
direct manipulation of potentially contributing factors, 
further study of the interplay between meta-analyses and 
experimental studies may be the best way to advance the 
understanding of placebo analgesia phenomena.

In this chapter, we briefly outline the development in 
the conceptualizations and definitions of placebo effects. 
The most important meta-analyses of placebo analgesia 
effects are presented, and we show how the various con-
ceptualizations of placebo effects influence the findings 
of the meta-analyses. This leads to a review of experimen-
tal studies that corroborate and specify the results from 
the meta-analyses. Finally, we discuss new approaches 

to the investigation of placebo analgesia, and we outline 
the current status and developments within the field.

DEVELOPMENTS IN THE 
CONCEPTUALIZATIONS AND 

DEFINITIONS OF PLACEBO EFFECTS

The word placebo derives from the Latin phrase 
‘placere’ which means ‘I want to please’.1 Traditionally, 
 placebo has been conceptualized as a common method 
or medicine prescribed in order to please the patient, i.e. 
not because of its efficiency.1,2,8,9

With the introduction of the double-blind, randomized 
clinical trial (RCT), placebos became conceptualized as 
inert agents such as sugar pills, saline injections, and sham 
treatments.1,2 In order to demonstrate the efficacy of a new 
pain medication, it was necessary to test it in comparison 
with an inactive placebo agent.1 Thus, within this para-
digm, placebo agents were used as control conditions, and 
placebo conditions were not controlled for factors relat-
ing to the administration of the inert agent (e.g. doctor–
patient relationship, the patient’s expectations toward 
treatment efficacy) or for factors relating to the disease 
or the design of the study (e.g. spontaneous remission, 
regression to the mean). The reduction in pain following 
administration of inert placebo agents is often termed a 
placebo response or a placebo effect.10–13 This terminol-
ogy is, however, misleading. Many diseases fluctuate over 
time (Fig. 20.1A). If an (inactive) pain treatment is given 
when pain levels are high, which is often the case when 
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patients seek treatment or are included in a trial, it is not 
possible to deduce whether the subsequent pain reduc-
tion is due to the  treatment or to the natural history of the 
pain disease (Fig. 20.1B). Hence, within such a design it is 
not possible to estimate the effect of the placebo treatment 
independently from confounding factors such as sponta-
neous remission and regression to the mean.13

As researchers became interested in investigating 
placebo phenomena in their own right, it was necessary 

to distinguish the effect of the placebo treatment from 
changes in the natural history.14 This was done by includ-
ing no-treatment control conditions, so the actual effect 
of the placebo treatment, the placebo analgesia effect, could 
be calculated as the difference in pain levels between the 
placebo-treated and the no-treatment group or condition 
(see Fig. 20.1C and Table 20.1).5,13,15,16 Hence, the inclu-
sion of a no-treatment group or condition enabled an 
estimation of the magnitude of placebo analgesia effects 

(A)

(B)

(C)

Natural history of pain

“Improvement” following
administration of inert
placebo agent

Reduction in pain after
no treatment (i),
placebo treatment (ii) and
active treatment (iii).(i)

(ii)

(iii)

Se
ve

rit
y 

of
 p

ai
n

Time

Time

Time

FIGURE 20.1 The development of pain is illustrated under three different conditions. (A) No- treatment control condition showing the natural 
history of the pain. (B) Treatment with an inert placebo agent showing that the pain reduction following administration of an inert treatment may be 
due to the natural history of the pain rather than to the treatment. (C) No treatment (i), placebo treatment, (ii) and active treatment (iii) allowing for 
a calculation of the placebo analgesia effect as the difference in pain levels between the no-treatment and the placebo treatment group or condition.

TABLE 20.1 Definitions of Placebo Agents and Placebo Effects

The placebo analgesic agent: ‘an inert agent’13 p. 35 and/or ‘all external aspects of the therapeutic intervention that can be perceived by the 
patients or the experimental subject’5 p. 207.

Empirical definition of placebo analgesia effects: ‘The measured difference in pain across an untreated and a placebo-treated group or across 
an untreated and a placebo-treated condition within the same group (as in cross-over studies)’5 p. 207. It is important to distinguish the placebo 
analgesia effect from changes in pain following administration of an inert placebo agent. In the latter, changes in the natural history of the 
pain are not controlled for, and the pain-reliving effect following placebo administration can therefore not be distinguished from confounding 
factors such as spontaneous remission and regression to the mean13 p. 20–23, 21.

Conceptual definition of placebo analgesia effects: ‘…meaning in the origins or treatment of illness’18 p. 472 and/or ‘…the perception of the 
therapeutic intervention…’4 p. 451.

Placebo-like effects: ‘placebo effects without administration of placebo [inert agents]’13 p. 35.
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and at the same time made it possible to investigate fac-
tors contributing to it.

From an empirical standpoint, there is today agree-
ment that the placebo analgesia effect is ‘the measured  
difference in pain across an untreated and a placebo-
treated group or across an untreated and a placebo-
treated condition within the same group (as in crossover 
studies)5 p. 207–208; 13. At present, no single definition 
encapsulates the conceptualization of placebo analgesia 
effects; however, there appears to be agreement that pla-
cebo analgesia effects are related to ‘the meaning in the 
origins or treatment of illness’17–19 and/or to ‘the percep-
tion of the therapeutic intervention’4 p. 451. The growing 
understanding of the contextual and psychosocial fac-
tors that influence placebo analgesia effects has made it 
possible to investigate the effects without administration 
of inert placebo agents. These effects have been termed 
placebo analgesia-like effects (see further description later) 
(see Table 20.1).13,20

META-ANALYSES OF PLACEBO 
ANALGESIA EFFECTS

Placebo Effects: No Control of the Natural 
History of Pain

One of the first meta-analyses of placebo effects was 
conducted by Henry Beecher and entitled the ‘The Pow-
erful Placebo’.22 In this meta-analysis, the placebo effect 
was investigated in 15 clinical trials covering 9 different 
diseases including pain. Placebo was conceptualized as 
pharmacologically inert substances, and the effects were 
calculated as the difference in symptoms before and after 
treatment. Beecher22 found that 35.2% (range: 15–58) of 
the patients reported satisfactory relief following placebo 
administration, and he argued that the placebo effects 
should be utilized to a higher extent in clinical practice.

This meta-analysis was conducted at a time when 
most clinical trials involved only an active and a placebo-
treated group/condition. Thus, the pain relief follow-
ing the administration of placebo was not adjusted or 
separated from confounding factors such as spontane-
ous remission and regression to the mean, which made 
it impossible to estimate the magnitude of an actual 
placebo analgesia effect. These and other methodologic 
problems have been pointed out,8,23–26 but it is still a 
common assumption that approximately one third of 
patients respond positively to a placebo treatment.

Placebo Effects: Control of the Natural  
History of Pain

In 2001, Hrobjartsson and Gøtzsche published a meta-
analysis entitled Is the Placebo Powerless?27 which allowed 

for a calculation of the magnitude of placebo effects inso-
far as it included studies with a placebo treatment and a 
no-treatment group/condition (cf. Fig. 20.1C). The meta-
analysis involved 114 randomized clinical trials covering 
40 different diseases, including pain. No placebo effects 
were found across most of the conditions. Nevertheless, 
in the 27 studies with continuous outcome measures of 
pain, a significant effect of placebo was found as indi-
cated by a pooled standardized mean difference of − 0.27 
(95% CI: − 0.40 to − 0.15), corresponding to a reduction 
in mean pain intensity of 6.5 mm on a 100 mm visual 
analog scale. Since pain is a subjective experience, and 
therefore subjectively reported, the authors suggested 
that the significant placebo analgesia effect might have 
been caused by response bias (see Table 20.2A).

The above meta-analysis aroused attention and was 
by some interpreted as if placebo effects did not exist.28,29 
However, the number and quality of the included stud-
ies,30 the interpretation of the data,31,32 and especially the 
conceptualization of placebo effects33–37 were questioned 
and debated. Hrobjartsson and Gøtzsche conceptualized 
placebo in a practical sense as ‘an intervention labeled 
as such’27 p. 1595, primarily including inactive agents such 
as sugar pills, saline injections, and turned-off vibrators. 
Interestingly, the doctor–patient relationship27 p. 1599 and 
the patient’s expectations were not seen as part of the 
placebo effect.

Placebo Effects: Clinical Trials versus  
Placebo Mechanism Studies

In 2002, Vase and colleagues conducted two meta-
analyses of placebo analgesia effects published in one 
study.4 In these meta-analyses, all studies included 
placebo-treated and no-treatment groups/conditions 
in order for placebo analgesia effects to be calculated. 
Yet, the first meta-analysis included double-blind, ran-
domized clinical trials in which placebo was used as 
a control condition, whereas the second meta-analysis 
included placebo mechanism studies in which placebo 
analgesia effects were the focus of the study. By look-
ing at these two different types of meta-analysis, it 
was  possible to examine the extent to which the study 
design influenced the magnitude of placebo analgesia 
effects. The first meta-analysis included 23 random-
ized clinical pain trials and, in line with Hrobjartsson 
and Gøtzsche, a small but significant placebo analgesia 
effect was found as indicated by an effect size of 0.15 
(range: − 0.95 to + 0.57, Cohen’s d). Interestingly, how-
ever, the second meta-analysis including 14 placebo 
analgesia  mechanism studies found a large and quite 
significant placebo  analgesia effect of 0.95 (range: − 0.64 
to + 2.29, Cohen’s d). Noteworthy, the magnitude was 
significantly different in the two types of meta-analysis 
(p = 0.003)4 (see Table 20.2A).
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These meta-analyses indicate that when placebo is 
used as a control condition in clinical trials, the magni-
tude is generally low, whereas in placebo mechanism 
studies, the magnitude of placebo analgesia effect is gen-
erally high. This finding is not surprising. Clinical trials 
were developed to control for placebo effects and are not 
aimed at optimizing placebo effects. For example, par-
ticipants are typically told via the informed consent that 
they may receive ‘either an active pain medication or an 
inactive placebo agent’, which may lead patients to have 
uncertain expectations about treatment effects. On the 
other hand, placebo mechanism studies often focus on 
the interaction with the health-care provider, and par-
ticipants are typically given explicit verbal suggestions 
to the effect that ‘this agent has been shown to power-
fully reduce pain in some patients’, thereby optimizing 
patients’ potential for developing expectations of low 
pain levels.

The results of the two meta-analyses have been debated 
and recalculated,6,7,38,39 but the finding that magnitudes 
of placebo analgesia effects are high in placebo mecha-
nism studies remains.4,6,7 When the mean effect size in 
the placebo mechanism studies was weighted accord-
ing to the number of participants,38 the effect size was 
1.14, Cohen’s d,7 and when recalculated based on ambi-
guities stated by Hrobjartsson and Gøtzsche,39 the effect 
size was 0.97, Cohen’s d.6 Moreover, the overall finding 
of small placebo effects in clinical trials and large pla-
cebo effects in placebo mechanism studies has been con-
firmed by subsequent meta-analyses. In 2004 and 2010, 
Hrobjartsson and Gøtzsche published updates of their 
meta-analysis from 2001, including separate analyses 
of pain trials using continuous outcome measures.40,41 

The update from 2004 included 44 clinical pain tri-
als and found an effect size of − 0.25 (95% CI: − 0.35 to 
− 0.16), whereas the update from 2010 included 60 clini-
cal pain trials and found an effect size of − 0.28 (95%  
CI: − 0.36 to − 0.19). Also, Vase and colleagues performed 
a new meta-analysis involving 24 newly identified pla-
cebo mechanism studies published in 21 studies6 that 
yielded a large and significant placebo analgesia effect 
as indicated by an effect size of 1.00 (range: 0.12 to 2.51, 
Cohen’s d) (see Table 20.2A).

Interestingly, meta-analyses of placebo mechanism 
studies have also started to specify how different types 
of placebo manipulation and pain induction may influ-
ence the magnitude of placebo analgesia effects.4,6 In 
the first meta-analyses of placebo mechanism studies, 
the magnitude was larger in the three studies inducing 
placebo effects via verbal suggestions combined with 
a conditioning procedure as compared to the 14 stud-
ies using only verbal suggestions and one study using 
only conditioning. This is indicated by the effect sizes 
of 1.45 (range: 0.46 to 2.10, Cohen’s d), 0.85 (range: 
− 1.11 to 2.29, Cohen’s d), and 0.83 (range: 0.82 to 0.84, 
Cohen’s d), respectively, for the three types of study. 
These conditions add up to 18 because some of the 14 
placebo mechanism studies included more than one 
placebo condition4 (see Table 20.2B). In the second meta-
analysis of placebo mechanism studies, the magnitude 
of placebo effects was larger in the nine studies using 
long duration pain stimuli > 20 seconds as compared to 
the 13 studies using short duration pain stimuli < 20 sec-
onds as indicated by the effect sizes of 0.96 (range: 0.12 
to 2.39, Cohen’s d) and 0.81 (range: 0.26 to 1.30, Cohen’s 
d), respectively. Two studies could not be classified 

TABLE 20.2A Meta-Analyses of Placebo Analgesia Effects

Study Type of study Number of trials Number of participants Effect size Range

Beecher 195522 RCTa

No natural history group
15 1082 35.2b 15–58

Hrobjartsson and 
Gøtzsche 200127

RCT 27 1602 –0.27 − 0.40 to 0.15 95% CI

Hrobjartsson and 
Gøtzsche 200440

RCT 44 2833 –0.25 −0.35 to − 0.16
95% CI

Hrobjartsson and 
Gøtzsche 201041

RCT 60 4154 –0.28 − 0.36 to − 0.19
95% CI

Vase et al 20024 RCT 23 1487 0.15 − 0.95 to 0.57,
Cohen’s d

Placebo mechanism studies 14 814 0.95 − 0.64 to 2.29, Cohen’s d

Vase et al 20096 Placebo mechanism studies 24 602 1.00 0.12 to 2.51,
Cohen’s d

All the included studies are explicitly based on continuous measure of pain, except Beecher (1955).22

a RCT = randomized clinical trial.
b This is not an effect size, but a calculation stating that 35.2 ± 2.2% of patients report satisfactory relief following placebo administration. In this publication, the effect of placebo 
administration is not calculated separately for pain trials, so this measure includes conditions other than pain.
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as either using short or long duration stimuli in this 
meta-analysis. The largest placebo analgesia effect was 
found in the three long-duration stimuli studies that 
only tested placebo in relation to hyperalgesic states, 
as shown by an effect size of 1.88 (range: 0.47 to 2.46, 
Cohen’s d)6 (see Table 20.2B).

Although meta-analyses may specify some of the fac-
tors contributing to the magnitude of placebo analge-
sia effects, experimental studies are needed to directly 
manipulate and investigate the influence of the contrib-
uting factors.

EXPERIMENTAL STUDIES OF FACTORS 
INFLUENCING THE MAGNITUDE OF 

PLACEBO ANALGESIA EFFECTS

Verbal Suggestions given for Pain Relief

Pollo and colleagues42 examined whether different 
types of verbal suggestion relating to uncertain and 
certain expectations of pain relief produced different 
placebo effects. Patients suffering from pain following 
thoracotomy were treated with an opioid analgesic and 
an intravenous saline infusion. The patients were allo-
cated to three groups receiving different information 
about the saline infusion. One group served as a natu-
ral history condition and received no information about 
any analgesic effect of the infusion. A second group was 
told that ‘the medication could be either a painkiller or 
a placebo’. This verbal suggestion is ambiguous and 
resembles the use of placebo in the randomized double-
blind clinical trial, attempting to minimize the placebo 
effect. A third group was told that the basal infusion 
was ‘a powerful painkiller’, and this verbal suggestion 

is unambiguous and attempts to maximize the placebo 
effect. The three groups received identical treatments and 
only the verbal suggestions differed. Compared with the 
natural history group, the second (double-blind) group 
showed a reduced request for pain medication, and the 
third (deceived) group showed an even larger reduction 
in request for pain medication. During the study period, 
the course of pain was the same in the three groups, but 
the difference in verbal suggestions produced different 
magnitudes of placebo effects leading to changes in opi-
oid intake.42 This study suggests that verbal suggestions 
given for pain relief influence the magnitude of placebo 
analgesia effects.

Furthermore, Vase and colleagues examined whether 
the verbal suggestions typically embedded in clini-
cal trials, or explicitly stated in placebo mechanism 
studies, influence the magnitude of placebo analgesia 
effects. Two almost similar experimental studies were 
conducted. In both studies, patients suffering from 
irritable bowel  syndrome (IBS) were exposed to clini-
cally relevant  stimuli of rectal balloon distention under  
no-treatment, rectal placebo, and rectal lidocaine treat-
ment conditions (Fig. 20.2). The first study was conducted 
as a double-blind, randomized clinical trial aiming to 
investigate the efficacy of lidocaine.43 In this study, patients 
were informed via the informed consent that ‘they 
would receive either lidocaine or inert saline jelly’ in the 
treatment conditions43 p. 225. The results were typical for 
a clinical trial: There was an effect of lidocaine, as indi-
cated by a significant difference in pain levels between 
the lidocaine and the placebo condition, and there was 
a placebo effect as indicated by a significant difference 
in pain levels between the placebo and the no-treatment 
condition (Fig. 20.2, left panel). On the other hand, the 
second study was conducted as a placebo mechanism 

TABLE 20.2B Magnitude of Placebo Analgesia Effects Across Different Inductions of Placebo and Different Pain Types in Placebo 
Mechanism Studies

Study Induction of placebo Number of trials Mean effect size Range

Vase et al 20024 Verbal suggestion + conditioning 3 1.45 0.46 to 2.10,
Cohen’s d

Verbal suggestion 14 0.85 − 1.11 to 2.29,
Cohen’s d

Conditioning 1 0.83 0.82 to 0.84,
Cohen’s d

Induction of pain

Vase et al 20096 Short duration (< 20 s) pain stimuli 13 0.81 0.26 to 1.30,
Cohen’s d

Long duration (> 20 s) pain stimuli 9 0.96 0.12 to 2.39,
Cohen’s d

– Hyperalgesic states 3 1.88 0.47 to 2.46
Cohen’s d
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study aiming to study factors contributing to placebo 
analgesia effects.44 In this study, patients were given 
explicit verbal suggestion to the effect that ‘the agent 
you have just been given is known to powerfully reduce 
pain in some patients’44 p. 19 which resulted in a signifi-
cant placebo effect and no significant difference between  
pain levels in the placebo and the lidocaine condition 
(Fig. 20.2, right panel).

These results confirm the findings of the meta- analyses  
reviewed above4,6,7,27,40,41 that the magnitude of placebo 
analgesia effects is low in clinical trials and high in pla-
cebo mechanism studies. These experimental studies 
further substantiate the meta-analyses by showing that 
verbal suggestions given for pain relief are likely to con-
tribute to the difference in magnitude across the two 
types of study. In fact, the verbal suggestions given for 
pain relief in placebo mechanism studies appear to be 
so effective that they increase the magnitude of placebo 
analgesia to the level of active pain medication such as 
lidocaine. The finding that explicit verbal suggestions 
for pain relief are related to large magnitudes of pla-
cebo analgesia effects has been confirmed by subsequent 
experimental studies.45–52

Expectations and Emotions

It seems reasonable to assume that verbal sugges-
tions for pain relief influence pain levels through the 
patients’ expectations of pain relief and possibly by 
changes in emotional feelings. The verbal suggestion 
‘this agent is known to powerfully reduce pain in some 
patients’ may lead patients to expect lower pain levels, 

and the prospect of low pain levels may reduce nega-
tive emotions such as anxiety.5,47,53 In the experimental 
studies by Vase and colleagues,44,46 the relationships 
between verbal suggestions for pain relief, expected 
pain levels, emotional feelings, and pain levels were 
directly investigated. In placebo mechanism stud-
ies similar to the one described above, IBS patients 
were asked about their expected pain levels, desire 
for pain relief, and anxiety levels.44,46 These psycho-
logic measures were obtained right after the (placebo 
or lidocaine) treatment had been administered, and 
before it had taken effect. Expected pain levels and 
emotional feelings accounted for up to 77% of the vari-
ance in pain levels following placebo administration, 
thereby indicating that expectations and reductions 
in negative emotions are central to placebo analgesia 
effects.44,46 Strikingly, expected pain levels and emo-
tional factors also contributed to the pain-relieving 
effect of lidocaine,5,44 thereby demonstrating that pla-
cebo factors contribute not only to the efficacy of inert 
placebo agents, but also to the efficacy of active pain 
medication.13

In these and subsequent studies, the magnitude of 
placebo analgesia effects increased over time, whereas 
expected pain levels, desire for pain relief, and anxiety 
levels decreased over time.5,47,49,54 These findings suggest 
that the placebo analgesia effect may be self-reinforcing. 
The verbal suggestion given for pain relief may lead 
patients to expect lower pain levels and to feel less anx-
ious. These changes may in themselves contribute to the 
experience of low pain levels during the placebo anal-
gesia effect, and the actual experience of low pain levels 
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may further stimulate expectations of low pain levels 
and reduce negative emotions, thereby maintaining or 
increasing the effect. Several experimental studies have 
shown that expected pain levels and reductions in nega-
tive emotions appear to be pivotal to placebo analgesia 
effects.53,55–62

Brain Imaging Studies and Meta-Analyses of 
Placebo Analgesia Effects

Factors contributing to the magnitude of placebo 
analgesia effects in placebo mechanism studies have 
also been identified through brain-imaging studies. 
These studies yield important knowledge of the neu-
rologic underpinnings of expectations and emotional 
feelings involved in placebo analgesia as well as the 
descending pain modulating structures involved in this 
effect.47,49,51,63–71 Despite the heterogeneous design of  
the studies,72 the increasing number of brain-imaging 
studies of placebo analgesia effects has enabled a meta-
analysis of the brain areas consistently activated in pla-
cebo analgesia.73

Amanzio and colleagues73 conducted a meta-analysis 
of nine fMRI (functional magnetic resonance imaging) 
and two PET (positron emission tomography) studies 
investigating cerebral hemodynamic changes to delin-
eate consistent activation of brain regions associated 
with placebo analgesia. A total of 199 participants were 
involved and 162 activated foci were reported across 
the studies. The meta-analysis investigated two stages 
of the placebo analgesia effect: expectation/anticipation,  
before the pain starts where expectancies may be 
established, and noxious stimuli, during administra-
tion of painful stimuli where placebo effects may be  
obtained. During expectation/anticipation of analgesia, 
activated foci were found in the left anterior cingulate, 
right precentral and lateral prefrontal cortex, and in the 
left periaqueductal gray (PAG). During noxious stimu-
lation, placebo-related activations were detected in the 
anterior cingulate and medial and lateral prefrontal cor-
tices, in the left inferior parietal lobule and postcentral 
gyrus, anterior insula, thalamus, hypothalamus, PAG, 
and pons. These findings suggest a large overlap in the 
regions regulating emotional processes and placebo 
analgesia effects (e.g. the prefrontal cortices and the ros-
tral anterior cingulate cortex), and they also show that 
nociceptive networks in the brain are down-regulated 
in parallel with subjectively measured placebo analge-
sia effects. Furthermore, this meta-analysis shows that 
meta-analyses may help to systematize the findings of 
potential mechanisms involved in placebo analgesia 
effects. Nonetheless, in order to interpret these findings, 
it is essential to take the heterogeneity of the studies into 
account.4,72,73

New Ways of Investigating the Magnitude of 
Placebo Analgesia Effects

With the maturing understanding of the factors con-
tributing to placebo analgesia effects, new ways of inves-
tigating the magnitude of the effects have emerged.74 
Verbal suggestions regarding the probability of receiv-
ing an active agent have been manipulated to a higher 
extent (from 0 to 100% probability) in order to test the 
influence on the magnitude of the effect.70 Also, the bal-
anced placebo design has been used where participants 
are randomized to receive either active or inactive pla-
cebo agents along with either correct or incorrect verbal 
suggestions, leaving four treatment groups.75–77 The first 
group receives a placebo and is told that it is a placebo. 
The second group receives a placebo and is told that it is 
an active treatment. The third group receives an active 
treatment and is told that it is an active treatment. The 
fourth group receives an active treatment and is told that 
it is a placebo. In this manner it is possible not only to cal-
culate the magnitude of the placebo analgesia effect (the 
difference in pain levels between the first two groups), 
but also to estimate the extent to which placebo factors, 
such as verbal suggestions for pain relief, influence the 
efficacy of active treatments (the difference in pain levels 
between the last two groups). Thus, this design allows 
for a more precise estimation of the contribution of phar-
macologic effect versus placebo factors to the total effi-
cacy of active pain treatments (for further information 
see Ch 16 in this book).

Lately, the magnitude of placebo analgesia effects 
and factors contributing to this effect have been investi-
gated without administration of inactive agents as seen 
in the so-called open versus hidden administration of 
active agents.78–82 These designs are in accordance with 
modern conceptualizations of placebo analgesia effects 
(cf. definitions and Table 20.1) in so far as placebo fac-
tors are investigated simply by manipulating whether 
or not patients perceive that they are receiving a treat-
ment. In open administrations, a doctor comes to the 
bedside, injects an active medication along with a ver-
bal suggestion for pain relief. This allows the patient to 
actively perceive that a treatment is being given and thus 
to develop expectations of low pain levels. In hidden 
administrations, on the other hand, the exact same active 
medication is given, but here it is administered without 
the patient’s knowledge, for example through an infu-
sion pump, so that the patient does not have the oppor-
tunity to develop expectations of treatment effect. The 
difference in pain levels between the open versus hid-
den administration of pain medication is conceptualized 
as a placebo-like effect.13,20 Hence, the conceptualization 
and the investigation of placebo effects are undergoing  
a change from inactive agents in double-blind clinical 
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trials towards a more explicit understanding and manip-
ulation of factors influencing the magnitude of placebo 
analgesia effects.

CURRENT STATUS OF META-ANALYSES 
OF THE MAGNITUDE OF PLACEBO 

ANALGESIA EFFECTS

Lessons from Meta-Analyses

What do we know about the magnitude of placebo 
analgesia effects based on the meta-analyses outlined 
above? First, there is not one effect size that correctly or 
completely describes the magnitude. Different conceptu-
alizations lead to different magnitudes, as seen in meta-
analyses of placebo analgesia effects in clinical trials 
versus placebo mechanism studies. Second, there is a high 
degree of variability in the magnitude of placebo analge-
sia effects, not only across meta-analyses but also within 
meta-analyses. This may at least in part be due to differ-
ent contextual and individual preconditions for obtain-
ing,83,84 as well as different ways of inducing placebo 
analgesia effects.4–6 Third, it is possible to investigate the 
variability in placebo analgesia effects via meta-analyses 
to some extent, as seen in the meta-analyses of placebo 
mechanism studies in which different ways of inducing 
placebo effects and different types of pain lead to differ-
ent magnitudes. However, the placebo phenomenon is 
complex, and studies investigating placebo mechanism 
are often heterogeneous, thereby limiting the validity 
of the results obtained from meta-analyses.4,72,73 Fourth, 
the use of meta-analyses may be most successful when 
combined with experimental studies that verify, falsify, 
and/or specify the findings and interpretations. Hav-
ing said that, the most prevalent finding based on the 
current meta-analyses of placebo analgesia effects is that 
the magnitude may range from small in clinical trials to 
large in placebo mechanism studies, depending on the 
way in which the placebo effect is induced. Apparently, 
the more the patient’s perception of the treatment is opti-
mized through interaction with the health-care provider, 
the experimental set-up, and the verbal suggestions for 
pain relief, the larger is the placebo analgesia effect.

Recent Developments in Meta-Analyses of 
Placebo Effect

Knowledge of factors influencing the magnitude of 
placebo effects can be utilized to increase or decrease 
the magnitude of placebo analgesia effects. Traditionally, 
there is an interest in increasing the magnitude of placebo 
effects in placebo mechanism studies as well as in clinical 
practice in order to optimize the investigation of placebo 
effects and the patients’ treatment outcome. Conversely, 
in clinical trials there is an interest in minimizing placebo 

effects in order to prove efficacy of new active treatments.1 
Recently, increasing analgesic effects have been observed 
following administration of inactive placebo treatments 
in clinical trials that do not include a natural history con-
trol group/condition, and these large effects appear to be 
an obstacle to approval of supposedly new active medi-
cations and even approval of medications previously 
approved.85–87 This has led to a renewed focus on the best 
ways to conduct clinical trials and to test assay sensitivity, 
i.e. the ability of a clinical trial to distinguish an effective 
treatment from a less effective or ineffective treatment.88 
Currently, it is discussed whether factors related to 
patient characteristics, study design, study sites, and out-
come measures, may represent ways of improving assay 
sensitivity.87 Accordingly, these factors are used as pre-
dictors in meta-analyses of effects in clinical pain trials 
with the aim of specifying factors that contribute to the 
increasing analgesic effect following placebo administra-
tion.10,12,89 In these meta-analyses, the pain relief follow-
ing administration of inactive placebo treatment is often 
denoted placebo analgesia effects10,12,89; however, it is 
important to be aware that these studies do not include 
a no-treatment control condition and therefore they do 
not, by definition, measure placebo analgesia effects  
(cf. conceptualizations and definitions of placebo effects). 
An alternative approach to understanding the increas-
ing analgesic effects following placebo administration in 
clinical trials is to utilize the results from placebo mecha-
nism studies. Patients participating in clinical trials are 
typically informed about possible adverse events of the 
active treatment under study. As different types of ver-
bal suggestions for pain relief have been shown to lead 
to different magnitudes of placebo analgesia effects  
(cf. placebo mechanism studies outlined above), it is pos-
sible that different types of negative suggestions about 
potential adverse events could lead to different types 
of adverse events in the placebo arm of clinical trials. 
This  hypothesis was tested by Amanzio and collagues90  
who looked at adverse events reported in the placebo 
arm of clinical trials using one of three classes of anti-
migraine drugs: NSAIDs (nonsteroidal anti-inflammatory  
drugs), triptans, and anti-convulsants. Strikingly, the 
adverse events were frequent, and the type of adverse 
events in the placebo arms corresponded to those of the 
anti-migraine medicine in question.89

The approach of applying knowledge from the pla-
cebo mechanism literature to the investigation of the 
increasing analgesic effects following administration of 
inactive placebo agents in clinical trials without a nat-
ural history control group/condition could easily gain 
currency. For example, approximations of expectations 
and emotional feelings like randomization rate, strength 
of active medication, dosing regimen, as well as fre-
quency and type of interaction with health-care profes-
sionals, could be used as predictors in clinical trials and 



PLACEBO ANALGESIA EFFECTS ACROSS META-ANALYSES AND EXPERIMENTAL STUDIES 211

meta-analyses, whereby it may be possible to find new 
ways of explaining the variability in analgesic effects in 
clinical trials. Such an approach could have far reaching 
implications for the way of testing pain medication and 
for the optimization of placebo factors in clinical practice 
(see Ch 21 in this book). Hence, in future studies it may 
be recommendable to use current knowledge from pla-
cebo mechanism studies to improve the conduction and 
interpretation of clinical pain trials.
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INTRODUCTION

Many chronic pain conditions have lowered thresh-
olds for pain (allodynia) and/or enhanced pain sensitiv-
ity (hyperalgesia). The overall pain intensity of chronic 
pain patients often reflects a combination of allodynia, 
hyperalgesia, and sometimes nociceptive stimulation (i.e. 
stimulation that produces tissue damage, or would pro-
duce tissue damage if maintained). These components 
of chronic pain are often partly sustained by peripheral 
pathologic conditions, such as inflammation, dysfunc-
tion of peripheral nerves and nerve endings, as well as 
central nervous system pathology. Chronic pain condi-
tions are also greatly influenced by psychologic factors 
and hence central nervous system inhibitory and facilita-
tory mechanisms. Studies of patients with irritable bowel 
syndrome (IBS) have provided an interesting model that 
can be used to assess peripheral nervous system, central 
nervous system, and psychologic factors that induce and 
maintain this painful condition. It is an interesting model 
because reducing peripheral impulse input powerfully 
attenuates both ongoing and evoked rectal pain in IBS 
patients, yet so does placebo suggestion. In this chapter, 
we first review evidence that ongoing and evoked pain 
and associated secondary hyperalgesia are dynamically 
maintained by peripheral impulse input. This discus-
sion is then followed by evidence that this type of pain 
can also be potently attenuated by psychologic factors 
such as placebo suggestions. Then we provide an expla-
nation that accommodates both sets of observations and 

shows how it may apply to other forms of persistent 
pain, including neuropathic pain. The overarching aim 
of this chapter is to provide evidence for a synergistic 
interaction between peripheral and central contributions 
to pain and pain reduction (e.g. placebo factors) in IBS 
(Fig. 21.1). A main point of this explanation is that place-
bos provide powerful anti-hyperalgesic effects that have 
only recently been recognized. Such effects are likely to 
have important implications for treatment and under-
standing of IBS and other chronic pain conditions.

EVIDENCE FOR VISCERAL AND 
SOMATIC HYPERALGESIA IN  

IBS PATIENTS

The overall ideas outlined above begin with evidence 
that at least some IBS patients, and other patients with 
persistent neuropathic pain conditions, have both pri-
mary and secondary hyperalgesia. Several studies com-
pared results of both clinically relevant painful rectal 
distention and painful cutaneous thermal stimulation 
(20 seconds at 45–47°C temperatures to hand and foot) 
in IBS patients with age/sex-matched normal control 
subjects.1–3 Large magnitudes of visceral and somatic 
hyperalgesia were found in the first study of female 
IBS patients.2 These patients gave higher pain ratings to 
phasic rectal distention pressures of 35 and 55 mmHg 
in comparison to normal control subjects, as in previous 
studies4,5 (Fig. 21.2). Heat-pain sensitivity was tested in 
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the same study by asking each subject to immerse his/
her right hand (up to the level of the wrist) or right foot 
(up to the level of the right malleolus) in a circulating, 
heated, water bath at temperatures of 45°C and 47°C 
for 20 seconds. IBS patients rated cutaneous thermal 
pain in the hand and the foot as much more intense and 
unpleasant in comparison with control subjects, thereby 
demonstrating widespread secondary hyperalgesia  
(Fig. 21.2). Moreover, heat hyperalgesia was greater for 
the foot than for the hand among IBS patients. Very simi-
lar results were found in a study of male IBS patients.1

A third study of female IBS patients included both pain 
ratings and measures of pain-related brain activity using 
functional magnetic resonance imaging (fMRI).6 In com-
parison with age- and sex-matched control subjects, IBS 
patients had both visceral and cutaneous thermal hyper-
algesia, as measured by pain intensity and unpleasant-
ness ratings, that was accompanied by corresponding 
increased activation of brain regions involved in pain 
processing, including ventroposterior lateral thalamus, 

somatosensory areas I and II, insular cortex, anterior cin-
gulate cortex (ACC), and prefrontal cortical areas.6 Thus, 
in comparison to age/sex-matched control subjects, IBS 
patients had increased pain-related activation within an 
entire network of brain areas, including those involved 
in early levels of somatosensory processing within the 
brain, such as the thalamus.7 This widespread pattern 
suggests that widespread secondary hyperalgesia is the 
result of central sensitization that occurs at early levels 
of processing, such as the spinal dorsal horn (Fig. 21.1)

VISCERAL AND SOMATIC 
HYPERALGESIA IS DYNAMICALLY 

MAINTAINED BY TONIC PERIPHERAL 
IMPULSE INPUT

This pattern of heat hyperalgesia in some IBS 
patients, including a larger magnitude of hyperalge-
sia within the foot as compared to the hand, might 
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FIGURE 21.1 Schematic of descending and dorsal horn circuitry that mediates central sensitization and hyperalgesia as well as descending 
inhibition and anti-hyperalgesia.
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FIGURE 21.2 IBS patients’ and normal control subjects’ VAS pain intensity ratings of rectal distention pressures of 35 and 55 mmHg (left 
panel) and of thermal stimulation of the foot (right panel). Note that patients with IBS rate pain intensity from rectal distension and cutaneous heat 
stimuli (p < 0 001). Values are represented as means ± standard deviation, n = 12 IBS patients, 17 controls. Based on data from reference 2.
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be at least partially explained by a mechanism that 
partly relies on well established evidence that vis-
ceral (rectum/colon) and cutaneous (foot) nociceptive 
afferents converge onto common spinal lumbosacral 
neurons within the dorsal horn (Fig. 21.1)8 and refer-
ences therein. Tonic activity in rectal primary afferents 
could then sensitize the responses of these neurons to 
both rectal and thermal skin stimuli. Since dorsal horn 
neurons with both somatic and visceral input project to 
pain-related brain regions, the consequences of central 
sensitization and somatovisceral convergence would 
be reflected in primary and secondary hyperalgesia, 
and in some cases, allodynia. This possible mechanism 
is consistent with previous clinical observations show-
ing that IBS patients often exhibit a number of extrain-
testinal pain symptoms such as back pain, migraine 
headaches, heartburn, dyspareunia, and muscle pain.9 
These symptoms may reflect widespread central hyper-
algesic mechanisms. Similar to other pain conditions 
that likely depend on peripheral impulse input, such as 
complex regional pain syndrome (CRPS), postherpetic 
neuralgia, and fibromyalgia (FM), IBS patients seem 
to develop widely distributed hyperalgesia, possibly 
related to chronic peripheral impulse input from the 
rectum and colon.

Previously, hypersensitivity in IBS was thought 
to be limited to the gut.9,10 However, the studies just 
discussed show that a subset of IBS patients demon-
strate hyperalgesia to nociceptive stimuli applied to the 
extremities.1–3,11,12 It has been proposed that processing 
of visceral and somatic stimuli may interact as a result 
of viscerosomatic convergence-facilitation in the lum-
bosacral spinal cord.9,13 Tonic afferent impulse, espe-
cially from primary nociceptive afferents from the gut, 

may sensitize spinal cord neurons that exhibit somato-
topic overlap with the gut, such as those associated 
with the foot and other parts of lower extremities. Pain 
in IBS patients is likely to be at least partly maintained 
by peripheral impulse input from the colon/rectum 
because several studies show that local rectal–colonic 
anesthesia normalizes visceral and somatic hyperalge-
sia in IBS patients and in rat models of IBS.3,14,15 Given 
the presence of widespread zones of hyperalgesia in 
neuropathic pain, fibromyalgia (FM), and IBS patients, 
it is possible that hyperalgesia of these patients is at 
least partly maintained by tonic impulse input from 
nociceptive and/or non-nociceptive primary afferent 
neurons.

The role of tonic impulse input from the rectum of 
IBS patients was tested by administering controlled 
rectal distention and cutaneous heat stimuli before and 
after rectal administration of lidocaine gel or saline gel 
in a double-blind cross-over basis.3 The  comparison 
was ideal because it has been demonstrated that 
 subjects cannot subjectively distinguish the two agents 
when applied rectally.3 In comparison to saline pla-
cebo, lidocaine jelly completely normalized not only 
rectal hyperalgesia, as shown in Figure 21.3 (left), but 
also hyperalgesia to thermal stimuli applied to the foot 
(Fig. 21.3, right). These results were not caused by sys-
temic absorption of lidocaine because (1) the lidocaine 
gel was directly applied to wall of the rectum, (2) blood 
levels of lidocaine remained below the lower limit of 
detection for 50 minutes, and (3) most of the effects were 
present well before (5 minutes after treatment) maxi-
mum systemic absorption would taken place even with 
liquid lidocaine (1–2 hours after treatment).3 A simi-
larly designed  cross-over study found that intrarectal 
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lidocaine produced 4 to 6 hours of large reductions in 
ongoing (‘spontaneous’) pain of IBS patients.16 Thus, 
consistent with the role of peripheral impulse activ-
ity in some neuropathic pain conditions, tonic impulse 
input from a peripheral source dynamically maintains 
not only primary hyperalgesia from the rectum/colon 
but also the secondary hyperalgesia that is spatially 
remote (e.g. foot, hand) from the peripheral source of 
impulse input (i.e. rectum/colon). It also appears to 
maintain ongoing pain.16

ANIMAL MODELS OF  
HYPERALGESIA IN IBS

Animal models have produced very similar behav-
ioral results8,15,17 and some of these studies have 
extended understanding of neural mechanisms by pro-
viding recordings from primary afferent and dorsal 
horn neurons.7,8 One animal model shows that 24% of 
rats initially treated with intracolonic trinitrobenzene 
sulfonic acid (TNBS) continue to display hypersen-
sitivity to both rectal distension and somatic stimuli 
(e.g. heat stimulation of foot and tail) long after they 
healed from TNBS-induced colitis.15 Like IBS patients, 
the somatic hypersensitivity was largest in lumbosca-
cral dermatomes. This combination of hypersensitivity 
and histologically normal colons/rectums resembles 
a main characteristic of IBS, a condition that develops 
in 25% of persons who have had infectious diarrhea.2 
Similar to the study of IBS patients described above, 
intracolonic lidocaine administration in hypersensi-
tive rats normalized both rectal and somatic hyper-
sensitivity without producing detectible blood levels 
of lidocaine.15 Another model of IBS used mustard oil 
injections in neonatal rats and produced delayed vis-
ceral and somatic hypersensitivity, similar to TNBS-
treated rats.8,17 Rats were tested in this model during 
adulthood and during a time of absence of colorectal 
histologic pathology. Compared with adult control rats 
treated neonatally with saline, adult rats treated neo-
natally with mustard oil enemas retained their condi-
tion of chronic visceral hypersensitivity manifested by 
increased contractility of abdominal muscles. These 
same rats also displayed hypersensitivity to cutane-
ous nociceptive stimulation within widespread regions 
but most predominantly in lumbosacral dermatomes, 
again similar to IBS patients and to the TNBS model.8 
Furthermore, their colorectal primary afferent neurons 
had higher spontaneous impulse activity and much 
higher impulse response to graded levels of rectal dis-
tension in comparison to rats treated only with rectal 
saline.8,17 The same authors found that dorsal horn 
neurons receiving both rectal and somatic input had 
much higher levels of evoked impulse activity from 

both rectal distension and somatic stimuli as well as 
higher spontaneous activity, all in comparison to con-
trol rats.8 The somatic hypersensitivity was greatest in 
lumboscacral dermatomes. All of these results strongly 
parallel those found for IBS patients and provide fur-
ther evidence that both visceral and somatic hyperalge-
sia are dynamically maintained by increased activity in 
primary colorectal afferent neurons and by consequent 
sensitization of the dorsal horn neurons on which they 
synapse. These dorsal horn neurons are hyper-respon-
sive to both visceral and somatic stimuli because tonic 
visceral impulse input sensitizes dorsal horn neurons 
that also receive input from other tissues. It thereby 
makes them hypersensitive to stimulation of other tis-
sues such as skin (Fig. 21.1).

The Convergence-Facilitation Theory of 
Mackenzie (1909)13

Finally, a recent experiment involving IBS patients 
showed that repetitive rectal stimulation resulted in 
heat hyperalgesia of the foot, whereas repetitive painful 
heat stimulation of the foot resulted in rectal hyperal-
gesia.18 Both of these forms of secondary hyperalgesia 
were blocked by dextromethorphan, an N-methyl-D-
aspartate (NMDA receptor antagonist). Both forms of 
facilitation occurred only in a subset of IBS patients that 
had both somatic and visceral hyperalgesia. Results 
of this study, along with those described above, fur-
ther support a convergence-facilitation theory origi-
nally proposed by MacKenzie in 1909.13 It extends this 
theory by showing that the facilitation occurs in both 
directions (visceral → somatic and somatic → visceral) 
and that it occurs in pathophysiologic conditions. This 
study, along with those described above, used quanti-
tative sensory tests and pharmacologic manipulations 
(e.g. local lidocaine gel, dextromethorphan) to show 
that secondary hyperalgesia is dynamically induced 
and maintained by tonic impulse activity from the rec-
tum and colon, in the case of IBS, and that it is at least 
partly mediated by NMDA receptor mechanisms and 
central sensitization. Animal studies described above, 
including those which uniquely rely on neural record-
ings from primary colonospinal afferents and dorsal 
horn neurons on which they synapse, further support 
this overall explanation.8,17

PSYCHOLOGIC CONTRIBUTIONS  
TO HYPERALGESIA AND ANTI-

HYPERALGESIA IN IBS

The primary afferent and dorsal horn mechanisms 
just described seem to be at odds with a prevailing 
and alternative viewpoint that numerous psychologic 
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factors contribute to and may even be etiologic factors 
in ‘functional’ bowel disorders such as IBS.9 These fac-
tors are integrally related to hypervigilance, level of 
somatic focus, or other factors related to emotional regu-
lation. The relationship of negative affect to pain condi-
tions such as IBS is well-documented in the literature.19  
In the large majority of published reports, the presence 
of negative emotions is associated with higher levels of 
pain. Induction of these emotions has also been shown 
to be related to pain report and pain behavior with some 
specificity to the type of emotion induced.20–22 Interven-
tions or instructions that reduce negative emotion also 
reduce pain report.23,24 IBS patients have been shown to 
have a propensity for hypervigilance and somatic focus, 
and their painful symptoms may be at least partly main-
tained by these factors.9 If so, then it should be possible 
to systematically enhance or reduce IBS pain by psycho-
logic manipulations. One way of testing this possibility 
has been that of modulating evoked rectal and somatic 
pain in IBS patients by various types of placebo/nocebo 
suggestions.25–27

Placebo Effects Across Two Types of  
Study of IBS Patients

Our studies of placebo effects on evoked and spon-
taneous pain in IBS have used two general conditions, 
one in which the study was conducted as a clinical 
trial3,16 and the other in which suggestions were given 
to enhance the placebo effect.25–27 IBS patients in two 
clinical studies were given an informed consent form 
which stated that they ‘may receive an active pain-
reducing mediation or an inert placebo agent.’ In one 
study there was a significant pain-relieving effect of 
rectal lidocaine as compared to saline placebo on pain 
evoked by 35 mmHg rectal distension pressure and 
there was a significant pain-relieving effect of rectal pla-
cebo as compared to the untreated baseline condition,3 
as has already been discussed in relation to Figure 21.3. 
The second study found no placebo effect on ongoing 
abdominal pain in IBS patients and a large effect of 
intra-rectal lidocaine.16 Thus, when given standard and 
accurate instructions about possible agents they may 
receive, patients show highly variable placebo effects 
ranging from moderate to none and these effects usu-
ally (but not always) do not obscure the demonstration 
of effects of active agents. Results of these two studies 
can be compared to three studies in which IBS 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 condition.25,27,28 In comparison 
to studies with the standard clinical trial instructions 
(Fig. 21.4, left), a much larger placebo analgesic effect 
was found in a study with enhanced placebo sugges-
tions,25 as shown in Figure 21.4 (Fig. 21.4, right, shows 

a greater placebo effect than is shown in Fig. 21.4, left). 
In fact, the magnitude of placebo analgesia was so 
high that there were no longer significant differences 
between the magnitude of rectal lidocaine and rec-
tal placebo.25,27,28 The comparison between outcomes 
using standard versus enhanced placebo suggestions 
indicate that, by adding an overt suggestion for pain 
relief, it is possible to increase the magnitude of pla-
cebo analgesia to a level that matches that of a known 
active agent. It is important to recognize that these 
effects reflect anti- hyperalgesic effects, because both 
rectal lidocaine and placebo suggestions normalized 
rectal hyperalgesia and did not eliminate all pain from 
balloon distention. Thus, pain ratings of IBS patients 
after either enhanced placebo or lidocaine were similar 
in magnitude to those of normal control subjects.3,25

Patient Experiences of Expectation and  
Desire for Relief as Proximate Causes of  
Placebo Responses

The reductions in evoked visceral pain were strongly 
predicted by ratings of expected pain associated with 
visceral stimulation and desire for relief, a prediction 
that follows from at least one current explanation of pla-
cebo analgesia.26,29 However, placebo manipulations not 
only produced large reductions in visceral hyperalgesia 
but also in cutaneous heat hyperalgesia (foot), an effect 
not predicted by expectations.25 This latter effect may 
be a result of a mechanistic link between somatic and 
visceral sensitization at the level of the dorsal horn as 
discussed above.

Three separate analyses from three studies provide 
converging lines of evidence that patient experiences 
of expectation and desire for relief serve as proxi-
mate mediators of placebo responses. Since desire and 
expectation constitute dimensions of emotions related 
to receiving and expecting results from medical treat-
ments, emotions and emotional regulation may well 
represent the pivotal mediating factor in placebo anal-
gesia. In the first study, hierarchical regression analysis 
established that ratings of expected pain coupled with 
desire for relief in the treatment condition accounted 
for 77% of the variability in pain ratings during the 
placebo condition25 (Table 21.1). These ratings were 
obtained just after patients received placebo treat-
ments (i.e. intrarectal saline gel). Approximately the 
same amount of variability (81%) was accounted for 
in the active treatment condition wherein IBS patients 
received intrarectal lidocaine, consistent with the view 
that placebo effects are embedded in active medical 
treatments. In a second analysis, data from two stud-
ies were pooled in order to determine whether changes 
in desire/expectancy ratings predicted changes in pain 
ratings across natural history and placebo conditions 
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(i.e. placebo responses).26 The two studies included 
one in which standard instructions for the possibility 
of receiving an active or inactive agent were included 
in the consent form and another in which enhanced 
placebo suggestions were given, as described above. 
The placebo response, which was calculated as natural 
history (NH) pain intensity minus pain intensity dur-
ing the placebo (PL) condition, was regressed against 
change in expected pain across NH and PL conditions 
as well as change in desire across these conditions for 23 
IBS patients. In other words, changes in expectation and 
desire were entered into a statistical analysis in which 
these factors and the multiplicative interaction between 
them (i.e. desire × expectation) served to predict placebo 
responses. As shown in Table 21.1, this entire desire–
expectation model accounted for 38% of the variability 
in placebo responses (corresponding to a correlation 
coefficient of r = 0.62). This analysis suggests that both 
desire for pain relief and expected pain intensity contrib-
ute to placebo analgesia, and a main factor is a multipli-
cative interaction between desire for pain reduction and 
expected pain intensity. This interaction is consistent 

with the desire–expectation model of emotions that 
shows that ratings of negative and positive emotional 
feelings are predicted by multiplicative interactions 
between ratings of desire and expectation30 (Table 21.1). 
Desire to reduce pain would be related to an avoid-
ance goal, according to a desire–expectation model of 
human emotions, and these results suggest that analge-
sia would be related to a reduction in desire for relief, a 
reduction in expected pain, and a consequent reduction 
in negative emotional feeling. This prediction was sup-
ported by a third study in which expectations of pain 
intensity, desire for relief , and anxiety were rated at two 
time points during intrarectal treatment with saline gel 
(placebo). The design of this study was similar to that of 
the two studies just described25,26 and the analysis relied 
on change scores. As shown in Table 21.1 (bottom row), 
changes in desire and expectation did not significantly 
predict placebo responses near the beginning of placebo 
treatment (early), but accounted for a large amount 
of variability in placebo responses in the late phase of 
the placebo treatment.27 However, the most interesting 
result of this study was that ratings of desire for pain 
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TABLE 21.1 The Contributions of Expectancy (E), Desire (D), and Anxiety (A) to Rectal Placebo Analgesia

Model R2 change p

Vase et al25: D and E on pain ratings in placebo condition 0.77 0.003

Vase et al26: ΔE + ΔD + ΔDE on
ΔPain (pain ratings in natural history – pain ratings in placebo)

0.38 0.02

Vase et al27: ΔE + ΔD + ΔA
ΔPain, near onset of placebo
ΔPain in ‘late’ period of placebo

0.13
0.52

> 0.05
0.001
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reduction, expected pain, and anxiety all decreased dur-
ing the same time that the placebo effect increased 25–27 
and these variables came to explain larger amounts of  
the variance in the placebo effect over time (Table 21.1, 
bottom row). This result shows that the mediating 
variables of placebo analgesia, including expectation, 
desire, and emotions, are not static but change dynami-
cally over time, possibly as a result of feedback from 
early results and perception of the dynamic aspects of 
the treatment procedure itself. Thus, perception of the 
process of being treated may be experientially distin-
guished from perceiving the results of treatment.

Somatic Focus Moderates Effects of  
Goals and Expectancy

Based on several interrelated experiments, Geers 
and his colleagues argue that the placebo effect is most 
likely to occur when individuals have a goal that can 
be fulfilled by confirmation of the placebo expecta-
tion, consistent with the desire–emotion model and 
the explanation just given.31 The results of Geers and 
colleagues demonstrated a role for desire for an effect 
across a variety of symptom domains, including those 
related to positive approach goals or negative avoid-
ance goals. In addition to the roles of goals, desires, 
and expectations in placebo responding, there is evi-
dence that the degree of somatic focus has a moderat-
ing influence on these psychologic factors.32 Somatic 
focus reflects the disposition to focus on body func-
tions and to be vigilant to changes in them. In an 
experiment that induced expectations of unpleasant 
symptoms, individuals who expected to take a drug 
but who were given placebo tablets reported more 
placebo symptoms when they closely focused on their 
symptoms.32 This type of interaction also has been pro-
posed for approach goals.30 Focusing more closely on 
symptoms can enhance their significance and implica-
tions and thereby increase or decrease the desire for 
their reduction. If catastrophic meanings are enhanced 
as a result of somatic focusing, nocebo effects could be 
developed. In contrast, positive placebo suggestions 
for analgesia or improvements in physical health lead 
individuals to selectively attend to signs of improve-
ment, thereby enhancing the placebo effect. These 
types of influence can occur both during explicit pla-
cebo treatments, but more importantly, even when 
active treatments are given. When patients closely 
notice positive signs of pain reduction, this percep-
tion provides ‘evidence’ that the treatment has been 
effective regardless of whether the treatment is pla-
cebo or an active medication. Placebo effects, and for 
that matter nocebo effects, are potentially embedded 
in active treatments depending on what patients are 
told, behaviors and appearance of the caregivers, and 

numerous psychosocial contextual factors that occur 
during treatment.

If focusing on bodily symptoms or cues operates as a 
kind of feedback that supports factors underlying pla-
cebo responding, increasing the degree or frequency 
of somatic focusing could increase the magnitudes of 
placebo responses over time. This possibility is sup-
ported by observations showing that the growth of 
the placebo effect over time at least partly depends on 
the frequency of test stimuli. As discussed above, rat-
ings of desire, expectation, and anxiety decrease over 
time along with the increase in placebo effect.27 As 
shown in Figures 21.3 and 21.4, it took about 20 min-
utes for the placebo effect to increase to its maximum 
level in conditions wherein stimuli were applied at 7 
times per 50 minutes.3,25 This same pattern of increase 
was found in a subsequent experiment that applied 
stimuli more rapidly, 7 stimuli in 10 minutes.28 The 
placebo effect increased to its maximum level during 
the first three stimuli and over 3–4 minutes with this 
more rapid stimulus frequency, unlike the experiment 
that used less frequent stimulation. Thus, feedback 
from the test stimuli serve as cues that signal increas-
ing pain relief. More frequent test stimuli lead to more 
rapid pain reduction. These findings and interpreta-
tions are in agreement with an interview study show-
ing that many of the patients who participated in the 
study had an inner focus on bodily symptoms at the 
beginning of the treatment.33 Taken together, the stud-
ies of Geers, Vase, Price and their colleagues support 
a placebo mechanism wherein goals, desire, expecta-
tion, and consequent emotional feelings co-determine 
the placebo response. Somatic focus provides a self-
confirming feedback that facilitates these factors over 
time, leading to less negative emotional feelings and 
higher expectations of avoiding aversive experiences. 
In other contexts, somatic focus could lead to posi-
tive feelings about obtaining pleasant consequences, 
such as feeling healthy, invigorated, or energized. 
In any case, the stimuli of the experiment can help 
confirm that the treatment is working if someone is  
expecting it to work. Since the stimuli self-reinforce 
expectations of pain reduction, reduce desire for 
relief, and consequently reduce negative emotions, 
the placebo effect increases more rapidly over time 
with higher frequencies of test stimulation. A similar 
dynamic may work for ‘nocebo’ responses, such as 
the increase in symptoms over time as a result of cata-
strophic thinking and expectations related to threaten-
ing cues.

Placebo Responses and Emotional Regulation

If the desire–expectation model is accurate, then pla-
cebo phenomena occur within the context of emotional 
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regulation, and symptoms should be influenced by 
desire, expectation, and emotional feeling intensity 
across different settings and even regardless of whether 
or not these factors are evoked by placebo manipula-
tions. Studies of healthy volunteers have shown that 
reductions in negative emotions, like stress, are related 
to placebo analgesia effects34 whereas induction of fear 
may reduce or completely abolish the placebo analge-
sia effect.35,36 These studies are in line with the under-
standing that expectations of treatment effects reduce 
negative emotions and contribute to pain relief.24 A 
separate line of evidence for the role of expectancy 
in placebo analgesia includes studies that manipulate 
expectancy in non-placebo contexts. Two studies found 
large reductions in pain from expectancy manipula-
tions37,38 and one of these studies found corresponding 
reductions in pain-related brain activity.37 Desire and 
emotions also influence pain in non-placebo contexts. 
Rainville and colleagues38 have shown that hypnotic 
inductions of changes in desire for relief, as well as 
inductions 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 associated with treatments or medications. 
These feelings can be separately influenced by desire 
and expectation or by the combination of both vari-
ables. These variables change dynamically, leading to 
enhanced placebo response over time. What are needed 
are explanations that incorporate knowledge obtained 
from neuroscience. For example, do placebo-induced 
changes in expectations, desires, and emotions simply 
lead to subjective biases about symptoms/effects or 
do they affect their biologic causes? These two alter-
natives would have somewhat different neurobiologic 
explanations.

Before turning to the neurobiologic underpinnings 
of these phenomena, it is worth mentioning that emo-
tional factors have been shown to contribute to large 
anti-hyperalgesic placebo effects not only in IBS but 
also in neuropathic pain conditions where identifi-
able nerve damage has taken place.39 Patients who 
had developed chronic neuropathic pain following 
thoracotomy rated positive and negative emotional 
feelings in sessions wherein they were exposed to 
placebo manipulations. Quantitative sensory testing 
conducted just after placebo manipulation showed 
significantly reduced areas of pinprick hyperalgesia, 
and magnitudes of placebo responses were signifi-
cantly correlated with low levels of negative affect 
but not with positive affect. These findings are in 
accordance with the desire–expectancy model, and 

they suggest that emotional factors may be central to 
pain modulation across different types of chronic pain  
conditions.

CENTRAL NERVOUS SYSTEM 
MODULATION OF PAIN IN IBS

Neuroimaging of Placebo-Induced  
Anti-Hyperalgesia

These results, showing placebo effects on pain 
evoked by visceral and somatic stimuli, provide indi-
rect support for a brain-to-spinal cord mechanism that 
reverses the sensitization of dorsal horn neurons that 
have both visceral and somatic primary afferent input. 
Reversal of hypersensitivity at the level of the dorsal 
horn should result in decreased pain-related activation 
at all subsequent supraspinal levels. A study tested 
this prediction by using the same methods of rectal 
distension and pain ratings scales as described above, 
in combination with fMRI brain imaging.28 Similar to 
earlier studies described above, a large placebo effect 
was produced in IBS patients by suggestions, and this 
effect was accompanied by large reductions in visceral-
evoked neural activity (as measured by BOLD) in the 
thalamus, first and second somatosensory cortices 
(i.e. S–1 and S–2), anterior, mid-, and posterior insular 
cortex, and anterior cingulate cortex, all areas that are 
part of the pain matrix. The widespread reduction in 
these areas, including those at early levels of process-
ing (e.g. thalamus, S–1), is consistent with a descending 
brain-to-spinal cord mechanism. Clearly, more direct 
measures of spinal cord processing, such as neuro-
imaging of spinal cord activity, are needed to further 
test this hypothesis. In this regard, it is interesting that 
the placebo effect has been shown to be accompanied 
by reduced nociceptive activity in the human spinal 
cord.40 In any case, widespread reduction of neural 
activity throughout the pain matrix tends to rule out a 
mechanism of modulation that involves only selective 
effects on forebrain areas involved in cognitive process-
ing of pain without effects at earlier stages of process-
ing, as proposed earlier.41,42

This neuroimaging study of IBS patients also pro-
vided the opportunity to analyze brain regions that were 
activated more during placebo analgesia than during the 
untreated baseline natural history condition.43 Some of 
the activated regions are those known to be involved in 
the classic brain–spinal cord modulatory system, includ-
ing the rostral ACC and bilateral amygdala, thereby 
providing neuroimaging results that support this classic 
mechanism.44,45 These same placebo-activated regions 
are also known to be involved in emotions and emotional 
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regulation, functions that are presently considered to 
be a part of endogenous pain modulation.29,46–49 How-
ever, increased activation also occurred in relation to 
other phenomena likely to be involved in maintaining 
memory for the placebo suggestion and in developing 
expectations of pain reduction. Thus, some placebo-
activated regions were those involved in neurolinguis-
tic processes and memory, such as the parahippocampal 
gyrus, medial aspects of the left temporal lobe and left 
lentiform nucleus.43 Other regions activated by placebo 
are known to comprise a network involved in associative 
thinking and included the left pre-cuneus, posterior cin-
gulate, and aspects of the temporal lobe.50 These regions 
were most active during the early part of the placebo 
condition, presumably at a time wherein subjects were 
attending to the memory of the placebo suggestions and 
to somatic feedback, as described earlier. The temporal 
profile of placebo-induced brain activations is consistent 
with the idea that the placebo effect increases early in its 
development as a result of a self-reinforcing confirma-
tion of the efficacy of the treatment. Recall that we found 
that the placebo effect increases to its maximum magni-
tude over the first 2–3 of the 7 test stimuli,3,25,27,28 15 to 
20 minutes, as shown in Figures 21.3 and 21.4, and over 
the first 3–4 minutes during the brain-imaging study. 
We have interpreted this progressive increase to be a 
consequence of a kind of feedback that is sustained by 
somatic focus and associative thinking that is character-
ized by loose and rapid associations between thoughts 
and images. As a result of feedback, the placebo anal-
gesic effect increases over time and is accompanied by 
decreased desire for pain relief and decreased levels of 
expected pain27,51 (Table 21.1). In patient interviews, 
for example, we have found that most IBS patients are 
thinking about the impending treatment and making 
associations between being given the treatment and 
likely outcomes.33 This kind of thinking and attending 
was found to be much more common near the beginning 
of treatment than toward the end.33

These feedback mechanisms need not be strictly asso-
ciated with deliberate administration of a placebo or 
nocebo agent. Thus, increases in catastrophizing, hyper-
vigilance and somatic focusing that are known to be 
prevalent among IBS patients and other types of chronic 
pain patients could increase descending facilitation and 
hyperalgesia.5,9,19,29 Searching for visceral cues that sig-
nal impending relief or worsening of symptoms could 
lead to a self-confirming feedback mechanism whereby 
increased or decreased pain could lead to still further 
changes in symptoms. Although this proposed mecha-
nism has received some support from studies wherein 
placebo or nocebo agents are given, including neuroim-
aging studies, the role of feedback needs to be explored in 
contexts where no agent is given. Some lines of evidence 

for these types of mechanism are given in studies of neu-
ropathic pain patients where high levels of pain catastro-
phizing has been related to increased levels of wind-up 
like pain and enhanced cortical activation.51,52 Given the 
presence of ongoing widespread somatic and visceral 
hyperalgesia in IBS, it is reasonable to hypothesize that 
induction (e.g. nocebo), maintenance, and reversal of 
hyperalgesia (e.g. placebo) rely on dynamic regulation 
by networks of brain regions discussed above. This regu-
lation is associated with somatic focus, hypervigilance, 
and emotional regulation that contribute to both inhibi-
tion and facilitation, depending on the ongoing expecta-
tions and other aspects of the psychologic state of these 
patients (Fig. 21.1).

NEUROCHEMICAL BASIS OF  
ANTI-HYPERALGESIA IN PLACEBO 

ANTI-HYPERALGESIC MECHANISMS

Placebo analgesic effects have been found to be 
re versed or diminished by opioid antagonism.44,45,53–56  
The potential involvement of endogenous opioids has led 
many to reason that placebo effects are  fundamentally 
similar in their neurobiology to other expectancy 
effects.8,29 Indeed, recent human imaging studies 
show that the expectancy of reward is accompanied by 
increased endogenous opioid activity in limbic and cor-
tical areas.56 Opiate antagonists, such as  naloxone and 
naltrexone, block various conditioned effects on pain, 
including placebo analgesia.53–56

However, an involvement of endogenous opioids 
does not appear universal to all placebo analgesic  
effects. There is accumulating evidence that placebo anti-
hyperalgesia is not directly mediated by endogenous 
opioid mechanisms. Within the context of this chapter, 
it is noteworthy that the large placebo anti-hyperalge-
sic effects discussed in relation to Figures 21.3 and 21.4 
were replicated in a similarly designed study that tested 
whether such effects could be prevented by intravenous 
administration of 10 mg naloxone.27 The two groups 
receiving naloxone and saline had no difference in the 
amount of pain reduction produced by placebo adminis-
tration. Both groups showed large reductions in evoked 
rectal pain. Other human studies provide evidence that 
anti-hyperalgesic mechanisms are nonopioid. For instance,  
Kupers and colleagues tested a chronic low-back-pain 
patient who received saline infusion through an epi-
dural catheter over a period of 50 days.57 The patients 
experienced a large placebo analgesia effect, but this 
effect was not blocked by administration of naloxone. 
Also, Amanzio and Benedetti found that placebo effects 
produced by opioid conditioning but not nonopioid con-
ditioning were related to endogenous opioids.54 Unlike 
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conditioning with morphine, they found that placebo 
analgesia (on tourniquet tolerance test) generated by 
conditioning with ketarolac was not prevented by nal-
oxone54 but was prevented by a specific cannabinoid 
antagonist, CB1.58 The distinction also has been found 
in animal models of placebo analgesia. Among the few 
animal studies of placebo-induced analgesia, Guo and 
colleagues reported that placebo-induced analgesia 
was sensitive to naloxone, whereas analgesia induced 
by aspirin was insensitive.53 This raises the possibil-
ity, as suggested by human imaging studies discussed 
above, that placebo-induced analgesia stems from the 
brain activity simulating the original (unconditioned) 
effect of the drug, an idea also put forward by Guo and 
colleagues.53 In the case of morphine, this would be 
increased endogenous opioid release, thus being suscep-
tible to naloxone. A study by Nolan and his colleagues 
introduced a novel preclinical model for studying  
placebo-induced analgesia that shows canonical features  
of placebo effects observed in humans.59 They confirmed 
naloxone reversibility in an operant facial analgesia 
model, revealing the involvement of endogenous opi-
oids. Due to its operant nature, and use of mild noxious 
stimuli only, this paradigm may better address the emo-
tional aspects of placebo-induced analgesia and execu-
tive cortical control placed over them. In doing so, these 
experiments provide the foundation for methodologies 
that would be extremely difficult in human studies, such 
as single-neuron recordings, neurotransmitter depletion, 
focal lesions, and molecular/genetic manipulations.

A SYNERGISTIC INTERACTION 
BETWEEN PERIPHERAL IMPULSE INPUT 

AND CENTRAL FACILITATION?

It is surprising that primary and secondary hyper-
algesia can be nearly completely reversed in some 
IBS patients either by removing the source of tonic 
peripheral impulse input (i.e. local rectal anesthesia) 
or by providing a form of central modulation through 
placebo suggestions (Fig. 21.1). One possible mecha-
nism that could account for this combination of obser-
vations is that a synergistic interaction might occur 
between peripheral and central sources of facilitation 
of dorsal horn neuron responsiveness. That is, hyper-
sensivity of dorsal horn neurons might be dynamically 
maintained by impulses from both visceral structures 
and from brain–spinal cord descending facilitation. 
The latter mechanism has been strongly implicated in 
persistent pain conditions.60,61 Attenuation of either 
peripherally induced dorsal horn sensitization or 
attenuation of descending facilitation may be suffi-
cient to reverse most of the secondary hyperalgesia. 
A mechanistic model that might explain this paradox 

is that of a synergistic interaction between these two 
sources of facilitation. Many examples of synergy occur 
in pharmacology and central nervous system integra-
tion. In simple terms, synergy between two phenom-
ena is demonstrated when their combined influence 
produces an effect (e.g. hyperalgesia or analgesia) that 
is distinctly greater than that produced by either influ-
ence by itself. To use a hypothetical example from phar-
macology, suppose a small dose of drug A produces a 
10% reduction in pain and a small dose of drug B pro-
duces a 15% reduction in pain but when these doses 
of both drugs are given together they produce a 75% 
reduction, not 25% (of course true pharmacologic syn-
ergy requires testing wide ranges of doses of each drug 
as well as their combinations). However, a synergistic 
relationship between the two influences also predicts 
that removing either influence alone would have a 
large effect, especially if both influences were normally 
present. If secondary hyperalgesia results from a syn-
ergistic influence from peripheral impulse input and 
descending facilitation, then local rectal anesthesia or 
placebo administration would each produce large anti-
hyperalgesic effects (Fig. 21.1). This idea is also consis-
tent with findings that indicate that psychologic factors 
(e.g. distress) strongly influence IBS pain. Such factors 
are associated with a main source of central facilitation. 
Of course, this hypothesis needs to be further tested. If 
this kind of synergistic interaction generalizes to other 
hyperalgesic states, it might have large implications 
for understanding how to assess the relative contribu-
tion of peripheral and central factors in other persis-
tent pain conditions such as fibromyalgia and various 
forms of neuropathic pain. Central modulation may 
well interact with tonic peripheral impulse input to the 
spinal cord, so that widespread hyperalgesia reflects a 
confluence of both mechanisms. Thus, to improve our 
understanding of these phenomena it will be impor-
tant to design studies that address both peripheral and 
central modulations that are likely to occur simultane-
ously and even synergistically. In the case of placebo 
analgesia, factors can serve as predictors of clinical out-
comes and could be very useful in managing placebo 
responses and effects in clinical trials, for which there 
is a large amount of variability.62 Thus, meta-analyses 
show effect sizes ranging from −0.95 to 0.57, Cohen’s 
d in clinical trials of placebo effects (see Ch 20 in this 
book). This approach may have far reaching implica-
tions not only for explaining anti-hyperalgesic placebo 
effects but potentially for understanding the processing 
of a range of persistent pain conditions.
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BACKGROUND

Pain

The treatment of pain is one of the more prevalent and 
persistent challenges to modern medicine. More than 
25% of adults in the USA report significant daily pain, 
and 1 in 10 have pain that has lasted 1 year or more. The 
most difficult pain syndromes to manage are chronic low 
back pain, recurrent headache and persistent joint pain.1

Current research attempting to understand pain 
mechanisms has revealed a complex picture in which 
the biologic mechanisms of pain both interact in positive 
feedback loops and reach beyond the nervous system to 
other bio-psycho-social domains, creating depression, 
anxiety, sleep difficulties and other problems. A recent 
survey found that 1 in 5 Americans have pain that causes 
a major impact on employment, residence, or quality of 
life, personal function and mobility. The medical com-
munity is only partially successful in treating or help-
ing patients to manage their pain2; a more holistic and 
process-oriented approach is needed.

When not functioning as it should—for prevention 
and repair—the pain system can be overwhelmed and 
become overly sensitive to any stimuli (allodynia) or 
create increased sensitivity to stimuli (hyperesthesia) 
or produce pain in non-damaged tissue (hyperalgesia). 
When this occurs, the pain is maladaptive. A patient’s 
psychologic state influences their pain, and the percep-
tion of pain is modulated by factors beyond direct injury. 
These factors contribute to the persistence of pain after 
injury and healing, or where there is no injury. Pain is a 

bio-psycho-social phenomenon and not a strictly physi-
ologic one.3 (See Grahek4 for a more complete summary 
of the changing theories of pain.) Thus, social and psy-
chologic context and expectations are important in all 
approaches to pain. This is where the ‘art’ of medicine 
is as important as the science. Interestingly, research on 
placebo is now beginning to shed scientific light on this 
‘art’ of medicine by exploring the neuronal bases of clini-
cal benefits related to social and psychologic context and 
expectations in pain patients.5 An example is provided 
by a study in chronic back pain (CBP) patients who par-
ticipated in a double-blind brain-imaging clinical trial 
with a 2-week treatment with either lidocaine or pla-
cebo. Patients experienced a significant clinical benefit 
under placebo treatment. These placebo responses were 
predictable by using functional connectivity and high-
frequency oscillations in different areas of the brain such 
as the medial prefrontal cortex and bilateral insula.6 The 
fact that the neuronal population in the prefrontal cog-
nitive and pain-processing regions predetermines the 
probability of placebo response in the clinical setting 
paves the way for integrated models of placebo and pain 
research in patients. Implementing new methodologic 
approaches for studying pain in patients suffering chron-
ically, and treated with surgical treatments, opens new 
avenues for understanding the complexity of pain and 
guiding stratification of patients in surgical clinical trials.

The Complexity of Pain

The rationale for a holistic (bio-psycho-social) 
approach comes from the fact that mind–brain injuries 
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and stresses (MBIS) share many common pathophysi-
ologic and salutogenic mechanisms. The development, 
expression and durability of chronic pain and psycho-
pathologies involve genotypic factors that are latent or 
code for phenotypes (e.g. of ion channels, neurotrans-
mitters, receptors and synaptic elements) that differen-
tially express themselves in response to both internal 
and external signals and contexts. Thus, predisposed 
individuals respond to environmental or psychosocial 
injury in ways that induce a core set of symptoms and 
dysfunctions. This set includes: (1) psychologic and 
emotional distress (e.g. depression, anxiety, anger), (2) 
cognitive impairment, (3) chronic and refractory pain, 
(4) drug/opioid desensitization (and abuse), and (5) 
somatic (sleep, appetite, sexual and energy) problems.

The interplay of psychosocial factors and biology is 
strikingly on display in poly-trauma injuries. The per-
sistent and chronic nature of pain associated with trau-
matic injuries has been well documented.7 Additionally, 
there is a high incidence of concurrent post-traumatic 
stress disorder (PTSD), depression, and anxiety with 
these injuries. The overlapping and multi-component 
nature of traumatic injuries, both psychologic and 
physical, has been recently characterized by Jonas et al 
as the ‘trauma spectrum response’ (TSR). They propose 
that mind–brain/body injuries, such as traumatic stress 
or traumatic brain injury (TBI), are more appropriately 
addressed by a constellation (whole systems) view of the 
impact of those injuries:8 addressing this constellation in 
ways that include the process of care provides a more 
logical and likely efficient and effective framework than 
isolating them as ‘co-morbidities,’ each with their own 
specific treatments.

To match this complex situation, multi-disciplinary 
approaches to pain management have been developed 
that combine drugs, behavior, surgery, manipulation, 
and complementary medicine approaches. However, the 
dominant treatment continues to be medications, both 
prescription and over-the-counter. While medications 
are often necessary, their excessive use often results in 
overreliance, misuse, and abuse, effects that increase the 
more they are used.9 Thus, alternatives are increasingly 
applied, including a rapid growth of interventional and 
surgical approaches, especially for the common condi-
tions of back, head and joint pain. But are surgical and 
interventional approaches to pain specific? Or, given the 
major psychosocial overlay on pain, do they produce 
their effects more from the social context and psycho-
logic impact of surgical rituals?

The Surgical Approach to Pain

Patients with chronic pain who do not respond to con-
ventional pharmacologic treatments are recommended 
to receive therapeutic interventions such as surgery, 

invasive procedures and neurostimulation. Surgical pro-
cedures are widely used in medicine for pain, especially 
back and joint pain. With the development of minimally 
invasive procedures, the number of interventions for 
pain and related conditions has increased, including 
for low-back pain,10 arthritis,11 endometriosis,12 and 
headache.13

However, invasive and classical surgical procedures 
are rarely evaluated with the same rigor as drugs. They 
are usually used without rigorous study designs involv-
ing randomization, allocation concealment and blinding. 
Blinding is challenging as a complex, invasive procedure 
requires an elaborate sham set up. Double-blinding is 
not possible as the physician and surgical team usually 
know if the true or sham intervention is being done. In 
addition, there is controversy about the ethical use of 
sham procedures, even with good informed consent.14,15 
Thus, it is often unknown to what extent the placebo 
response is contributing to pain improvement from these 
types of procedures.

A placebo response is defined as the outcome differ-
ence between a sham-surgery group and a no-treatment 
group. The specific effect of a surgery is the difference 
between the true surgery and a sham procedure. To sep-
arate what is called the placebo effects from the placebo 
response, a no-treatment control condition is needed 
in addition to a sham control. However, this design is 
almost never used to test surgery or invasive proce-
dures in pain. Placebo responses come from complex 
factors that are imbedded in the surgical ritual and can 
be influenced by numerous factors, including the prepa-
ration for, and type of, procedure, the hospital-like set-
ting, special costumes and preparation of the ‘healer’, 
involvement of multiple authoritative providers, collec-
tive, repeated suggestions to expect a positive outcome, 
a physical invasion of the body, and an elaborate ritual 
of delivery and recovery. In the West (and likely in the 
world), surgery, with its seeming miraculous ability to 
alter the body, and the assumption that it can perma-
nently ‘fix’ a person’s problem, has a power that takes 
on special significance not afforded to any other treat-
ment approaches.16 Thus, one would expect a significant 
contribution from placebo responses, especially for pain 
from invasive and surgical procedures. Several studies 
seem to support this hypothesis and are described below.

Osteoarthritis

Moseley et al,17 for example, reported equal 
improvement of pain in osteoarthritis of the knee from 
arthroscopic surgery compared to a sham surgery. 
The study patients were randomly assigned to receive 
arthroscopic debridement, arthroscopic lavage, or pla-
cebo surgery. Patients in the placebo group received 
skin incisions and underwent a simulated debridement 
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without insertion of the arthroscope. There was not a no-
treatment comparison group. The arthroscopic debride-
ment patients had three stab wounds made and an 
arthroscope inserted in the inferolateral portal; an inflow 
cannula was inserted in the superomedial portal, and the 
various operating  instruments were inserted from the 
inferomedial portal. The study was carefully powered 
(approximately 100 per group) after a pilot study was 
done, and procedures for careful blinding of patients and 
those conducting  outcomes was developed. The  outcomes 
after arthroscopic lavage or arthroscopic debridement 
were no better than those after a placebo procedure.  
The reduced pain from any of the procedures persisted for 
2 years post-operatively, questioning an often repeated 
myth about placebo effects—that they are short lived.

In a somewhat similar study of arthroscopic knee irri-
gation for osteoarthritis conducted by Bradley et al,18 
180 patients were randomized to normal knee irrigation 
or sham irrigation. In the sham group, the needle was 
advanced to, but not through, the joint capsule. As in 
the study by Moseley et al, pain relief was statistically 
 equivalent in both groups and the authors concluded 
that ‘[m]ost, if not all, of the effect of TI (tidal irrigation) 
appears to be attributable to a ‘placebo response.’

The combined effect size of these two studies (as 
derived from the most important continuous outcome 
measure reported in the studies), involving a total of 
340 patients (across both studies), was −0.15, which was 
statistically not significant but trended toward favoring 
the sham groups.17,18 At this point, the evidence does 
not support doing invasive procedures for the pain of 
osteoarthritis.

Low Back Pain

A number of sham controlled studies have been done 
examining invasive procedures for the treatment of low 
back pain (LBP). Two large recent studies examined the 
use of vertebroplasty for pain from vertebral fractures 
due to lumbar discogenic disease.19,20 Buchbinder et al19 
randomized 78 patients with vertebral fracture to verte-
broplasty, or same procedures as vertebroplasty, up to 
the insertion of the 13-gauge needle to rest on the lamina. 
The central sharp stylet was then replaced with a blunt 
stylet. To simulate vertebroplasty, the vertebral body 
was gently tapped, and a cement-like chemical (PMMA), 
usually injected into the patient, was simply opened so 
that its smell permeated the room. Equal improvement 
in pain scores occurred in both groups measured at  
1 week and at 1, 3, or 6 months after treatment.

In a similar study, reported in the same issue of New 
England Journal of Medicine, Kallmes et al20 randomized 
131 patients to either vertibroplasty, or a similar proce-
dure, but with no use of cement. Their primary outcome 
measure was function using the RDQ (Roland–Morris 

disability score) at 1 month and a pain score. They 
reported that ‘Improvements in pain and pain-related 
disability associated with osteoporotic compression frac-
tures in patients treated with vertebroplasty were simi-
lar to the improvements in a control group.’

The combined effects of six sham controlled studies 
involving 396 patients examining invasive procedures 
for LBP show a non-significant effect size of 0.21.19–24 
At this point, the evidence does not support conduct-
ing invasive procedures for LBP. Despite this, the rate of 
vertebroplasty for LBP from vertebral fractures has not 
diminished.25

Headache

Two studies of medium size have examined invasive 
procedures for migraine headache compared to sham 
procedure. Dowson et al13 randomized 139 patients with 
refractory migraine with aura to receive a PFO (patent 
foramen ovale) closure with a STARFlex septal repair 
implant or a sham procedure in which an incision was 
made with no implant. There were differences in head-
ache severity or frequency between the real and sham 
repair groups.

In the second study, Guyuron et al26 randomized 75 
patients with moderate to severe migraine to either sur-
gery in the predominant trigger sites (frontal, temporal 
and occipital)—with endoscopic removal of the glabel-
lar muscles encasing the supraorbital and supratrochlear 
nerves and removal of a segment of the zygomaticotem-
poral branch of the trigeminal nerve—or removal of the 
greater occipital nerve. Sham surgery consisted of mak-
ing superficial cuts in the appropriate location but with 
no surgery. They reported that ‘…surgical deactivation 
of peripheral migraine headache trigger sites is an effec-
tive alternative treatment for patients who suffer from 
frequent moderate to severe migraine headaches that are 
difficult to manage with standard protocols.’

The effect size of this study was moderate to large 
(0.69) and of the combined studies was 0.43, which is sta-
tistically significant (p < 0.03).13,26 While it appears that 
invasive procedures can be effective beyond sham, one 
should note that the two studies were not consistent (one 
was effective and one was not) and the procedures and 
populations were markedly different from each other. 
More research is needed before such a procedure can be 
recommended.

Angina

Finally, there has been some research on surgery 
and invasive procedures for angina—the pain of cor-
onary artery disease (CAD). During the 1950s, before 
the invention of coronary artery bypass graphting 
(CABG) or stenting, ligation of the internal mammary 
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artery (LIMA) was a popular and reportedly successful 
procedure for angina. Two studies were  conducted at 
that time randomizing patients to either real LIMA or 
to a sham procedure in which the artery was exposed 
but not ligated, all other surgical procedures being the 
same. Pain improvement (usually 40–50% improved) 
was identical in both groups in both studies, and exer-
cise electrocardiograms were not altered by either 
procedure in the one study that measured that. The 
procedure was abandoned after these two studies 
were published and replaced with CABG. No sham 
controlled studies of CABG (or stenting) have been 
done.27,28

More recently, a number of invasive procedures for 
angina have been developed using the introduction of 
lasers and electrode manipulation of the myocardium. 
Leon et al29 randomized 298 patients with percutaneous 
manipulation. The sham procedure consisted of  having 
the laser in the room and turned on but no further pro-
cedure was performed. A comparison of placebo (sham) 
with two treatment groups (differing in the numbers 
of laser channels) using the ‘Biosense DMR system’ 
showed no differences in exercise duration (the primary 
end point), exercise time to the onset of chest pain, and 
exercise time to the appearance of ST-segment changes 
at 6 and 12 months.

Another study by Salem et al30,31 randomized 82 
patients to percutaneous myocardial laser revascular-
ization (PMLR) plus optimal medical therapy or a sham 
procedure involving the laser catheter being inserted 
but connected to a hidden lead box plus optimal medical 
therapy. The results of this study suggested that PMLR 
therapy ‘is reasonably safe and effective as symptomatic 
improvement in patients refractory to medical therapy, 
and that the clinical benefit is not attributable to placebo 
effect or investigator bias.’ The combined effects size for 
these two studies was small and non-significant (0.35; 
p = 0.27). At this point, there is a weak recommendation 
against the use of these types of procedure for pain asso-
ciated with angina.

There are a handful of other studies of invasive inter-
ventions for pain conditions such as endometriosis and 
cholia. These studies report variable effects, and there 

are insufficient attempts at replication to summarize 
their effects on these conditions.

Table 22.1 summarizes the current findings from inva-
sive and surgical interventions for pain in studies that 
could be combined with summary estimates.

PLACEBO AND BRAIN STIMULATION 
FOR THE TREATMENT OF PAIN

Neurostimulation techniques have been used to treat 
chronic pain refractory to pharmacologic treatments. 
These techniques include invasive and noninvasive pro-
cedures. The invasive procedures include dorsal spinal 
cord stimulation (SCS), deep-brain stimulation (DBS), 
and motor cortex stimulation (MCS), while transcutane-
ous electrical nerve stimulation (TENS) and repetitive 
transcranial magnetic stimulation (rTMS) are consid-
ered noninvasive.32 The efficacy of these procedures, 
the  surgical targets and the kind of pain for which these 
interventions are indicated are subjects of investigation. 
In this regard, it is interesting to mention two studies 
indicating that expectations may at least contribute par-
tially to the efficacy of these procedures. The first study 
evaluated the placebo effect of rTMS in a cross-over study 
design with neuropathic pain patients resistant to phar-
macologic therapy. Patients were randomized to one of 
two possible arms: true rTMS followed by sham rTMS 
or vice versa. All the patients were informed that they 
would receive two sessions of rTMS which differed only 
for imperceptible changes in the stimulation parameters. 
The two rTMS sessions were performed 2 weeks apart 
in order to avoid carry-over effects of the first session 
of rTMS. The authors found that the participants experi-
enced a substantial analgesic effect when they received 
the sham intervention after a session of real rTMS. 
However, patients experienced greater pain when they 
received the sham session or an rTMS intervention expe-
rienced as ineffective.33 This study provides evidence 
that the placebo effect contributes to the effectiveness 
of rTMS in patients suffering from chronic neuropathic 
pain and that the magnitude of this effect depends upon 
prior successful or unsuccessful rTMS sessions.34

TABLE 22.1 Summary of Effect Sizes of Invasive Procedures and Surgery for Common Pain Conditions

Condition Number of patients (number of studies) Combined effect sizea p value

Low back pain 396 (6) 0.21 0.15

Osteoarthritis 340 (2) −0.15 0.20

Angina 380 (2) 0.35 0.27

Headache 214 (2) 0.43 0.03

a Note the combined effect sizes are derived from the most important continuous outcome measure as reported in the studies. Data reported as collected and 
 assessed for a systematic review and meta-analysis of ‘Are surgery and invasive procedures effective beyond a placebo response?’ (unpublished data from 
 co-authors). According to Cohen’s d, we report as no effect (< 0.2), small (0.2–0.5), moderate (0.5–0.8), or large (> 0.8).
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Interestingly, it has been shown, in conditions other 
than pain,35,36 that placebo effects are an important com-
ponent of DBS. One study has investigated the effect of 
DBS under ON/OFF stimulation in patients with stim-
ulation of the thalamus for treating chronic pain. The 
authors used a placebo manipulation of the intensity 
of stimulation—the stimulator was turned off surrepti-
tiously—in order to study the contribution of expecta-
tion on pain reduction. The patients were evaluated for 
clinical pain and experimental pain under ON and OFF 
conditions. The thalamic stimulation reduced signifi-
cantly clinical and experimental pain, and the reduction 
was in a range of 16 to 4% and 8 to 0.4% respectively.37 
These findings suggest that both DBS and placebo effects 
contribute to the overall analgesic effect and outline the 
importance of considering placebo controls in surgical 
procedures.

CONCLUSIONS

It appears that, except for migraine headache, the 
impact of invasive and surgical procedures on pain is 
not due to the specific nature of the surgical interven-
tions. Even in the case of migraine the positive outcome 
from surgery came from one study, of moderate size. 
The other procedure in migraine was negative. In other 
words, it seems that improvement in pain from interven-
tional procedures does not come from what the surgeon 
does with the knife, scope or needle, but from the social 
ritual of doing the intervention. Pain does improve, but 
not for the reasons that we do the procedure.

What are the clinical and policy implications of the 
current evidence for invasive procedures for pain? In 
order to better understand these implications we con-
ducted a Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) analysis, which 
we report on in full detail in our full systematic review 
and meta-analysis (unpublished data).38 GRADE is a 
standardized and widely used system for exploring rec-
ommendations. It includes: an estimate of the magni-
tude of effect; the confidence in the estimate of the effect, 
taking into consideration the power and sample size of 
the studies; and, a safety grade as reflected in reporting 
on adverse events. To conduct the GRADE we applied 
these criteria for each pain dataset. GRADE options 
range from ‘strong recommendation against the treat-
ment’ through ‘no recommendation’ to ‘strong recom-
mendation for the treatment.’38 Safety of the procedure 
comes into play here. Based on this analysis, the current 
evidence does not support a recommendation for instru-
mental procedures for common pain conditions, includ-
ing low back pain, arthritis, and migraine. Although the 
procedures appeared relatively safe for these conditions, 
effect sizes were small and the authors feel that further 

research is very likely to change the confidence in the 
estimate of effect. For example, if there were to be one or 
more RCT studies, even with severe pain, these estimates 
might change. Invasive limitations are given a weak rec-
ommendation against use for angina due to CAD. Of the 
four randomized controlled trials mentioned above, it 
appears that there are safety concerns that include infre-
quent but serious adverse events and/or interactions, 
and further research is very likely to have an important 
impact on confidence in the estimate of effect and is likely 
to change the estimate. Of concern is that we found no 
studies comparing real to sham studies on the currently 
popular invasive interventions using stent insertion or 
CABG procedures. It is very possible that a large part 
of the reported effects from these procedures are due to 
placebo responses and ritual. The ethical implications 
of continuing to do these procedures without knowing 
whether or not they provide any specific benefit is in 
urgent need of national policy discussion.

Similar concerns exist regarding the use of invasive 
and non-invasive brain stimulations. In 2007, Cruccu 
et al39 evaluated systematically the efficacy of these tech-
niques with the scope to produce relevant recommenda-
tions. They searched the literature, from 1968 to 2006, 
looking for neurostimulation in neuropathic pain con-
ditions. This Task Force concluded that the spinal cord 
stimulation (SCS) is efficacious in failed back surgery 
syndrome (FBSS) and complex regional pain syndrome 
(CRPS) type I (level B recommendation). High-frequency 
transcutaneous electrical nerve stimulation (TENS) may 
be better than placebo (level C), although worse than 
electro-acupuncture (level B). rTMS has transient effi-
cacy in central and peripheral neuropathic pains (level 
B). TENS and r-TMS are considered suitable as short-
treatment and add-on therapies. Motor cortex stimula-
tion (MCS) is efficacious in central post-stroke and facial 
pain (level C). DBS has shown promise for phantom lim-
bic pain and neuropathic pain.32

Despite these recommendations, the mechanisms of 
action are poorly known; placebo-controlled  trials with 
an adequate number of patients are lacking.32  Further 
research, including systematic review and  meta- analyses, 
is also necessary to evaluate to what extend invasive and 
non-invasive brain stimulation help to manage drug-
resistant pain.

Should we be using these procedures for pain? Do we 
need to test invasive interventions for pain with sham 
comparisons before using them? These are complicated 
questions. Certainly patients seem to benefit from being 
subjected to invasive procedures. However, the risks of sur-
gical and invasive procedures are not minor; they include 
risks from anesthesia, permanent injury to the body, and 
psychologic stress as well as the time and productivity 
losses for all those involved. If most of the pain relief is 
due to placebo responses, certainly there are less risky and 
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costly procedures that can be developed to produce ben-
efit. Without more rigorous examination of the placebo 
factors, large numbers of patients will be exposed to risky 
and possibly unnecessary procedures for years. New inter-
ventional procedures will be invented and applied with 
certainty that they are specific or even necessary without 
knowing whether this is true.40 It is currently felt to be 
unethical to deliver new drug treatments without testing 
them for their specific effects with placebo comparison 
arms. Why should it be different with invasive procedures?

On the other hand, what are the ethical implications 
of doing sham surgical procedures? Placebo controls are 
already controversial.41 Recommending that all invasive 
procedures and surgery be tested against sham will cer-
tainly be even more controversial. Certainly, replacing a 
knee or removing a necrotic gall bladder involves struc-
tural changes that result in pain relief, and one would not 
recommend a sham knee replacement study. However, 
anatomic reasoning is not always correct, and determining 
this is not always easy or straightforward. Vertebroplasty 
procedures are done purportedly to correct the nerve root 
pressure from the anatomic collapse of a vertebra. While 
this certainly occurs from this procedure, it appears that 
the pain relief is not due to this structural change.

Do sham surgical studies change practice? The answer 
seems to be ‘sometimes’. When the sham internal mam-
mary studies of angina were published, the use of the pro-
cedure rapidly dropped off.27,28 However, only marginal 
changes have occurred in the use of vertebroplasty for low 
back pain.19,20 When these studies were published, the 
accompanying editorial rationalized their continued use 
under the guise of ‘patient-centered’ care, stating that42:

‘Patients who are given the results of these two studies will 
probably not choose vertebroplasty. Informed choice matters. 
Patient empowerment is the best — if not the only — way to 
change the use of ineffective treatments short of refusing to pay 
for these procedures.’

With all the money behind an industry that delivers 
these procedures, certainly the industry itself cannot be 
trusted to make objective recommendations on which 
ones should be adopted. More rigorous and balanced 
judgment processes for setting standards of care and 
guidelines for interventional approaches to pain are 
needed.

The emerging body of research on placebo effects and 
its mechanisms in pain production and mitigation offers 
hope for improved and evidence-based tools for the phy-
sician and patient. Multiple pathways for enhancement 
of belief, reinforcement of physiologic response and 
establishment of optimal healing environments and pro-
cesses can now be evidence based.43 Without rigorous 
research on how placebo components can exacerbate or 
mitigate pain, we may be inadvertently making patients 
worse. For example, a study published in Pain showed 

that the normal procedure of telling patients that a pro-
cedure may hurt, and then expressing sympathy when 
it does, may increase both pain and anxiety during com-
mon interventional procedures.44

Moerman has called for a redefinition of placebo effects 
as the ‘meaning response’.45 Jonas and colleagues have 
developed a model and framework for ethically maxi-
mizing these responses in practice by creating an ‘optimal 
healing environment’ (OHE).46 This model examines the 
components of the inner environment (the mind) such as 
expectancy and belief; the interpersonal environment 
such as empathy and communication processes; the behav-
ioral environment including ritual and culturally appro-
priate care; and the external environment to enhance 
meaning and learning.47 It is with such a redefinition of pla-
cebo that we will be able to put a science behind what has 
for centuries been relegated to the ‘art’ of medicine. With 
such a ‘science of healing’ we will be able to maximally 
improve our patients’ lives and better relieve their pain 
and suffering. This, after all, is the core goal of medicine.48
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INTRODUCTION

The question posed by this chapter—whether some 
placebo interventions are more powerful than others—
is not new. As early as 1955 Louis Lasagna, one of the 
first placebo researchers, expected sham injections to be 
more effective than placebo pills.1 In general, more inva-
sive and impressive therapeutic rituals are believed to be 
more powerful interventions than less spectacular ones.2

However, how can one placebo intervention be more 
effective than another, if placebos themselves are inert? 
In an attempt to overcome the shortcomings of the tradi-
tional placebo concept some authors have suggested con-
ceptualizations that did not focus on the placebo vehicle 
itself but on the context in which the intervention is per-
formed. For example, Moerman and Jonas3 emphasized 
that most elements of medicine convey some meaning 
for the patient and can thereby contribute to the success 
of a treatment—the physician’s attire, manner, style and 
language, and also the diagnosis and prognosis (see also 
Ch 18 in this book). In a similar approach, other authors 
have emphasized that placebos are effective via the psy-
chosocial context in which they are embedded.4,5 Such 
contextual factors include characteristics of the patient 
(experience, expectation), of the provider (personality,  
beliefs), of the provider–patient relationship (style, 
and content of the communication between doctor and 
patient), of the setting in which the treatment is being 
performed, and of the treatment procedure itself (e.g. 
pill or injection, device or surgery).4

The two contextual factors on which patients tradi-
tionally set their greatest hope are the doctor’s skills 
and the kind of treatment provided. In terms of hope for 
recovery, the treatment is a very important factor, and it 

becomes even more significant when the treatment itself 
is impressive and potentially harmful. The characteris-
tics of treatment procedures may thus have direct con-
sequences for their potential to induce placebo effects.

In this chapter, we will try to answer the question as 
to whether some placebo interventions are systemati-
cally more effective than others, and which factors may 
account for this. We will focus on the field of pain for 
two reasons. First, this is the area of placebo research 
which is growing the fastest and which is best under-
stood.  Second, the biggest meta-analysis on the placebo 
effect so far has confirmed a small, but consistent, pla-
cebo effect on pain for clinical populations.6 However, 
we will also include results on other conditions to see 
whether the results for the field of pain can be general-
ized to other fields.

THE EFFICACY PARADOX

The question of whether some placebos are more 
effective than others in the treatment of pain is impor-
tant, as the gold standard for evaluating the efficacy of 
interventions is still the placebo-controlled, randomized 
trial. Placebo effects, together with other factors (such as 
the natural history of the disease, regression to the mean, 
experimenter or subject bias, and error in measurement 
or reporting) can lead to substantial improvement in the 
placebo groups of clinical trials. One of the underlying 
assumptions of such trials is that the placebo effect is a 
constant background noise, which is more or less stable 
in all trials of a given condition. If placebo effects are 
not constant, however, it could happen that placebo-
controlled trials do not provide a correct estimate of the 
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overall clinical effects of a treatment. For example, if in a 
trial of a treatment ‘X’, the placebo intervention induces 
a small placebo effect, ‘X’ may have a greater chance to 
show superiority above placebo, and thus may be more 
readily regarded as effective compared to a treatment ‘Y’, 
in which the placebo intervention produces a more pow-
erful placebo effect. This could be true even if the abso-
lute treatment effect of ‘Y’ is substantially larger than that 
of ‘X’. This paradoxical situation which can arise when 
placebo effects are not constant across treatment modali-
ties has been called ‘the efficacy paradox’ (Fig. 23.1).7

Is there evidence for a differential effectiveness of vari-
ous placebo control procedures in the field of pain? The 
most straightforward way to investigate this question is to 
compare the effects of different types of placebo treatment 
directly in a randomized controlled trial (RCT). Alterna-
tively, differential placebo effects may be compared indi-
rectly between trials that include different placebo control 
groups. This is usually done by meta-analytic approaches. 
Before we focus on evidence available from direct and 
indirect approaches, we will briefly summarize ideas put 
forward in the literature on why certain types of placebo 
treatment should be more potent than others.

HYPOTHESES FROM THE LITERATURE

As mentioned above, in the 1950s Louis Lasagna had 
already hypothesized that sham injections are more 
effective than placebo pills.1 Leslie8 assumed that the size 
of tablets and capsules was important: ‘…the tiny ones 
suggesting great strength and the jumbo ones impress-
ing by its heroic size,’ but: ‘Nothing can approach the 
psychotherapeutic impressiveness of puncture of the 
integument by a hollow needle.’8 pp. 860–861. The under-
lying assumption is that more impressive placebo inter-
ventions are more potent than others.

It also has been claimed that the best placebos  
are interventions with some mystical or magical con-
notation.9–13 ‘Patients may be led to believe that a treat-
ment sets in motion a supernatural mechanism, which  
is able to stop the disease and restore health to the 
usual.’10 p. 326, authors’ translation. The more a doctor is known 
for a specialty, the more power the patient expects from 
his knowledge and potency.11 Not only primitive or 
ancient healing ceremonials bear magical elements. “The 
white coat, medicinal smells, apparatus and instruments 
of modern medicine can likewise create a magical atmo-
sphere in which pain suddenly subsides, or by which the 
prescribed treatment receives its actual effectiveness.”11 
p. 373, authors’ translation. Recently, Kaptchuk12 p. 1854 compared 
the magic of healing rituals to theatre, especially trag-
edy, in that the audience—like patients—experiences 
emotional agitation (e.g. fear and dread) and physical 
arousal (e.g. tears, coldness and shuddering). ‘Through 
dramatic enactment, both theatre and healing would 
entice the patient into an “as if” or “could be” world of 
open possibilities.’ Thus, the more dramatic a healing 
ritual, and the more it appeals to mysterious powers, or 
in modern times technology,12,13 the greater should be 
the patient’s expectation and thus the potential of the 
treatment procedure to generate placebo effects.

Furthermore, it has been claimed that the occur-
rence of subjective sensations, such as heat or a special 
taste, may increase expectations and hence the placebo 
effect.8,10 For example, Leslie8 pp. 859–860 argued that 
medications have to taste or smell like ‘medicine,’ and 
bitterness rather than ordinary nastiness would carry 
a strong placebo effect, because patients have by asso-
ciation come to expect this. Similarly, placebo treatments 
that leave visible signs such as pain, erythema, or scars 
would be expected to trigger positive expectations—as 
is the case with saline injections, sham acupuncture, and 
sham surgery (see also Ch 16 in this book).
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Beecher focused on negative emotions that may 
enhance the placebo effect.14 He argued that placebos 
could affect only psychologic processes; therefore, the 
greater the importance of the psychologic component in 
a situation, the greater the opportunity for the placebo 
to produce an effect. Beecher referred to the example of 
surgical procedures, which are not only costly of time 
and money, but also dangerous to health or life, render-
ing the circumstances surrounding surgery full of stress 
and anxiety.

Another reason why sham acupuncture and sham 
surgery could be especially effective placebo interven-
tions for the treatment of pain has been proposed by 
Liu and Yu.15 These authors hypothesized that placebo 
interventions which—in addition to triggering expecta-
tions—also comprise sensory (e.g. painful) stimulation 
and emotional factors (e.g. fear and anxiety induced by 
the painful stimulus) would induce the strongest pla-
cebo effect on pain. They assumed that all three factors 
would stimulate the endogenous opioid system and 
would thereby independently contribute to the magni-
tude of placebo analgesia.15

In conclusion, there is some consensus in the literature 
to expect stronger effects from more impressive placebo 
interventions, such as sham acupuncture or sham sur-
gery, as these evoke larger expectations and/or go along 
with conscious sensations and/or strong emotions.

EVIDENCE FROM DIRECT COMPARISONS

In 2002, Kaptchuk et al16 were the first to review the 
evidence for a differential placebo efficacy by focusing 
on trials that included two different kinds of placebo 
intervention, namely, sham devices and inert pills. They 
collected seven relevant trials from the literature: four 
trials on pain in chronic arthritis,17–20 and one trial each 
on hypertension,21 schizophrenia,22 and varicose veins.23 
The four trials on arthritic pain provided evidence for 
a larger placebo effect of parenteral placebos17,19,20 and 
sham acupuncture18 as compared to oral placebo pills. 
From the three studies on conditions other than pain, 
two studies showed positive results: hypertensive 
patients reacted more strongly to parenteral placebos 
than to oral placebos,21 and patients with varicose veins 
found greater relief from a topical vs. an oral placebo.23 
Only the study in schizophrenic patients did not find 
an effect of any placebo intervention, and hence no dif-
ference in-between.22 Even though most of these trials 
suffered from methodologicl weaknesses, such as lack of 
randomization and small sample size, the results war-
ranted further studies on this issue.16

In 2006, Kaptchuk and his team published an RCT in 
which 270 patients with chronic arm pain were random-
ized to either sham acupuncture or inert pills.24 After  

2 weeks of single-blind treatment with one of the dif-
ferent placebo treatments, patients were re-randomized 
to either remain on their treatment or to receive active 
treatment, namely, acupuncture or amitriptyline. Con-
trary to the hypothesis, patients in both placebo groups 
showed similar pain levels after the 2 weeks of single-
blind placebo treatment. During the 6 weeks after 
re- randomization, however, the patients who had con-
tinued on sham acupuncture showed greater reduction 
in pain over time than did those who had remained on 
placebo pills. A further result points to the complexity of 
the research question: one of the secondary outcomes, 
namely, an arm-function score, turned out to be signifi-
cantly more improved in the oral placebo group after  
2 weeks of single-blind treatment than in the sham acu-
puncture group, and this difference vanished during 
the subsequent double-blind period. The initial supe-
riority of the oral placebo with respect to arm function 
was mainly due to an improvement of the ability-to-
sleep subscale—possibly a consequence of informing the 
patients that sleepiness is a side effect of amitriptyline.24 
Thus, both the type of placebo intervention and the pro-
cess of informed consent obviously had an effect on the 
outcome, showing that placebo responses are heteroge-
neous and influenced by many context factors.

Based on these results, we have recently performed 
a systematic review that aimed to retrieve all RCTs 
from the literature; this allowed us to compare differ-
ent types of placebo control (unpublished data). Even 
though an extensive literature search was performed, we 
could identify only 11 RCTs with two or more placebo 
control groups. These did not include the pain trials of 
Kaptchuk’s review,16 which, due to methodologic short-
comings, did not fulfill our inclusion criteria. We found 
four other trials that focused on pain; two of them were 
on acute pain conditions (acute musculoskeletal pain2 
and postoperative pain25) and two investigated chronic 
arm pain.24,26 In none of the pain studies did we see clear 
differences in favor of the more impressive placebo inter-
vention. Only the study by Kaptchuk et al24 provided 
evidence that sham acupuncture reduced symptoms 
more than inert pills after 6 weeks of treatment, whereas 
the primary outcome (pain after 2 weeks) did not show  
the expected result (see above). A better efficacy of 
sham acupuncture, compared to placebo pill, could not 
be verified in two non-pain trials—one on male sexual 
dysfunction and another on asthma.27,28 Yet, two of the 
seven trials on conditions other than pain suggested 
greater benefit by the more intense placebo, but again 
only for a secondary outcome: topical placebo cream 
turned out to be better than oral placebo in the treatment 
of varicose veins with regard to venous refill time, while 
foot volume and minimal ankle circumference only 
showed a tendency for improvement,23 and patients 
with  Raynaud’s phenomenon improved on a clinical 
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rating scale more with EMG biofeedback (that served 
as a control for temperature biofeedback) than with oral 
placebos, but the main outcome, namely the frequency 
of Raynaud attacks, did not change differentially.29

In summary, available RCTs that directly compared 
the effects of different placebo interventions did not 
provide clear evidence that more impressive placebo 
interventions are generally better than less impressive 
ones, either in the treatment of pain or in other condi-
tions. However, RCTs that allow such a direct compari-
son are extremely rare, and the existing ones vary widely 
with regard to indications, interventions, and outcomes. 
Thus, evidence from direct comparisons is yet too sparse 
to get a satisfactory answer to the question posed above.

EVIDENCE FROM INDIRECT 
COMPARISONS

The second approach to test the hypothesis of a dif-
ferential placebo efficacy is to compare the effect sizes 
of different placebo interventions across trials by meta-
analytic approaches.

An interesting result for a differential effectiveness of 
different kinds of placebo intervention emerged from a 
Cochrane meta-analysis by Hróbjartsson and Gøtzsche 
on the effects of placebo versus no treatment in all clini-
cal conditions.6,30 The meta-analysis was based on RCTs 
that included both a placebo and a no-treatment control 
group, thus controling for factors such as regression 
to the mean and natural history of disease, which—in 
addition to placebo effects—are known to contribute 
to the improvement in placebo groups in clinical trials. 
The latest update of this meta-analysis included 202 tri-
als on 60 clinical conditions.6 In this dataset, a small but 
significant placebo effect above no-treatment was con-
firmed for pain. Furthermore, in one of the subgroup 
analyses the effects of ‘physical’, ‘pharmacologic,’ and 
‘psychologic’ placebo interventions were compared. 
Results demonstrated that the average placebo effect 
was larger in trials using ‘physical’ placebos (typically 
sham acupuncture) than in typical drug trials that used 
‘pharmacologic’ placebos as controls. By performing a 
re-analysis of the same dataset, we complemented these 
results by showing that sham acupuncture was the most 
effective ‘physical’ placebo.31

Since these results were derived from indirect com-
parison across trials with high heterogeneity in-between, 
the findings must be interpreted with caution as differ-
ences may be due to confounding factors, such as dif-
fering study populations, study designs, study sites and 
approaches. This caveat applies also to a couple of fur-
ther meta-analyses that aimed to compare the effects of 
different placebo interventions across RCTs for a given 
condition. For example, in 2002, de Craen et al performed 

a systematic review of RCTs on acute migraine and 
found that the subcutaneous placebo interventions 
were, on average, associated with greater headache relief 
than oral placebos.32 In fields other than pain, a similar 
approach has been used to look for possible differences 
between drug placebos and a de-tuned transcranial elec-
tromagnetic stimulation device in RCTs on depression; 
however, no difference between these placebo interven-
tions could be shown.33 Two further systematic reviews 
investigated whether the improvement on placebo may 
be larger in complementary and alternative medicine 
(CAM) trials compared to conventional ones.34,35 One 
of the reviews focused on patients with visceral pain 
(irritable bowel syndrome, IBS) and reported a similar 
responder ratio under CAM placebos (typically Chinese 
herbs, probiotics and dietary supplements) as compared 
to conventional drug placebos.34 Interestingly, the pla-
cebo responder ratio increased with longer trial duration 
and more office visits in CAM trials, while in conven-
tional drug trials the placebo responder ratios decreased 
as office visits increased, suggesting an enhanced  placebo 
effect of CAM office visits.34 The second systematic 
review tested the hypothesis that RCTs of classical home-
opathy often fail because placebo effects are substantially 
higher than in conventional medicine. This hypothesis, 
however, was not supported by the study results: there 
was no difference between the rate of improvement in  
the placebo groups of classical homeopathic trials com-
pared with the conventional medicine trials.35

Our group has recently performed a meta-analysis  
that aimed to compare the effectiveness of different 
kinds of placebo intervention in the prophylaxis of 
migraine attacks.36 We focused on migraine prophylaxis 
because a variety of prophylactic treatments for this con-
dition exist, including drugs, acupuncture, biofeedback, 
and surgery, all of which have been tested in RCTs. Our 
meta-analysis was based on 79 placebo-controlled RCTs. 
These trials used seven different kinds of placebo con-
trol, including orally administered placebos for a phar-
macologic drug, orally administered placebos for a CAM 
intervention, injected placebos for a pharmacologic drug, 
sham acupuncture, sham surgery, a de-tuned electro-
magnetic stimulation device, and cognitive-behavioral 
sham treatments (such as sham biofeedback or pseudo- 
meditation). Results showed that more patients 
improved on sham acupuncture and on sham surgery 
than on oral pharmacologic placebos. The remaining pla-
cebo interventions were associated with improvements 
similar to those achieved with oral placebo pills. How-
ever, between-study heterogeneity was higher than what 
was expected by chance, implying a risk of confounding. 
An explorative multivariable analysis that controlled 
for 15 different factors showed ‘sham acupuncture’ and 
‘sham surgery’ to be the only independent predictors for 
the magnitude of improvement. Furthermore, 40 trials 
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were subjected to a network meta-analysis, which is an 
extension of traditional meta-analysis and allows mul-
tiple pairwise comparisons across a range of interven-
tions while preserving randomization.37–40 The network 
we could form from the dataset allowed us to compare 
sham acupuncture with oral pharmacologic placebos, 
cognitive-behavioral sham treatment, and no treatment. 
Results confirmed that sham acupuncture was more 
effective than oral pharmacologic placebos, and that 
both placebo interventions were more effective than no 
treatment. However, these results cannot verify a causal 
relationship between the type of placebo intervention 
and related improvements. Nonetheless, our data lend 
support to the hypothesis that sham acupuncture, and 
possibly also sham surgery, may reduce the number of 
migraine attacks more effectively than other placebos, 
including injections and machines turned off.36

DISCUSSION

The results of our two systematic reviews, which com-
pared different placebo interventions either directly, in 
randomized trials, or indirectly in trials on migraine pro-
phylaxis, appear a bit contradictory. This could be due to 
confounding in the analysis of migraine trials; however, 
it could also be due to a lack of statistical power in the 
direct comparisons. The effects of active pain treatments 
over placebo are often small to moderate in size, and it 
would be unrealistic to expect large differences between 
different placebos. Even if relatively small in size, differ-
ential placebo effects could have important implications 
for the methodology and interpretation of clinical trials 
(see below).

While the enhanced effect of sham acupuncture and 
sham surgery might be due partly to the physiologic 
effects of skin injury,41,42 it is likely to be related also to the 
special combination of contextual factors that these inter-
ventions entail. Kerr et al43 described sham acupuncture 
as follows: “The placebo acupuncture ritual typically 
includes an initial introductory conversation between 
the patient and the practitioner, a brief use of touch pal-
pation (usually on the wrist or the abdomen) to carry out 
a ‘diagnosis,’ followed by a touch treatment usually con-
sisting of non-penetrating placebo needles that sit on top 
of the skin and cause patients to feel a tactile sensation 
that they believe (…) is a real acupuncture treatment. 
The sham needles are identical in appearance to regular 
acupuncture needles except that the shaft of the sham 
needle retracts into the sheath instead of penetrating the 
skin (in a manner analogous to a theatrical sword (…)). 
Patients usually lie still for 20–30 min or more, at which 
point, the practitioner returns to remove the ‘needles’.” 
(p. 785). Thus, sham acupuncture involves intense com-
munication with the therapist, tactile sensations by the 

needles placed at different body sites, and visual stimuli 
that appear ‘as if’ real needles had been used. In the case 
of penetrating sham acupuncture, painful sensations 
may additionally arise.

Sham surgery is a likewise complex ritual. The fol-
lowing description of a sham surgery procedure is taken 
from the publication of an RCT on arthroscopic surgery 
for osteoarthritis of the knee. ‘To preserve blinding in 
the event that patients in the placebo group did not have 
total amnesia, a standard arthroscopic débridement 
procedure was simulated. After the knee was prepped 
and draped, three 1-cm incisions were made in the skin. 
The surgeon asked for all instruments and manipulated 
the knee as if arthroscopy were being performed. Saline 
was splashed to simulate the sounds of lavage. (…) The 
patient was kept in the operating room for the amount 
of time required for a débridement. Patients spent the 
night after the procedure in the hospital and were cared 
for by nurses who were unaware of the treatment-group 
assignment.’44 (p. 82). Thus, also in sham surgery proce-
dures, an array of contextual factors is involved that may 
enhance patient expectations towards the treatment and 
thereby increase the size of placebo effects. These factors 
include tactile, auditory and visual stimuli as well as the 
high amount of time and attention provided by the sur-
geons and nurses, plus the many little interventions that 
surgery procedures usually entail (e.g. drugs, injections, 
infusions, skin preparation, etc.).

Support for the importance of perceptual characteris-
tics for the size of placebo effects is provided by a recent 
study on experimental pain. When a pepper spray was 
used as the purported analgesic, the pain threshold of 
healthy individuals was significantly higher as compared 
to that following the administration of an inert placebo 
spray, which did not produce any side effect.45 Even 
though these results have to be replicated in patients, the 
study confirms earlier notions that subjective sensations 
may increase expectations, and thus the placebo effect.8

The fact that sham acupuncture and sham surgery 
are composed of many sub-interventions may also con-
tribute to their enhanced effectiveness. Support for the 
augmentation of placebo effects by higher dosing is pro-
vided by an early study that showed increased placebo 
effects on alertness with a higher number of placebo 
pills,46 as well as by a meta-analysis of clinical trials on 
duodenal ulcer that found a regimen of four placebo 
pills per day to be associated with a larger improvement 
than achieved with a regimen of two placebo pills per 
day.47

Furthermore, contextual factors related to the interac-
tion between patients and practitioners have been shown 
to constitute important determinants for the placebo 
effect. For example, a systematic review of RCTs that 
examined the impact of different levels of expectancy 
and emotional support on health outcomes found most 
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robust effects when both factors were combined.4 Some 
years later, Kaptchuk et al randomized patients with 
IBS to 3 weeks on a waiting list (observation), placebo 
acupuncture alone (‘limited’), or to placebo acupunc-
ture with a patient–practitioner relationship augmented 
by warmth, attention, and confidence (‘augmented’).48  
It was found that sham acupuncture was significantly 
more effective when the patient–practitioner relation-
ship was enhanced, suggesting that the supportive 
interaction with a practitioner is a potent component of 
the sham procedure. Further underscoring the impor-
tance of the patient–provider interaction, several meta- 
analyses found a positive association between the 
number of office visits and improvements on placebo 
in trials of Crohn’s disease,49 ulcerative colitis,50 and 
complementary and alternative medicine (CAM) trials 
of IBS.34 However, in conventional drug trials of IBS, an 
opposite relationship was found.51 This may reflect a 
heightened therapeutic effect, especially of CAM office 
visits for IBS patients, when compared to conventional 
medical visits.34

A further issue that may explain the high placebo 
effects, especially in acupuncture trials, may be related 
to the selection of patients. Patients who enter acu-
puncture trials usually have high expectations of this 
type of treatment, especially since acupuncture is not 
part of mainstream medicine in western countries. The 
importance of a priori expectations is underscored by 
the finding that the patients’ expectancies when enter-
ing an acupuncture trial predicted the subsequent 
improvement in chronic pain by sham acupuncture.52 
Furthermore, and due to high costs in terms of time, 
the motivational concordance of patients participating 
in acupuncture and surgery trials may, on average, be 
higher than in a trial where the treatment necessitates 
simply the intake of a pill three times a day. Motiva-
tional concordance with a given treatment is known 
to correlate positively with the response to placebo 
interventions.53–56

Finally, a special characteristic of sham acupuncture 
trials is that patients are frequently not told that they 
might receive a ‘placebo,’ but that ‘two different types 
of acupuncture’ are being compared, or that they might 
receive a type of ‘acupuncture that is not considered 
fully adequate according to Chinese medicine.’57 Com-
pared to typical drug-trial information such as ‘you 
have a 50% chance of receiving placebo’ such a wording 
might induce higher expectations and thus foster pla-
cebo responses.

In conclusion, different factors may contribute to the 
enhanced success of complex sham interventions, such 
as sham acupuncture and sham surgery. It seems rea-
sonable to assume that a combination of several of these 
contextual factors increases the placebo effect in a man-
ner analogous to a dose response.12

IMPLICATIONS FOR CLINICAL TRIAL 
METHODOLOGY AND DECISION-

MAKING

Overall, the available evidence for differential pla-
cebo effects is still relatively limited. But particularly 
the findings in the area of acupuncture suggest that the 
efficacy paradox could be a reality in some situations 
in the treatment of pain. For the methodology of clini-
cal pain trials this would have two implications. First, a 
bigger improvement in the placebo group can consider-
ably enhance the sample size necessary to prove supe-
riority of active treatment. A meta-analysis suggested 
that in fact most sham-controlled acupuncture trials are 
probably largely underpowered to detect the probably 
relatively small ‘specific’ effect.58 Second, there is a need 
for more trials that compare different types of treatment 
directly, thus bypassing the problem of differential ‘pla-
cebo baselines’ in different types of treatment. However, 
such trials cannot be blinded, and researchers should 
be aware of the potential bias when including partici-
pants who have a strong belief in favor of one type of 
intervention.

The problems the efficacy paradox could create for 
decision-making are well demonstrated by experiences 
from Germany. Between 2001 and 2006 large research 
programs were launched to provide an evidence base 
for deciding whether acupuncture treatment for chronic 
low-back pain, chronic pain due to osteoarthritis, and 
chronic headache should be reimbursed in the statu-
tory sickness system which covers about 90% of the 
German population. In a whole series of large random-
ized trials and observational studies, a puzzling picture 
came up (see Cummings59 for a summary). Compared 
to no- treatment or usual-care-only, acupuncture was 
consistently associated with statistically significant and 
clinically relevant benefit for all conditions investigated. 
Compared to sham acupuncture, only one of eight tri-
als found a significant difference in the primary analysis. 
However, both acupuncture and sham acupuncture were 
found to be superior to standard treatment based on Ger-
man guidelines available at that time for low-back pain 
and osteoarthritis of the knee. Based on this evidence, 
the German health authorities decided to reimburse acu-
puncture for chronic low-back pain and chronic pain 
due to osteoarthritis. Otherwise, they would have with-
held a treatment shown to be superior to (reimbursed) 
standard treatment. Critics argued that the trials were 
biased and that German statutory health insurance now 
pays for placebo treatment. And why then not pay for 
sham acupuncture, too?

We believe that there needs to be a systematic discus-
sion among all relevant stakeholders (including patients, 
healthcare professionals, researchers and political 
 decision-makers) when and under what circumstances 
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a treatment should be considered effective and reim-
bursed when it has no, or only small, effects over placebo 
or sham treatment.

CONCLUSIONS AND FUTURE 
DIRECTIONS

In this chapter, we have tried to answer the question 
of whether and why some placebo interventions may 
be more effective than others. By collecting evidence 
from different approaches our results suggest that, in 
the field of pain, such differences appear to exist, with 
more impressive placebo interventions, especially sham 
acupuncture and sham surgery, being more powerful 
interventions than less impressive ones. In conditions 
other than pain, evidence is still too scarce to draw any 
valid conclusion. It is most probably the special compo-
sition of context factors that renders the more impressive 
placebo interventions more effective than others. Future 
studies should try to identify these factors as well as their 
mutual interplay. This would be of importance not only 
for improving clinical trial methodology in order to find 
the best treatment option for patients; identifying and 
understanding the context factors that push treatment 
expectations would also help to improve pain manage-
ment. We know today that the placebo effect can enhance 
not only the effectiveness of inert interventions but also 
of active pain treatments.60 More knowledge about how 
to optimize the treatment expectations of patients could, 
therefore, improve the success of any pain treatment.
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INTRODUCTION

The Patient–Clinician Relationship:  
A Contextual Factor in Pain Management

The idea that the patient–clinician relationship may 
affect pain and other symptoms is not new. Hippocrates 
actually suggested that ‘… the patient … may recover his 
health simply through the contentment with the good-
ness of the physician.’1 But exactly how the ‘goodness of 
the clinician’—or the patient–clinician relationship in a 
more modern language—promotes recovery has most 
often not been explicitly investigated in clinical trials. 
By remaining an unspecified contextual component of 
treatment, the relationship and communication patterns 
between clinicians and patients have been understood 
as elements in the placebo response by many authors.2,3

In recent years, more attention has been given to 
contextual effects of treatment, including the patient– 
clinician relationship, and their effect on health out-
come.3–7 In most research on patient–clinician relations 
different elements in the interaction between patient and 
clinician have been operationalized as communication 
behavior, either studied in natural settings by different 
observational methods8 or experimentally, by training 
or assigning clinicians to communicate in specific ways. 
Only few of the studies on the effect of communication 
behavior on outcome have applied a placebo design, but 
the findings from many of these studies may be inter-
preted within a placebo model.9,10

In a comprehensive review of the role of expecta-
tions in the placebo effect and their use in the delivery 
of health care, Crow et al have presented a model of 
the placebo effect (Fig. 24.1).2 The model points to four 
sets of determinants for the placebo response: patient 

factors, practitioner factors, factors related to the interac-
tion between practitioner and patient, and finally other 
aspects of the treatment and the setting (shape and color 
of the pill, cost of treatment etc.). The model of Crow et al 
includes only one mechanism, as the role of expectancy 
was the topic of that particular review. The model speci-
fies three types of outcome: objectively measures health 
status, patient report and health-care utilization.

The present chapter considers the impact on pain 
perception of one of the determinants in Crow’s model, 
the interaction between clinician and patient. It obvi-
ously takes two to tango, but most studies on the effect 
of the practitioner–patient interaction on health outcome 
referred to in the chapter focus on the practitioner’s part 
of the equation: how do communication behaviors of the 
clinician impact pain perception? I will attempt to spec-
ify the different elements of the ongoing communication 
in clinical encounters and examine their potential impact 
on the patient’s experience of pain.

How Communication may Affect Pain

In Crow et al’s model of the placebo response, expec-
tancy is the only mechanism investigated,2 and expec-
tancies represent a major mechanism of the placebo 
effect.3 In many of the papers discussed in the present 
chapter, and summarized in Table 24.1, the researchers 
test the effect of the clinician’s communication behavior, 
aiming to create positive patient expectations about pain 
relief. But in a number of the studies the researchers go 
beyond a mere formulation of a positive expectation, 
such as ‘This drug is effective and will decrease the pain 
quickly after taking it’11 or ‘You will be better within a 
week.’12 We will suggest three main categories of com-
munication behavior that may add significant qualities 
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to the formulation of an expectation: a persuasive and 
enthusiastic way to convey the message, a warm and 
empathic communication style, and an active involve-
ment of the patient in the consultation.

There are a few examples among the papers of a sug-
gestive or persuasive communication style. In an early 
study, the doctor is instructed to present information 
about pain and treatment ‘in a manner of enthusiasm 
and confidence.’13 In another early study the effect of 
acupuncture is ‘strongly suggested.’14 In early discus-
sions of placebo effects, in particular in the context of 
psychotherapy, the importance of a persuasive delivery 
was often mentioned and emphasized,15 but the degree 
of persuasiveness in the way messages are communi-
cated are sparsely specified in many studies.

Other studies emphasize emotional aspects of the 
relationship. Clinicians are in some studies instructed 
to display a warm and friendly attitude,14 ‘emphasize 
patient comfort and well-being’16 or be empathic by 
attempting to ‘understand and share the participants’ 
pain.’17 This emphasis on emotional aspects of the 
patient–clinician relationship is elaborated both in clin-
ical communication research in general18,19 and in the 
placebo literature.3,20 For instance, Shapiro and  Shapiro 
point to the relevance, for the placebo response, of the 
therapist’s variables underlying Rogerian nondirec-
tive psychotherapeutic approach, such as genuineness, 
empathy and unconditional positive regard for the 
patient.21

Finally, in a number of the studies discussed in the 
chapter, communication behavior of the clinician is sup-
posed to involve the patient actively in communication. 
For instance, in one study the clinician is instructed to 
‘explore patients’ own thoughts about the illness, the 
personal meaning of the illness and own attributions 
of causes.’22,23 The relevance of patient experiences has 
recently been discussed in the literature on placebo 
analgesia.24

In most studies presented in this chapter, a communi-
cation behavior intended to obtain positive health effect, 
such as pain relief, was contrasted to a neutral behavior 
with little presumed effect on pain. But the clinician’s 
way of communication may also increase the pain, creat-
ing a nocebo effect.3 For instance, in a small study on the 
effect of information about headache after lumbar punc-
ture, almost half of those who were told to expect a head-
ache afterwards reported one, while all but one of those 
not warned about a potential headache remained head-
ache-free (p < 0.05).25 (See Chs 25 and 27 in this volume.)

Figure 24.2 presents a revised model, drawn for the 
purpose of this chapter. The model specifies communi-
cation behavior as the independent variable, and expec-
tancy, degree of persuasiveness, emotional quality of the 
interaction and involvement of the patient as the poten-
tially effective aspects of the communication behavior, 
with pain perception as the main outcome.

Selection of Studies

The selection of papers for this chapter has been based 
on a number of sources, such as numerous searches of 
databases with different sets of keywords (Medline, 
SCOPUS), from reference lists of the papers identified 
in the searches and other relevant papers, as well as on 
personal knowledge of the relevant research literature.

In selecting papers, I attempted to include only papers 
investigating the impact of a more or less specified ele-
ment of clinician–patient communication behavior and 
pain perception. Most studies on the impact of commu-
nication on health outcomes other than in the context of 
pain, and studies of the impact on pain of independent 
variables other than communication, are therefore not 
included. In some of the studies, other relevant outcome 
measures are investigated, such as pain behavior, qual-
ity of life and health-care utilization in a broad sense 
(for instance, the use of analgesics). A few examples of 
experimental studies which elucidate relevant aspects of 
the main topic will also be referred to. Papers applying 
a placebo design and other studies have been included.

THE IMPACT OF EXPECTANCY  
IN CLINICAL STUDIES

One of the first studies which attempted to investi-
gate the potential effects of physician–patient commu-
nication on health outcome was a trial by Egbert et al 
as early as 1964; it was designed to ‘determine the effect 
of instruction, suggestion and encouragement upon the 
severity of postoperative pain.’13 Ninety-seven patients 
who were to undergo elective intra-abdominal opera-
tions were randomized to a ‘special care group’ or a 
control group. An anesthetist saw all patients on the 

FIGURE 24.1 A model of determinants for expectancy effects on 
outcome (from Crow et al2).
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TABLE 24.1 Overview of Studies

Author Setting, Sample, Design

How communication is operationalized

OutcomeInformation Expectancy
Persuasion, 
Confidence

Warm 
Atmosphere, 
Empathy

Patient Involvement, 
Agreement

Egbert et al 
196413

Clinical setting, surgery 
patients,
N = 97 Intervention group: 
Surgeon gives information
Control group: No 
information

Information about 
pain

Partly:
pain is common and 
normal

Information given 
‘in a manner of 
enthusiasm and 
confidence’

Not specified Not specified Less use of 
analgesics, but not 
less pain

Reading et al 
198226

Clinical setting, elective 
laparoscopy,
N = 59
Intervention group  
I: specific information
II: un specific reassurance

Information about 
pain

Group I: yes.
Group II: No specific 
information about 
surgery

Information given 
in a reassuring and 
supportive way 
(group I and II)

Not specified Not specified Less use of 
analgesics (p < 0.05), 
but not less pain

Thomas 198730 General practice,
N = 200 Two groups: 
positive and negative 
consultations

Information about 
diagnosis

Positive cons.:
Recovery to be expected

Positive cons.:
Patients told 
confidently that they 
would be better

Not specified Not specified Better symptom 
recover in 
intervention group  
(p < 0.001)

Knipschild & 
Arntz 200512

General practice,
N = 128
Two groups:
Explanation of illness. 
Positive expectation.2.  
No explanation

I will tell you 
precisely what the 
matter is
with you (followed 
by a clear 
explanation)

You will
be better within a week 
or so.

Not specified Not specified No No effect on pain of 
intervention

Gryll & Katahn 
197832

Clincal setting, dentistry,
N = 160
2 × 2 × 2 × 4 design
(Status, Attitude × 2, 
Message)

Yes Oversell and undersell 
condition

Not specified Warm and 
neutral condition
(attitude)

Encourage 
interaction with 
patient

Most effect of 
message (oversell, 
p < 0.001) and 
interaction oversell 
and attitude (p < 0.05)

De Craen et al 
200111

Clinical setting,
Pain clinic,
N = 112
2 × 2 design
Expectancy (positive vs. 
negative) × pill vs. placebo

Yes Intervention:
Pill effective, will 
decrease the pain 
quickly
Ctrl: Medication is 
limited and … not …. 
beneficial in all patients

Not specified Not specified No No effect

Street et al 201231 Acupuncture clinic
N = 311
2 × 2 design
High vs. neutral 
expectations, real vs. sham 
acupuncture

Yes Yes
I expect this will 
work, you should see 
improvement etc

Not specified Not specified Not specified High expectation 
condition predicted 
lower pain indirectly 
through effect on 
patient satisfaction 
(p < 0.05)

(Continued)
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Berk et al.141977 Clinical setting,
Acupuncture,
N = 42
2 × 2 design

About treatment Acupuncture is effective 
therapy

Effect of acupuncture 
‘strongly suggested’

Warm and 
friendly

Calling patient 
attention to needle 
sensation

Borderline effect of 
positive milieu  
(p = 0.053)

Kaptchuk et al 
200822

Clinical setting,
Acupuncture,
N = 289 Three conditions:
Augmented
Neutral
Waiting list ctrl

About treatment (d) to communicate 
positive treatment 
expectations and

Not specified Be warm and 
empathic in the 
interaction with 
the patient

Explore thoughts 
about the illness, 
the meaning, 
attributions, (e) to 
use active listening 
skills

Significant better 
symptom relief in 
augmented condition
(p < 0.001)

White et al 
201216

Clinical setting,
Acupuncture,
N = 221 Empathic condition 
vs. control

Not specified Not specified Not specified (a) Greet patients 
in a friendly, 
warm manner, 
(d) emphasize 
patient comfort 
and well-being

(b) Permit 
patients to enter 
conversation with 
their practitioner, 
(c) comply with 
participants’ wishes, 
providing detailed 
answers to questions

No effect on pain of 
empathic condition.
One provider 
achieved better pain 
reduction (p < 0.002)

Sambo et al 
201017

Experimental setting,
N = 30
3 conditions:
High empathy
Low empathy
Alone

Not specified Not specified Not specified High vs. low 
empathy

Not specified No main effect of 
empathy
Low empathy x  
hi attachment 
anxiety > more pain 
(p < 0.01)

Bass et al 198641 Survey,
N = 272
Correlational design

No Not specified Not specified Included in the 
patient-centered 
concept

Included in the 
patient-centered 
concept

Patient discussed 
headache fully 
predicted less 
headache (p < 0.001)

Shaw et al 201142 Clinical settings,
Back pain patients,
N = 97 Correlational design

Included in RIAS Not specified Not specified Included in RIAS Included in RIAS Questions on 
treatment, facilitation 
and rapport building 
associated with more 
pain

TABLE 24.1 Overview of Studies — cont’d

Author Setting, Sample, Design

How communication is operationalized

OutcomeInformation Expectancy
Persuasion, 
Confidence

Warm 
Atmosphere, 
Empathy

Patient Involvement, 
Agreement



H
O

W
 C

O
M

M
U

N
IC

A
T

IO
N

 M
A

Y
 IM

PA
C

T
 PA

IN
 PER

C
EPT

IO
N

247

Staiger et al 
200544

Clinical setting, 
physiotherapy,
N = 380
Correlational design

Not specified Not specified Not specified Not specified Clinician-patient 
agreement

Agreement predicted 
higher quality of life, 
not pain

Bieber et al 
200648

Clinical setting
Effect of training
N = 111

Not specified Not specified Not specified Not specified Physicians in 
intervention group 
trained in shared 
decision making

No effect on pain

Chassany et al 
200649

Clinical setting
Effect of training
GPs: N = 180 GP
(96 trained) in Patients: 
N = 842

Information about 
pain

(Describe likely 
evolution of pain)

Not specified Propose the idea 
of therapeutic 
partnership

Make sure that 
patient has said all 
he/she wants to

Patients in trained-
GP group had better 
overall pain relief  
(p < 0.0001)

Aiarzaguena 
et al 200750

Clinical setting
Effect of training
GPs: N = 39
Patients: N = 156

Information about 
illness

Not specified Not specified Empathic 
response to 
patient concerns

Patients encouraged 
to
Describe feelings

SF-36 scores in 
intervention group 
better in intervention 
group, including 
bodily pain  
(p < 0.003)

Flaten et al 
200653

Experimental setting,
N = 84
2 × 2 design

Information about 
drug vs.
Information about 
pain

Positive expectancy Not specified Supportive 
interaction 
encouraged 
vs. minimal 
interaction

Attention to patient 
vs. minimal attention

Both  
intervention > less 
pain, only in males

Sarinopoulos et al 
(in press)

fMRI experiment after 
arranged consultation,
N = 9

Not specified Not specified Not specified Included in the 
patient-centered 
concept

Included in the 
patient-centered 
concept

Reduced pain related 
neural activation in 
anterior insula in 
patient-centered group
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day before surgery to describe procedures. The anesthe-
tist did not give the patients in the control group any 
information about postoperative pain. The special care 
group, however, was given detailed information about 
where they would feel pain, how severe it would be, and 
how long it would last. They were told that having pain 
after abdominal operations was common and normal, 
and that pain could be relieved by relaxation. Simple 
relaxation instructions were also given during the con-
versation between the patient and the anesthetist. The 
authors pointed out that ‘the presentation was given in a 
manner of enthusiasm and confidence’. The paper does 
not report data on pain perception, but patients in the 
intervention group requested significantly less analge-
sics (p < 0.01), appeared more comfortable and in better 
condition physically and emotionally, and were dis-
charged from hospital at an average of 2–3 days earlier 
than patients in the control group (p < 0.01).

Fifty years after that study was performed it is easy 
to criticize the researchers for applying a design which 
makes it difficult to decide what element of the interven-
tion that actually had the effect on the patients’ reduced 
demand for analgesics. What was most important of the 
content of the information given, the relaxation instruc-
tions or the ‘enthusiasm and confidence’ that charac-
terized the doctor’s communication style? However, 
whatever shortcomings the study has, it was the first 
systematic attempt to specify the effects of communica-
tion on pain and pain behavior.

Subsequent studies have further investigated differ-
ent strategies to prepare patients for surgery, aiming 
to reduce postoperative pain and promote a speedy 
recovery. In one study 59 women who were undergo-
ing elective laparoscopy were randomly assigned to 
three experimental conditions: a pre-operative interview 
providing information about surgery in a reassuring 

and supportive way, an interview in which the clinician 
provided reassurance in general terms, with no specific 
information about surgery, and finally a control condi-
tion, in which no contact was made prior to surgery.26 As 
with the findings of Egbert et al, no difference was found 
in pain perception, but the group who received specific 
and reassuring information about surgery was found 
to use significantly less analgesics than the two other 
groups (p < 0.05). The findings from this study indicated 
that a generally reassuring attitude on the part of the cli-
nician has no effect on outcome if it is not related spe-
cifically to information about the procedure. However, 
from that particular study we do not know whether a 
persuasive communication style characterized by reas-
surance and support was a prerequisite to make infor-
mation produce the changes in pain behavior (lower use 
of analgesics).

In a number of subsequent studies of preparation for 
medical procedures, the emphasis was more on teaching 
patients relaxation and other techniques and the use of 
different media for presentation of information (tapes, 
booklets etc.) than on communication style in face-to-
face interaction. Reduction in postoperative pain has 
been reported in studies where the intervention involved 
cognitive coping techniques,27 stress inoculation tech-
niques28 and relaxation training.29 Taken together, these 
early studies of preparation for surgery showed that pre-
paring patients psychologically for the operation might 
pay off. Gradually, interventions became more targeted 
to promote coping and self efficacy, as cognitive behav-
ior therapies developed in the field of pain management.

In 1987 the British physician K. Bruce Thomas pub-
lished a paper which has become a much quoted classic 
in the early literature; this paper deals with the effects of 
communication style on health outcome.30 Two hundred 
patients in general practice, who had reported a num-
ber of different symptoms but with no objective find-
ings of disease and without a specific diagnosis, were 
given arranged consultations by general practitioners 
in a 2 × 2 factorial design. The patients were given either 
a consultation conducted in a ‘positive manner,’ with  
and without treatment, or a consultation conducted in 
a ‘non-positive manner,’ called a negative consultation, 
with and without treatment. A main element in the posi-
tive consultations was to give the patient a firm diag-
nosis and to tell him or her confidently that he or she 
would be better in a few days. When patient satisfac-
tion was assessed 2 weeks after the consultation, there 
were significant differences between positive and nega-
tive groups, but not between the treated and untreated 
groups. There were also significant differences in sub-
jective symptoms. Of the patients in the positive condi-
tions, 64% reported to have become better, compared 
with 39% in the negative consultation groups (p = 0.001). 
There were no significant differences between treated 
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and untreated groups. In the paper there is no specifica-
tion on the effect on pain, but pain conditions such as 
abdominal pain, back pain, leg pain and headache were 
among the most common complaints in the data set. In 
his conclusion, Thomas posed the following rhetorical 
question: ‘For a thousand years the action of the placebo 
has made vast numbers of patients feel better; have we 
today produced a consultation in which the placebo 
does not act?’30

Even if Thomas’ study has been frequently quoted, 
it took almost 20 years before the Dutch research-
ers  Knipschild and Arntz performed a replication of 
Thomas’ study.12 A total of 128 patients were random-
ized into two groups. The instructions to the GPs on how 
to treat them were similar to those in Thomas’ study. The 
patients in the ‘positive group’ were, according to the 
authors ‘… given a clear diagnosis and were told that 
they would soon be better’. The patients in the other 
group were told that they ‘… probably had no serious  
underlying disease but that the GP did not know exactly 
what was wrong.’ These latter patients were advised to 
come back to the GP later if necessary. Two weeks after 
the consultation no significant differences were found 
between the two groups, neither in patient satisfac-
tion nor in subjective symptoms. Thomas’s study and 
the Dutch replication are quite similar. There is, how-
ever, a nuance in the description of the intervention. 
In  Thomas’s study it is explicitly stated that the doctor 
 confidently told the patient that he or she would be  better 
in a few days.30 The formulations in the articles on the 
Dutch group do not specify the degree of persuasion in 
how the messages with the positive outcome expecta-
tions were communicated.12

De Craen et al performed a similar study with a a 2 × 2 
factorial, randomized, placebo-controlled, double-blind 
design.11 Chronic pain patients attending a chronic pain 
outpatient clinic were randomized to receive a single oral 
dose of 50 mg tramadol or placebo. Moreover, patients 
were also randomized to two different conditions 
regarding the content of the information given about the 
drug. In the positive condition, the patient was told that 
‘… this is a medication that recently became available in 
the Netherlands. This drug, according to my experience, 
is very effective and will decrease the pain quickly after 
taking it.’ In the neutral condition, the instruction was 
as follows: ‘My own experience with this medication is 
limited and my impression is that it will not be beneficial 
in all patients. The pill becomes effective almost imme-
diately, if it is going to have an effect.’ Clinicians were 
instructed to use their own wording when presenting 
the message to the patient. There is no other information 
in the paper on how the message was communicated. 
This is one of the very few studies that combine an active 
drug vs. placebo design with a systematic variation of 
communication variables. In this study all findings were 

negative. There was no significant effect of tramadol vs. 
placebo, no significant main effect of the positive vs. 
neutral instruction, and no interaction effects.11

Recently, Street et al conducted a randomized con-
trolled trial (RCT) to test the effect of an expectancy 
instruction (high vs. neutral expectations) on pain in 
an acupuncture study (real vs. sham acupuncture) with 
patients with knee osteoarthritis.31 Acupuncturists  
in the High Expectations group were trained to convey 
hope and optimism for treatment using positive state-
ments such as ‘I expect this will work,’ ‘you should see 
improvement,’ ‘I have had excellent results with this 
treatment,’ ‘I have had a lot of success with these kinds 
of symptoms,’ and ‘I am very optimistic that this will 
work for you.’ The positive expectation intervention had 
no main effect on pain. However, the clinician’s commu-
nication about treatment effectiveness during an initial 
visit significantly predicted patients’ satisfaction with 
acupuncture 4 weeks into treatment. Satisfaction scores, 
in turn, predicted patient-reported pain 6 weeks follow-
ing treatment (p < 0.05).31

THE IMPACT OF EMOTIONAL 
COMMUNICATION

While the studies described so far emphasize expec-
tancy, with varying degrees of persuasion, a number 
of studies have investigated the emotional component 
of the placebo responses, with instructions to provide 
a warm atmosphere and empathic communication 
style.22,23,32

A key construct in emotional communication is empa-
thy. Although different definitions of empathy exist, 
recent conceptualizations have converged on the idea 
that therapeutic empathy is comprised of at least three 
primary components: (1) cognitive (accurately recogniz-
ing the client’s experience); (2) affective (sharing the cli-
ent’s feelings); and (3) behavioral (expressing empathy 
to the client).33–35

In an early study specifying the potential effect of 
an emotionally warm atmosphere, Gryll and Kathan 
investigated context effects when giving dental patients 
mandibular-block injections required for their dental 
treatment.32 Before the injection was administered the 
patient received a placebo, which was a 100-mg, light-
green spansule capsule, supposed to relieve tension, 
anxiety, and sensitivity to pain in association with the 
injection. The study did not include an active drug 
condition; all patients received a placebo or no cap-
sule. The design was a 2 × 2 × 2 × 4 factorial design with 
four independent variables: (1) status of the individual 
delivering the communication of tile effects of the pill 
administration to the patient (i.e. dentist or dental tech-
nician); (2) the attitude of the dentist toward the patient  
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(i.e. warm or neutral); (3) the attitude of the dental tech-
nician toward the patient (i.e. warm or neutral); and (4) 
the type of message given to the patient concerning the 
anticipated effects of the pill (i.e. oversell, undersell, 
saliva, no pill). Dependent variables were the patients’ 
report of pain experienced from mandibular-block injec-
tion, as well the effects of the placebo on anxiety and fear 
of the injection.

The results were complex. The most powerful vari-
able was type of message, with lowest pain in the over-
sell condition (‘This is a recently developed pill that I’ve 
found to be very effective in reducing tension, anxi-
ety, and sensitivity to pain. It cannot harm you in any 
way. The pill becomes effective almost immediately’). 
The main effect of oversell was statistically significant 
(p < 0.001) with reasonably large effect sizes. The effects 
of the attitudes of the dentist (p < 0.05) and dental assis-
tants (p < 0.01) were also significant, as well as the inter-
action of message content and attitude (p < 0.001). The 
most effective condition in terms of pain reduction was a 
positive expectation presented by a warm practitioner in 
a positive atmosphere.32

A number of studies have used acupuncture vs. sham 
acupuncture as part of the intervention. Acupuncture 
is a treatment which lends itself to placebo trials. It is 
easy to perform a placebo condition by placing needles 
in a way which provides sham acupuncture. A number 
of studies have applied sham acupuncture to investigate 
placebo effects.

In an early study applying real and placebo acupunc-
ture Berk et al investigated the effects on pain in a sample 
of 42 volunteers with bursitis and/or tendonitis of the 
shoulder.14 The design was a 2 × 2 factorial design with 
acupuncture vs. placebo acupuncture and a so-called 
positive vs. negative milieu as the independent variables. 
The positive milieu was defined in terms of three different 
elements: (a) A prepared statement read to the patients 
before treatment, strongly suggesting that acupunc-
ture was an effective therapy. (b) During the treatment 
itself, the acupuncturist actively engaged the patients 
in the therapeutic process by calling their attention to 
the needle sensations and rewarding them for feeling 
them. (c) The doctor–patient relationship was supposed 
be ‘warm and friendly’. The negative milieu condition 
was characterized by (a) a statement which strongly 
emphasized the shortcomings, doubts, and inconsisten-
cies that surround acupuncture, (b) no engagement of the 
patient in the therapeutic process, and (c) a minimum of 
doctor–patient interaction. On average, patients in gen-
eral reported a reduction in discomfort after treatment. 
There was no significant effect of active vs. placebo acu-
puncture, and a borderline significant effect of a positive 
milieu (p = 0.053).

More recently, Kaptchuk et al investigated the impact 
of clinician communication behavior on symptoms of 

patients with irritable bowel syndrome (IBS).22,23 The 
researchers conducted a clinical trial of 289 patients with 
IBS. There were three conditions, the so-called  augmented 
and neutral interaction conditions, both receiving  placebo 
acupuncture, and a waiting-list control group. In the aug-
mented condition, the practitioner was given rather spe-
cific instructions about communication style. They were 
instructed (a) to be warm and empathic in the interaction 
with the patient, (b) to explore psychosocial stressors, (c) 
to explore patients’ own thoughts about the illness, the 
personal meaning of the illness, and own attributions of 
causes, (d) to communicate positive treatment expecta-
tions, and (e) to use active listening skills. However, 
the practitioners were explicitly instructed not to apply 
specific cognitive or behavioral techniques, known from 
clinical studies of IBS treatment. The consultations were 
videotaped, and the consultations in the augmented 
group were found to be characterized by a communica-
tion style that may be characterized as patient-centered. 
The practitioners in the Limited group, on the other hand, 
were instructed and trained to minimize their interaction 
with the patient in a neutral and businesslike manner, 
without being outright negative.

The most pain-relevant dependent variable was a 
symptom severity scale, a questionnaire that measures 
the sum of the participant’s evaluation on a 100 point 
scale of each of five items: severity of abdominal pain, 
frequency of abdominal pain, severity of abdominal dis-
tension, dissatisfaction with bowel habits, and interfer-
ence with quality of life.

There were significant effects of condition, in relation 
to all dependent measures (global improvement, percent 
change in symptoms, change in symptom severity and 
quality of life); the augmented condition was most effec-
tive at both 3 and 6 weeks after treatment (levels of sig-
nificance ranging from <0.005 to <0.001). The effect sizes 
were medium to large.22 A number of patient character-
istics, such as patient extraversion, agreeableness, open-
ness to experience, and female gender, were associated 
with placebo response, but these effects held only in the 
augmented group.23

In a recent study, White et al examined the placebo 
effect of sham acupuncture on pain in patients with osteo-
arthritis.16 As in the study of Kaptchuk et al22 they sought 
to use an empathic communication style. The empathic 
condition is defined slightly differently from the one in 
the study of Kaptchuk et al. Practitioners should (a) greet 
patients in a friendly, warm manner, (b) permit patients 
to freely enter into conversation with their practitioner, 
(c) comply with participants’ wishes, providing detailed 
answers to questions, and (d) emphasize patient comfort 
and well-being.

In the non-empathic condition, the consultation was 
supposed to be more ‘clinical’ in nature. Practitioners 
should (a) greet patients in an efficient manner, and 
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quietly show them to the treatment cubicle, (b) discuss 
only matters directly relating to the treatment, (c) keep 
explanations as short as possible. If patients attempted 
to enter into any discussion, the practitioner should say: 
‘I’m sorry, but because this is a trial I am not allowed to 
discuss this with you.’

The primary outcome was pain (VAS) at 1 week post-
treatment. On average, the patients improved, with no 
difference between real and sham acupuncture. In con-
trast to the study of Kaptchuk et al, there was no sig-
nificant effect of the empathic condition on pain, but one 
specific practitioner achieved a significantly greater pain 
reduction than one of the other practitioners in the trial 
(p = 0.002). The researchers also conducted interviews 
with patients. Patients’ beliefs in treatment and confi-
dence in outcome predicted treatment effect indepen-
dent of experimental condition.16

A recent non-clinical experiment indicates that there 
may be individual differences regarding the effect of 
empathy on pain.17 Thirty healthy subjects participated 
in a study in which thermal pain was inflicted in a labo-
ratory. They took part in a pain experiment either with-
out the company of other individuals or in the presence 
of two observers of the opposite sex; the observers had 
been instructed to show high empathy or low empa-
thy with the patient during the experiment. The effect 
on pain of the empathic behavior of the experimenter 
depended on individual differences in the attachment 
styles of the subjects. Subjects with higher attachment 
anxiety responded with less pain in the empathy con-
dition than in the non-empathy condition. For subjects 
without high attachment anxiety scores, the empathy 
status of the observer had no significant effect on pain. 
Moreover, there was a main effect of social presence 
on autonomic responses to pain, with less pain with 
an observer present, independently of the empathy 
status of the observer and the attachment style of the 
subject.17

PROMOTING PATIENT INVOLVEMENT 
AND COMMON GROUND: THE  

PATIENT-CENTERED INTERVIEW

One of the main concepts of the literature on 
physician– patient relations is patient-centered com-
munication.36,37 Important elements of the patient- 
centered communication include how practitioners take 
the patient perspective, show empathy, and allow for 
a full discussion of the patients’ concerns.18,19 Patient-
centered practitioners should also provide information 
and attempt to elicit positive expectations and emotions, 
with recognition of patient resources, self efficacy and 
coping.36 A main concept in the patient-centered tradi-
tion is common ground, pointing to the importance of 

obtaining a shared understanding of the patient’s condi-
tions and concerns.38

Although few studies have investigated the impact 
of patient-centered interviewing on pain, a number 
of researchers have discussed how a patient-centered 
approach may be beneficial.39,40

Empirical evidence for the potential benefit of a 
patient-centered approach is a study from The Headache 
Study Group of the University of Western Ontario.41  
A total of 272 patients presenting to general practitioners 
with a new complaint of headache took part in a 1-year 
prospective study. Data from both patients and physi-
cians covering a large number of variables were col-
lected at the first visit. Follow-up data were collected by 
mailed questionnaires or telephone interviews. At 1-year 
follow-up only three variables from the first visit data 
set predicted resolution of symptoms independently in a 
logistic regression analysis. The strongest predictor was 
whether or not patients had reported after the first visit 
that they had discussed their headache fully with the 
physician. The two other predictors were an organic final 
diagnosis and absence of visual problems accompanying 
headache. Neither age, gender, medication, referral nor 
the presence of psychosocial problems contributed inde-
pendently to symptom resolution.

Shaw et al investigated the effects of patient–provider 
communication on 3-month recovery from acute low 
back pain in 97 patients.42 Consultations with a clinician 
(mostly a physician or a nurse) were analyzed accord-
ing to the Roter’s Interaction Analysis System (RIAS).43 
Associations between RIAS data and pain ratings at  
3 months follow-up were investigated. The number of 
biomedical questions and questions regarding treat-
ment was significantly associated with more pain after 
3 months, but also typically patient-centered variables 
such as the providers’ facilitation of patients’ concerns 
and positive rapport building. It is difficult to interpret 
these findings. Hypothetically, one explanation could 
be that facilitation and rapport building actually caused 
more pain, for instance by legitimizing and reinforcing 
pain behaviors. However, the authors have a different 
explanation. They suggest that providers may distin-
guish high-risk patients at the first consultation and 
adapt their communication patterns when interacting 
with them. This interpretation is also supported by the 
findings that certain patient behaviors, such as emo-
tional and negative rapport building, were associated 
with more pain at follow-up.42

An important element in the patient-centered 
approach is to establish common ground with the patient 
and reach agreement about symptoms and treatment.38 
Staiger et al investigated the effect of perceived patient–
physician agreement on patient-reported outcome 1 
month later.44 High agreement was associated with 
patient satisfaction, and SF-36 domains of mental health, 
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social functioning and vitality, but not on pain. A few 
studies on provider–patient agreement have focused on 
the other side of the coin, namely, on the disagreements 
which often occur between physicians and patients on 
how to understand the pain.45 For instance, Allegretti 
et al found frequent mismatch between physicians and 
patients with low back pain regarding understanding of 
both the etiology and treatment.46 However, we know 
little on the impact of such disagreement on pain.

A number of studies describe the effects of commu-
nication skills training programs, often designed to pro-
mote a patient-centered communication style.47 Three 
studies have measured the effect of communication 
skills training on patients’ pain perception.

Bieber et al trained physicians in shared decision mak-
ing and investigated whether patients who saw physi-
cians after training reported different outcomes than 
patients who saw untrained physicians. They found that 
training had an impact on communication patterns, but 
not on pain.48 Chassany et al trained 84 GPs to improve 
their communication with patients with osteoarthritis, 
aimed at improving pain management. During training, 
the physicians discussed methods of pain evaluation 
and treatment, such as the effects of words during pre-
scribing and how to manage a therapeutic contract with 
patients. They were trained to inform patients about 
pain mechanisms, describe the likely evolution of their 
pain, to make sure that patients discussed their concerns 
fully with the physician, and to promote a therapeutic 
partnership. The sum of daily pain intensity differences 
(SPID) between intervention group and control group in 
the direction of less pain was significantly larger in the 
intervention group (p < 0.0001). The reduction in VAS 
(0–100 mm) in the intervention group from baseline to 
2 weeks was also significant (p = 0.01), but the difference 
between the groups was only 4.5 mm.49

Aiarzaguena et al trained 19 GPs in a communication 
skills intervention; different communication skills aimed 
to avoid stigma associated with psychosocial suffering, 
devlop a safe and warm atmosphere, and improve the 
patient’s quality of life.50 SF-36 scores were better in the 
intervention group, including bodily pain (p < 0.003), but 
the threshold of clinical relevance suggested by  Ferguson 
et al51 was not reached.

In the studies which investigated the effect of different 
patient-centered communication strategies, the designs 
did not include behavior to explicitly promote positive 
expectancies in patients, which is considered a core ele-
ment in the placebo response.52 In an experiment with 
healthy volunteers. Flaten et al therefore attempted to 
differentiate between an expectancy induction and emo-
tional aspects of the communication between the study 
administrators (providers) and subjects (‘patients’).53 
Eighty-four subjects took part in the study. Pain was 
induced by the submaximum tourniquet technique, and 

all patients were given an analgesic to relieve pain dur-
ing the experiment. A 2 × 2 factorial design was applied. 
Expectancy was manipulated by giving positive and 
neutral information about the drug respectively to sepa-
rate groups. Moreover, emotional aspects of interaction 
were introduced in the manipulation of information giv-
ing and interaction with the experimenter about pain 
and the subject’s feelings during the experiment. Sub-
jects in the Pain Information groups were informed by 
the experimenter about the pain-induction procedure 
and what pain to expect, emphasizing that, although the 
procedure would be painful, it is completely without 
risk. The experimenter repeated the information dur-
ing the experiment and responded to questions from 
subjects about pain and the procedure in a positive and 
supportive manner. Subjects in the No Pain Information 
groups received minimal information about the effects 
of the induction procedure, and the experimenters were 
instructed to engage only minimally in communication 
with the volunteers during the procedure. Pain tolerance 
was significantly higher, and pain unpleasantness less, 
in the group that received information about both the 
drug and the pain, but only in male subjects, possibly 
reflecting the fact that the nurses who administered the 
experiment were all female.53

In evaluating the effect of the Pain Information vari-
able it is difficult to differentiate between the effect of the 
content of the information about pain and the effect of 
a more supportive interpersonal context for the experi-
ment. Interestingly, the information about the pain stim-
ulus had a gradually stronger analgesic effect over the 
course of the experiment, with maximum analgesia seen 
at 40 minutes. Thus, it may have been the more support-
ive nature of the interaction with the nurses, and not the 
content of the information about the pain stimulus, that 
affected pain levels.53

In a recent laboratory study. Sarinopoulos et al 
investigated the effect of patient-centered and a more 
conventional clinician-centered interviewing style on 
subsequent processing of pain stimuli, applying fMRI to 
study neural activation patterns during painful stimu-
lation.54 After a clinical interview the investigators con-
ducted an fMRI experiment in which painful stimuli 
were presented together with a picture of the interview-
ing doctor or an unknown doctor. During the presenta-
tion of pain stimuli anterior insula activation increased, 
as expected. However, in patients who had undergone 
the patient-centered interview the anterior insula activa-
tion was less when the stimulation was accompanied by 
a picture of the interviewing doctor than by a picture of 
an unknown doctor. This effect was not seen in patients 
who had been interviewed according to a conventional 
doctor-centered approach. The findings indicate that a 
patient-centered consultation may have an effect on pain 
processing after the consultation, and could represent a 
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contribution to our understanding of the mechanisms 
underlying placebo analgesia. Moreover, the study con-
firms the potential applicability of fMRI in the study of 
analgesic procedures, even in clinical settings.55

PSYCHOSOCIAL INTERVENTIONS IN 
PAIN MANAGEMENT

Most of the studies summarized in Table 24.1 concern 
interaction between clinicians and patients in regular 
medical consultations. But over the last few years we 
have seen the development of a number of well defined 
therapeutic approaches to psychologic treatment of 
pain, which certainly apply a number of communica-
tion behaviors and techniques, but apply these tech-
niques within the framework of specified psychologic 
treatment.56

The most well established psychologic treatment 
approach in contemporary pain management is cog-
nitive behavioral therapy (CBT). Gatchel et al have 
provided a definition of CBT in the context of pain man-
agement: ‘The term CBT varies widely and may include 
self instructions … relaxation or biofeedback, developing 
coping strategies, changing maladaptive beliefs about 
pain and goal setting … varying selection of these strate-
gies … embedded in a more comprehensive pain man-
agement program that includes functional restoration, 
pharmacotherapy, and general medical management.’57 
CBT has been extensively evaluated in studies of treat-
ment,58 and a number of different treatment approaches 
has developed within the general framework of CBT.59

In recent years so-called acceptance-based traditions, 
such as acceptance commitment therapy (ACT), have 
been applied in pain management.60,61 A recent meta-
analysis concludes that acceptance-based therapies in 
many studies are shown to provide small to medium 
effects on physical and mental health in chronic pain 
patients, with effect sizes quite comparable to those of 
cognitive behavioral therapy.62

Motivational interviewing (MI), a treatment approach 
with a strong and explicit emphasis on patient-centered 
interviewing techniques, such as open-ended questions 
and empathy, and with a specific emphasis on how to 
handle patient ambivalence to behavioral change, has 
also been applied to pain treatment and rehabilitation 
programs. However, few studies have investigated the 
specific effect of MI on pain. In a recent RCT, an MI 
approach was compared to usual-care to improve can-
cer pain management.63 Patients randomized to the MI 
group reported significant improvement in their ratings 
of pain-related interference with function, as well as gen-
eral health, vitality, and mental health, but not reduced 
pain intensity. The intervention included a video and a 
pamphlet on managing cancer pain, and the paper did 

not provide data on specific communication behavior. 
The researchers concluded that MI may be a useful strat-
egy to help patients decrease attitudinal barriers toward 
cancer pain management and to better manage their can-
cer pain.

A relevant question in the context of this chapter is 
to what extent the effects of CBT, ACT and MI may be 
attributed to the therapist’s communicative behavior 
or to other elements of the program, such as relaxation, 
mindfulness or biofeedback sessions, graded exercise, 
patient-education elements, such as videos and leaflets, 
home assignments etc. In the literature on these treat-
ment approaches applied to pain management, there are 
hardly any studies which evaluate the effects of specific 
and distinct clinician communication behaviors on pain 
perception. Treatment outcome is most often described 
in terms of the effects of a more or less comprehensive 
program, not the effects of specified therapist commu-
nication style. However, therapist behaviors are obvi-
ously crucial elements in the treatment program. In 
psychotherapy research a distinction is made between 
specific and common factors. The specific factors include 
the therapeutic techniques specific to each therapeutic 
method, whereas common factors are elements seen in 
all or most therapies. The most important common fac-
tors include the therapeutic alliance between therapist 
and patient, the degree of empathic behavior displayed 
by the therapist, and more specific behaviors such as 
expectancies promoted by the therapist.64,65 Such com-
mon factors may obviously also be observed in medical 
consultations, and have been exemplified in some of the 
studies reviewed in the present chapter.

DISCUSSION AND CONCLUSION; 
SUGGESTIONS FOR FUTURE RESEARCH

Taken together, the findings from the studies dis-
cussed in this chapter are mixed. Some studies indicated 
positive effects of the clinician’s communication behav-
ior on pain, while in othe r studies there were nega-
tive findings. Moreover, some of the studies indicated 
nuanced findings in terms of individual differences in 
the effect on pain perception, both regarding patient 
characteristics17,53 and clinician effects.16

Of the 19 selected studies, an effort to elicit a posi-
tive expectancy is present in at least 10 studies. In two 
of these studies we see significant effects in the direc-
tion of pain reduction,22,32 in one a borderline significant 
effect,14 in one an effect in males, but not in females,53 
and in three studies positive effects in terms of ‘getting 
better’ of symptoms (which include pain)30 or reducing 
the use of analgesics.13,26 In one study communication 
to elicit a positive expectation had an indirect effect on 
pain, mediated by patient satisfaction.31 In two studies 
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an expectancy induction was sufficient to promote pain 
reduction,32,53 but in both cases the studies also included 
a condition with an emotional component, which was 
associated with further positive effects on pain reduc-
tion. The other five studies in which pain reduction was 
reported included communication elements other than 
expectancy, such as persuasion (information given ‘in a 
manner of enthusiasm and confidence’), empathic rela-
tionship to the patient, and/or an emphasis on patient 
involvement in the consultation.13,14,22,23,26,30

Only 2 of the 10 studies aiming to elicit a positive 
expectancy reported no effects on pain or other relevant 
variables.11,12 There were no specifications of the degree 
of persuasion in how the message was delivered in these 
studies, and emotional aspects were not mentioned.

While the importance of persuasion is an obvious 
aspect in marketing,66 it is relatively seldom explic-
itly discussed in the placebo literature. We have found 
explicit examples of the emphasis on persuasive com-
munication in only four of the papers. The role of persua-
sion in the placebo response in clinical settings warrants 
further discussion.

Another quality of the interventions was the extent to 
which there was an emphasis on emotional aspects, such 
as a warm and friendly atmosphere and empathic clini-
cian behavior. The role of emotions in placebo analgesia 
is important.20 It is well established that negative emo-
tions increase pain, and it has been hypothesized that 
one factor in placebo analgesia could be a reduction in 
negative emotions. Lyby et al have recently shown, in 
an experimental study, that fear was related to reduced 
placebo analgesia, in terms of both self reported fear of 
pain67 and experimentally induced pain.68 A potential 
explanation of why a warm and empathic communi-
cation style seems to augment the expectancy effect in 
some of the studies could be reduction of negative emo-
tions.22,32 Explicit measures of negative emotions, before 
and after the consultations, should therefore be added in 
future studies. In a review on the effect of empathy on 
pain management, Tait concludes that ‘despite the rela-
tively limited evidence regarding the role of empathy in 
pain medicine, the larger literature on clinical empathy 
yields results that are relevant to the management of 
chronic pain and headache, especially when considered 
in conjunction with the neurophysiology of empathy’  
(p. 110).33

Increased patient involvement, giving the patient an 
opportunity to fully discuss his or her concerns, and 
a patient-centered patient–clinician relationship with 
emphasis on a process towards finding common ground, 
seems, in some of the reviewed studies, to be associated 
with a patient experience of less pain41,49,50 or better 
quality of life.44,50 Most of these studies have a correla-
tional design or are intervention studies designed to test 
the effect of communication skills training; this makes 

it difficult to pinpoint exactly which communication 
behaviors are responsible for an effect on pain percep-
tion. However, there is growing evidence that the way 
patients—after the actual interaction with a clinician 
(or an experimenter in an experiment)—experience and 
remember the situation may be associated with success-
ful pain reduction.24,69

Statistically significant and positive effects on pain 
perception in clinical studies are reported in five stud-
ies.22,32,41,49,50 But even if the effects on pain perception 
are statistically significant, the effect sizes and clinical 
significance vary. Gryll et al do not report effect sizes, 
but from the data presented it appears that the effect size 
of the oversell condition is rather large, and further rein-
forced by a warm attitude.32 The effect sizes in the study 
of Kaptchuk et are also medium to large.22 However, 
in the studies reporting effects of communication skills 
training, the effects are small, and whether or not they 
are clinically significant is a matter of discussion.49,50 
Moreover, it is difficult to measure the size of the effect in 
Bass’ study on the outcome of communication on head-
ache. The outcome criterion is dichotomized, whether 
symptom resolution is present or not. However, the sta-
tistical association between the communication variable, 
whether patients felt that they had discussed their head-
ache fully with the physician, was strong and robust.41

To summarize, we have discussed four different ele-
ments of communication which may impact on pain 
perception (expectancy, persuasion, emotional aspects, 
patient involvement). We have found some evidence 
that each of these factors may have impact on pain per-
ception. There is some evidence that a combination of 
the elements may have stronger effects than each of 
them separately. But to the extent that positive effects 
are found, they are—with a few excpetions—relatively 
small.

Future studies should develop designs making it pos-
sible to differentiate better between the effects of dif-
ferent elements of the interventions and to investigate 
the effects of communication behavior on proximal 
outcomes which may serve as potential mediators on 
an effect on pain perception.31 Most research on doctor–
patient relations so far has been in the form of clinical 
studies. More emphasis should be given to experimental 
studies which may better specify the different elements 
of communication behavior and elucidate the underly-
ing mechanisms of how the doctor’s words may affect 
the patient’s brain.6
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INTRODUCTION

In clinical practice, many patients discontinue drug 
treatments because of side effects, albeit the reported 
symptoms cannot be fully attributed to the drug. Alter-
natively, these patients are prescribed additional drugs 
to alleviate the side effects, thus increasing unnecessar-
ily the amount of medication intake and also the costs 
for the health-care system. Clinical practice also reports 
patients not responding to otherwise adequate therapeu-
tic strategies with no obvious explanation for the treat-
ment’s inefficiency. These observations may, in many 
cases, be manifestations of the nocebo effect. The follow-
ing sections will elaborate on this clinical relevance of 
the nocebo effect and propose strategies to minimize its 
occurrence.

The traditional definition of nocebo effects describes 
negative responses to inert treatments, such as the 
occurrence of side effects in the placebo-arm of a ran-
domized clinical trial. Reeves and colleagues pub-
lished a widely cited example of the nocebo effect:1 a 
young man who was participating in a clinical trial of 
an antidepressant medication intoxicated himself with 
29 pills in a suicide attempt. He was hospitalized with 
a significant hypotension requiring intravenous fluids 
to stabilize his blood pressure. An emergency unblind-
ing of his trial randomization revealed that he had been 
assigned to the trial’s control group and thus had taken 
29 placebo pills. After this information had been dis-
closed to the patient, his physical symptoms subsided 
rapidly. This case report impressively illustrates how 
adverse events can develop in response to a patient’s 
expectations about the putative properties of an (inert) 
substance.

However, the nocebo effect is not limited to clinical 
trials that involve the administration of an inert sub-
stance. Research has accepted a broader definition in 
the last years. According to this account, nocebo effects 
are induced by a patient’s negative response expectan-
cies about the treatment outcome.2 They may there-
fore also arise in the context of the administration of a 
pharmacologically active substance and alter the treat-
ment outcome, analogous to the treatment-modulating 
effects of placebo-related positive response expectan-
cies.3 While early accounts of placebo and nocebo effects 
may have been dismissed as indications of a reporting 
bias or subjective experiences without physiologic cor-
relates, recent studies have convincingly demonstrated 
that nocebo effects entail physiologic changes and can be 
substantiated using brain-imaging and EEG methods.4–8 
In analogy to placebo effects, the processes of associative 
learning and expectancy formation are thought to con-
tribute to the development of nocebo effects.

When considering the nocebo effect, it is important to 
distinguish its two typical phenomenologies. On the one 
hand, nocebo effects manifest themselves in the devel-
opment of side effects during a treatment, i.e. symp-
toms that had not been perceived before the intake of 
the medication and that are attributed to the drug. This 
may be the case in the placebo arm of a clinical trial, but 
also in daily clinical practice, as the following sections 
will demonstrate. On the other hand, nocebo effects may 
become apparent in the worsening of the pre-existing 
medical condition that was the target of the therapeutic 
regimen. This manifestation is also highly important in 
daily clinical practice. Both types of nocebo effect have 
to be clearly distinguished from symptom fluctuations, 
the natural course of the disease and statistical artifacts 
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in clinical trials. This distinction has become ingrained in 
placebo research, thus requiring the comparison with a 
no-treatment control group in order to determine ‘true’ 
placebo effects. Unfortunately, it has been less embraced 
in nocebo research. Many meta-analyses of nocebo effects 
in clinical trials report only the side effects of the pla-
cebo arm without considering a natural history control 
group.9,10 This is certainly also due to the fact that clini-
cal trials with a no-treatment control group are scarce.

It is increasingly accepted that nocebo effects occur in 
daily clinical practice and that they negatively influence 
the treatment outcomes across a wide range of medical 
conditions and therapeutic modalities. Barsky and col-
leagues discuss these consequences of nocebo-induced 
side effects in their groundbreaking review.11 The nocebo 
phenomenon may lead to an increase in the symptom bur-
den and may distress the patient. Additionally, nocebo-
induced side effects significantly influence a patient’s 
decision to adhere to a prescribed treatment, as is demon-
strated by the number of patients that withdraw from the 
placebo arm of a clinical trial due to reported side effects.12 
Thus, in the clinical setting, the nocebo phenomenon may 
lead to non-adherence to an otherwise adequate treat-
ment. Nocebo effects can lead to extra medical visits and 
the initiation of additional treatments in an attempt to 
alleviate the nocebo symptoms. Considering the societal 
cost of nocebo effects, the nocebo phenomenon can also 
significantly add to health-care costs by increasing health-
care utilization and by motivating the non-adherence to a 
medication or the prescription of additional drugs.

Thus, the identification and reduction of nocebo 
effects in daily clinical practice is of therapeutic as well as 
of economic relevance. In the analysis of nocebo effects, 
it is helpful to consider the components of the medical 
encounter that may inadvertently contribute to a nocebo 
effect. Previous research has identified the following 
crucial factors in the formation of nocebo expectations: 
the information about possible negative treatment out-
comes, the patient’s anticipation of these outcomes, and 
the direct as well as indirect experiences of negative ther-
apeutic outcomes.2 These factors are shaped by different 
aspects of a therapeutic encounter. The communication 
of the diagnosis, the information about the treatment 
and its risk and benefit, and the verbal interaction dur-
ing a treatment, may all be a source of nocebo responses. 
The following sections will analyze these elements of the 
treatment with a special focus on the treatment and man-
agement of pain. Ultimately, the goal must be to delineate 
an approach to minimize the concomitant nocebo effects.

BELIEFS ABOUT ILLNESSES AND 
MEDICATIONS

Nocebo effects may arise in response to the infor-
mation a patient receives about a treatment. While this 

information is certainly part of the therapeutic encoun-
ter (cf. sections ‘Communicating a diagnosis and test 
results’ and ‘Initiating a treatment’, below), it is also con-
veyed outside the therapeutic context. Important sources 
of such additional information are the media, peers and 
relatives, or the observation of another person’s experi-
ences with a certain drug or illness. If this information 
contributes to beliefs about illnesses and medications 
regarding their negative treatment outcome, it is condu-
cive to the development of nocebo phenomena.

In the domain of pain, cognitive factors, such as the 
meaning that is ascribed to the pain by an individual, 
and the beliefs about pain, are of special importance.13 
Beliefs about pain include e.g. the causal attribution of 
pain and how to react to the pain. Beliefs about pain 
develop over the life span; such beliefs are based on the 
individual’s experiences with pain, the observation of 
pain in others, and communication about pain experi-
ences. Examples of maladaptive beliefs about chronic 
pain are the conviction that pain is always dangerous 
and that the appropriate reaction to chronic pain is to 
rest and reduce activity. The maladaptive function of 
such beliefs is expressed in fear-avoidance models: a cat-
astrophizing interpretation of pain results in fear, avoid-
ance and disuse, which, in turn, lead to a deterioration of 
the pain.14 This effect can be interpreted as a nocebo phe-
nomenon because the respective negative expectancies 
are associated with a worsening of the medical condi-
tion: fear-avoidance beliefs not only predict the persis-
tence of pain in patients suffering from acute pain, they 
are also considered a risk factor for the development of 
pain in the general population.13,15

In addition, various studies demonstrate that external 
information can influence the development of nocebo 
effects, for example health warnings16 or modern health 
worries.17 A laboratory study investigated the occur-
rence of headache after mobile phone use, a phenom-
enon which has often been covered in the media.18 The 
headache is presumed to be a result of radiofrequency 
fields (RF) of the mobile phone. In this sample of par-
ticipants, who described themselves as ‘electromagnetic 
hypersensitive,’ the real exposure to RF was compared 
to sham RF exposure regarding the resulting discomfort, 
the occurrence of pain, and the location of the pain. The 
participants were blind to the randomized exposure con-
ditions. The experiment elicited headache and discom-
fort; however, these measures did not differ in the RF 
and the sham trials. Thus, headache after mobile phone 
use may be regarded as a nocebo effect that may be 
strengthened by the media coverage.

These findings draw attention to information pro-
cesses that happen outside the therapeutic context, and 
to the beliefs that a patient already holds when starting 
the treatment. On a societal level, it would be desirable 
to sensitize the representatives of professional journals 
and the daily press to the possible consequences of their 
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reports about side effects of medical treatments and their 
influence on the development of health worries and 
associated nocebo effects.18,19 On the level of the health-
care providers, it stresses the importance of assessing 
the respective beliefs of the patients and of subsequently 
addressing these concerns. Importantly, the health-care 
practitioner needs to tailor the respective information 
to the individual patient and should try to identify 
patients that are at high risk for nocebo effects.11 These  
a priori beliefs can be measured using standardized instru-
ments, such as the Beliefs About Medicine Questionnaire 
(BMQ).20 The BMQ has proven to be a valid predictor of 
the occurrence of nonspecific side effects in the treatment 
of rheumatoid arthritis.21 Two of its subscales assess the 
respondent’s orientation to ‘modern medicines’ in gen-
eral. If this questionnaire was employed more frequently 
in clinical practice it could be evaluated for its use as a 
screening tool to identify patients at high risk for nocebo 
effects. However, standardized instruments cannot elicit 
specific concerns as successfully as an individual inter-
view. It therefore seems advisable to explore the patient’s 
attitudes toward a medication proactively, before he or 
she enters any treatment, and to encourage the patient to 
voice possible existing concerns regarding the treatment 
regimen and address them. This holds especially true for 
the treatment and management of pain, because even 
the drug-naive patient may hold an exaggeratedly nega-
tive attitude towards many pharmacologic treatments 
(e.g. cortisone), due to their alleged side effects. The goal 
of this strategy is to identify patients with a pre-existing 
negative treatment expectancy that has been shaped by 
external sources of information.

COMMUNICATING A DIAGNOSIS AND 
TEST RESULTS

When a patient starts treatment, the health-care pro-
vider will usually explore the patient’s symptoms and run 
tests in order to diagnose the patient’s pathology. In the 
domain of pain, especially in chronic pain, the diagnos-
tic process merits special attention. Over- investigation,  
i.e. the implementation of repeated medical tests that 
do not lead to additional information poses a serious 
problem in this population and is even discussed as an 
iatrogenic risk factor for pain chronification.22 This over-
investigation may be caused by the health-care profes-
sional’s anxiety not to overlook any medical evidence. 
Considering, however, that any diagnostic procedure 
may induce worry and anxiety in the patient, and that an 
invasive diagnostic procedure may even cause additional 
harm, a nocebogenic effect of over-investigation must be 
taken into consideration.

At the beginning of the diagnostic process, patients 
may be anxious about their condition and the test results. 
This holds especially true for patients with chronic pain 

who are often unsure about the meaning of their symp-
toms and the impact that the illness will have on their 
everyday lives.13 Anxiety itself has been discussed as a 
factor in the occurrence of nocebo effects.23 Therefore, 
some have argued that it may even benefit the patient not 
to know all the possibly serious diagnoses that a health-
care practitioner may have in mind when running diag-
nostic tests.24 Practitioners could instead explain that the 
tests are necessary to rule out other conditions, and that 
details would be disclosed only after the test results are 
known. This procedure is thought to reduce worry and 
unnecessary anxiety on the patient’s part. Whether this 
approach is ethically acceptable, and whether it would 
benefit all patients equally, merits further debate. Anxi-
ety, however, also limits patients’ cognitive capacity to 
follow the verbal content of the therapeutic encounter 
and may thus bias their understanding of the communi-
cated test results.

Effective strategies of communicating test results and 
diagnoses therefore merit special attention. The impor-
tance of providing information about normal test results 
for patients’ reassurance, and the subsequent occurrence 
of symptoms, was investigated in a randomized con-
trolled trial (RCT) in patients with chest pain.25 The study 
demonstrated that providing patients with information 
about the test, and explaining the meaning of normal test 
results before testing, improved subjective reassurance 
and reduced the likelihood of future reports of chest 
pain. Importantly, this information was provided before 
the testing. Essential parts of the information concerned 
the interpretation of a normal test result, i.e. a risk for 
cardiovascular diseases as low as for anyone in the gen-
eral population, and the mentioning of other, less seri-
ous reasons for chest pain. It is interesting to note that 
the statements were formulated positively and colloqui-
ally (‘normal,’ ‘low risk,’ etc.). On the contrary, the use of 
medical jargon to convey normal test results (‘the scan 
is negative’) may even contribute to nocebo effects.26,27

While the latter example concerns the communication 
of normal test results, less is known about the possible 
nocebogenic effect of the communication strategies used 
to inform the patient about a medical diagnosis. Such 
effects could arise with regard to the communication 
of the prognosis, the disease recurrence, or the spread 
of disease, and may foster a more negative expectancy 
than is necessary regarding the outcome of treatment. 
The nocebogenic effect of fear-avoidance beliefs in pain 
has already been mentioned (cf. section ‘Beliefs about 
illnesses and medication’, above). Unfortunately, these 
maladaptive beliefs may also be fostered in the thera-
peutic interaction. Health-care providers sometimes 
may even strengthen fear-avoidance beliefs through 
the recommendation to refrain from everyday activi-
ties.28,29 The diagnostic label itself may influence the 
patient’s illness beliefs and thus lead to a deterioration 
in the symptoms as a nocebo effect.30 In a survey among 
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general practitioners and physical therapists, more than 
60% indicated that they would advise a patient to refrain 
from painful movements, more than 30% believed that 
a reduction in pain is necessary for return-to-work, and 
more than 25% reported that they considered sick leave 
a good treatment for back pain.31 The communication of 
a diagnosis and its prognosis may therefore be accom-
panied by catastrophizing remarks of a fear-avoidant 
health-care provider and thus impact negatively on the 
patient’s pain.

Due to the limited amount of empirical research, adja-
cent areas of research may be informative about how 
to avoid nocebo effects in communicating a diagnosis. 
For instance, research has accumulated a considerable 
amount of guidelines on ‘how to break bad news’ to the 
patient.32–34 An important feature of these communica-
tion strategies aligns well with studies of the nocebo 
effect and concerns the provision of truthful but opti-
mistic statements,35 i.e. focusing on realistic positive 
outcomes while providing an honest view of the con-
sequences associated with a diagnosis. This may entail 
a positive framing of the prognosis, i.e. ‘Forty percent 
of the patients get better’ instead of ‘The medical condi-
tion deteriorates for 60% of the patients.’ Additionally, 
establishing a trustful therapeutic relationship may be of 
great importance, even at this early stage of the thera-
peutic encounter, in order to facilitate the communica-
tion of a diagnosis and to avoid nocebo effects.36,37 This 
can be accomplished by the use of the basic principles of 
patient-centered communication.38

INITIATING A TREATMENT

Before any treatment is initiated, the health-care pro-
vider must inform the patient about the costs and benefit 
of the various treatment options and obtain informed 
consent to the treatment. As it is in this phase that a 
patient’s expectation about the outcome of treatment is 
shaped most directly, this process is highly relevant to 
the development of nocebo effects. The cost of a treat-
ment may be seen in the occurrence of side effects, while 
the benefit pertains to the symptom alleviation that is to 
be expected. In the treatment of chronic pain, the selec-
tion of analgesic drugs often follows the algorithm of the 
‘pain ladder’ as proposed by the World Health Organi-
zation.39 This algorithm advocates a step-wise approach  
to pharmacologic pain management, starting with non-
opioids and then continuing with mild opioids and strong 
opioids. Therefore, the analgesic benefit of the drugs  
needs to be weighed against common side effects, e.g. in 
opioids: respiratory depression, vomiting, somnolence, 
circulatory changes, pruritus, cognitive impairment, and 
constipation.40 The fear of potential side effects and their 
actual occurrence are highly relevant to the analgesic 

treatment because they influence the patients’ adherence 
to the prescribed medical regimen.41

Communication about the side effects of a treatment 
can produce these very side effects, as observational and 
experimental research has demonstrated. One experi-
mental study compared the occurrence of nocebo effects 
in patients with persistent arm pain that received either 
sham acupuncture or a placebo pill.42 The patients were 
falsely informed that they had a 50% chance of receiv-
ing an active treatment. The side effects that the patients 
experienced were completely dependent upon the infor-
mation they received during the informed consent, i.e. 
pain during treatment, local redness or swelling after 
the sham acupuncture and drowsiness, headache, or dry 
mouth after the placebo pill (said to contain amitripty-
line). In support of this specificity hypothesis of nocebo 
effects, meta-analyses of clinical trials demonstrate that 
the profile of side effects experienced in the placebo 
arms of the trials mirrors the side effect profile of the 
active drug under investigation.9,10,43,44 In a systematic 
review of anti-migraine clinical trials, adverse event pro-
files of triptans, anticonvulsants and nonsteroidal anti-
inflammatory steroids (NSAIDs) were compared in their 
respective placebo arms.45 The adverse events in the 
placebo arms mimicked those of the anti-migraine medi-
cation against which the placebo was compared. For 
example, anorexia and memory difficulties are typical 
side effects of anticonvulsants and were observed only in 
the placebo arm of the respective trials. The occurrence 
of nocebo effects is not restricted to the administration 
of inert placebos. Inclusion of a specific side effect in the 
informed consent form of a verum increases its preva-
lence in the respective treatment group compared to 
another group receiving the same medication but with-
out the respective side effect outlined in the informed 
consent.46,47

If the disclosure of the side effects or risks may lead  
to the very same side effects, this poses an ethical 
dilemma to the clinical practice of informed consent.48 
Research has advanced different strategies in order 
to minimize the possible nocebogenic effect of the 
informed consent process.24,48,49 For once, a procedure 
of contextualized informed consent has been proposed24 
that encourages the health-care provider to individu-
ally adapt the amount of information disclosed to the 
specific situation. In a similar vein, ‘authorized conceal-
ment’ has been discussed as a strategy of modifying the 
informed consent procedure.48 In this approach, patients 
are informed about the nocebo phenomenon and then 
asked whether they would prefer not to be informed 
about potential treatment side effects that are distressing 
but do not pose a serious threat to their health. However, 
both approaches merit further discussion under an ethi-
cal, or at least legal perspective, which at the moment 
hinders their integration into clinical practice.
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Other strategies, however, can be implemented to 
minimize nocebo effects within the existing informed 
consent approach. Educating patients about the nocebo 
effect and the underlying mechanisms without changing 
the amount of information disclosed has been discussed 
as one such strategy.11 However, as a case report illus-
trates,50 it may be difficult to convince a patient that he 
is experiencing a nocebo effect once the side effect has 
occurred. This approach therefore needs further empiri-
cal research. Another option is to prepare patients for 
the occurrence of side effects, regardless of their drug- 
specific or nonspecific nature, and to help patients to 
cope with them.11 This strategy assumes that patients 
will be less anxious about a side effect when they know 
that it is not medically dangerous and can even be 
reframed positively as an indicator that the drug is tak-
ing its effect. The reduction of anxiety may help to pre-
vent nocebo effects. In the case of opioid medication for 
chronic pain, the health-care provider could thus inform 
the patient about frequent side effects such as nausea, 
pruritus, and somnolence, and stress at the same time 
that these side effects are likely to diminish within the 
first weeks of the treatment and can be reframed as ‘the 
drug taking its effect’. Side effects which are likely to 
persist, such as constipation in opioid therapy, need to 
be addressed in a coping focused manner, i.e. by pre-
paring the patient for the symptom and informing the 
patient about possibilities to counteract the diminished 
gastrointestinal motility.

Additionally, the form in which the information about 
the risks of a specific side effect is presented merits atten-
tion. A series of studies demonstrated that a qualitative 
description of the frequency of side effects (i.e. very rare, 
rare, uncommon) led to a gross overestimation of risk 
compared to quantitative descriptions.51 The effect of 
the framing of information on nocebo effects was dem-
onstrated in a study that prospectively examined the 
occurrence of side effects in relation to different types 
of side effect disclosure.52 The authors demonstrated 
that when the information about the frequency of side 
effects was formulated in a positive way, i.e. focusing 
on the percentage of patients that do not experience the 
side effect, the patients reported fewer side effects than 
when the same information was formulated in a nega-
tive way, i.e. focusing on the percentage of patients that 
do experience the side effect. It is important to note that 
the information communicated is essentially equivalent 
in both cases. The framing manipulation did not impact 
on the choice of treatment option, thus demonstrating no 
biasing effect on the autonomy of informed consent. On 
the contrary, biasing effects of framing mode were found 
in another study that investigated the attractiveness of 
different treatments for lung cancer:53 treatment options 
were rated more attractive if they were described in terms 
of the probability of living or the probability of dying. 

Accordingly, the frame of reference for the description of 
alternative therapies should be held constant, e.g. both 
described in the probability of living, in order to avoid 
biasing effects. The examples argue that the informed 
consent procedure has a potential to reduce nocebo 
effects if it describes possible side effects in a coping 
focused manner, if it uses quantitative descriptors, and if 
it frames risks focusing on the percentage of patients that 
do not suffer from the side effect.

Even though the possible costs of a treatment in terms 
of side effects have received greater attention in nocebo 
research, the framing of the benefits of a treatment is 
equally important, because it also directly contributes 
to the patient’s treatment expectancies. The influence 
of experimentally induced negative treatment expec-
tancies on the medical outcomes in patient populations 
has not often been researched, due to the ethical con-
cerns about the induction of a nocebo effect. However, 
experimental research in healthy participants demon-
strates that nocebo suggestions are capable of inducing 
allodynic or hyperalgesic effects, thus exacerbating pain 
or turning non-painful stimuli nociceptive.54 In a brain- 
imaging study of healthy participants, a nocebo sugges-
tion (exacerbation of pain) abolished the analgesic effect 
of remifentanil in a heat-pain paradigm.55 Similar results 
have been obtained in other studies using different 
paradigms of experimentally induced pain with vary-
ing medications in healthy participants.5,56,57 A recent 
review also implicates nocebo effects in the management 
of postoperative pain.58 While most studies investigate 
the nocebo instruction concurrently with the treatment, 
one study investigated whether a nocebo suggestion that 
was given once before the treatment could still impact 
nocebo responses after longer pain experiences.7 This 
approach mirrors closely the discussion of risk and ben-
efit in the informed consent procedure at treatment ini-
tiation. The healthy participants underwent a repetitive 
nociceptive stimulation over 8 days, the effect of which 
should normally diminish over time due to processes of 
habituation. The experimental group, however, received 
a nocebo instruction that the pain would increase over 
time. The results demonstrate that the experimental 
group reported a constant and unchanging pain during 
the complete trial that was also associated with specific 
patterns of brain activation. Thus, a negative suggestion 
of pain exacerbation conveyed only once before a longer 
experimental timeframe was able to produce a lasting 
nocebo hyperalgesia.

Explicit nocebo instructions of pain exacerbation will 
hopefully seldom be found in clinical settings. However, 
different scenarios are conceivable where nocebo sug-
gestions may be given inadvertently. On the one hand, a 
health-care practitioner may clearly favor one treatment 
option and depict the other options as ineffective or 
very risky. In this case, if a treatment option is presented 
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negatively to the patient, and is later administered after 
all other options have failed, the patient’s expectancies 
will have changed and he may demonstrate unfavorable 
physiologic responses to the treatment.59 On the other 
hand, nocebo suggestions may be given while informing 
the patient about the disease (cf. section ‘Communicat-
ing a diagnosis and test results’, above). Careless nocebo 
information may impact the treatment outcome even 
with a time-delay. Concerning nocebo effects, the results 
encourage a truthful but optimistic discussion of possible 
treatment outcomes. If uncertainty about a treatment’s 
effectiveness is communicated to the patient, this may 
negatively influence treatment outcomes.60 Additionally, 
an exaggerated devaluation of other treatment options 
as risky or ineffective should be avoided to prevent 
nocebo effects in case the patient should choose to recur 
to these options. Naturally, the health-care practitioner 
should not raise false hopes. However, encouraging an 
optimistic view seems advisable. In the management of 
pain, there may be instances when a treatment option 
can be described as a powerful treatment unequivocally. 
In instances when this is not the case, e.g. in chronic pain 
conditions, the health-care practitioner may point out 
that even if one treatment option fails there still will be 
several other effective options available.

TREATMENT IMPLEMENTATION

Nocebo effects occur also during treatment implementa-
tion. Health-care practitioners often accompany their pro-
cedures with descriptions of the next treatment steps; they 
try to prepare the patient for oncoming pain by informing 
him about the forthcoming experience or try to create a 
more relaxed atmosphere through the use of a humorous 
description of the event. Even though this approach is often 
taken to ease the patient, these verbal or nonverbal interac-
tions may inadvertently create nocebo effects.

A nocebogenic effect that may arise through an attempt 
to inform the patient about a procedure that has been 
discussed in the literature, namely, the interruption of an 
ongoing treatment. This phenomenon has been studied 
using the open–hidden paradigm in conditions of pain, 
anxiety and Parkinson’s disease.61,62 In the domain of 
pain, postoperative patients were administered mor-
phine. Then, the administration of morphine was inter-
rupted. In one group, this interruption was announced 
by the doctor. In the other group the treatment was dis-
continued without the patients’ knowledge. Therefore, 
this latter group did not expect a treatment interruption 
or a worsening of their pain, while the former group was 
able to form negative expectancies about the discontinu-
ation of the medicine. The increase in pain after the dis-
continuation of morphine reported to the open (nocebo) 
group was significantly greater than that reported in 

the hidden group. Additionally, the open group also 
requested more additional analgesic medication. This 
raises the question as to whether patients should always 
be informed when a treatment is discontinued, or a med-
ication dose is reduced, because this may subsequently 
lead to anxiety, worry and nocebo effects. In the area of 
medically supervized drug withdrawal, especially with 
benzodiazepines, it is already current practice to reduce 
the amount of benzodiazepines surreptitiously while the 
patient does not know how much of the drug he is going 
to receive or when the next reduction in dose is to be 
expected. However, this practice requires the patient’s 
informed consent beforehand. A similar consent could 
also be sought from patients undergoing a long-term 
analgesic medication in order to avoid nocebo effects at 
the discontinuation or when there is a reduction in the 
dose of the medication.

In addition to information about the facts of a given 
treatment, the importance of the therapeutic interaction, 
both verbal and non-verbal, has been emphasized for the 
occurrence of placebo and nocebo phenomena.11,35,58,60,63 
However, only a few studies have investigated the 
nocebo component of this interaction more thoroughly. 
One of these studies examined whether the commu-
nication that accompanied a local anesthetic injection 
influenced the patients’ self-reported pain during the 
procedure.64 In the nocebo condition, the injection was 
announced as ‘You are going to feel a big bee sting; this is 
the worst part of the procedure.’ In the placebo (i.e. reas-
suring) condition, the same procedure was announced 
by ‘We will give you a local anesthetic that will numb 
the area and you will be comfortable during the proce-
dure.’ The nocebo suggestion resulted in reports of sig-
nificantly higher pain levels than the placebo condition. 
This is noteworthy because the nocebo phrasing that 
was used in this study may also be employed in a real-
istic clinical setting without any nocebogenic intention.65 
In an even more ecologically valid study, the interactions 
between health-care providers and patients during an 
interventional radiologic procedure were videotaped, 
and all statements that warned the patient of a painful 
experience were analyzed.66 In this study, all warnings 
of pain resulted in greater pain and higher anxiety levels 
than when no warning was given. Sympathizing with 
the patient after a painful experience did not have bene-
ficial effects either, but led to higher anxiety levels. Thus, 
the attempt to make the situation more controllable to 
the patient, and to empathize, seemed to yield adverse 
effects, even though a patient’s feelings of self-efficacy 
and an empathic therapeutic climate are thought to con-
tribute to placebo effects. The seemingly contradictory 
findings can be reconciled by a closer examination of the 
respective wording of the warnings and commiserations. 
The warnings in the study were all negatively loaded, 
i.e. they referred to negative experiences such as ‘bad,’ 
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‘sharp pain,’ ‘uncomfortable,’ or ‘hurting,’ even when 
they intended to announce that ‘this will hurt only a bit.’ 
In accordance with negative affective priming effects,67 
these statements informed the patient that pain was to 
be expected and thus contributed to nocebo effects. In 
a similar vein, the sympathizing remarks were nega-
tively loaded (‘That hurts! This is the hardest part’) and 
contributed to the patient’s anxiety. Thus, nocebogenic 
remarks seem to have been delivered with the best inten-
tions, even though a more internally valid investigation 
of this phenomenon seems warranted. It could there-
fore be advisable to focus in the communication on the 
desired outcome (e.g. numbness, comfortable) instead of 
on the outcome to be avoided (e.g. no pain, less hurt).

THE ROLE OF TREATMENT EXPERIENCE

Previous treatment experiences may influence later 
administered treatments in terms of nocebo effects 
through different mechanisms. One vivid example of 
how nocebo effects may be formed comes from an obser-
vational study of inadvertent pain conditioning in new-
born children of diabetic mothers who were exposed 
to multiple heel lances for the monitoring of blood glu-
cose.68 The painful heel lancing was always preceded by 
a painless skin cleansing. The experimental group, and 
a group of control children who had not been exposed 
to heel lances, then underwent a venipuncture which 
also involved a skin cleaning. Pain responses during the 
venipuncture were scored by blind raters. The experi-
mental group displayed more pain responses than the 
control group, thus showing hyperalgesia. Importantly, 
the experimental group also demonstrated anticipatory 
pain during the skin cleansing. This can be interpreted 
as a conditioned nocebo response: due to the learning 
experience that a (painless) skin cleansing precedes a 
painful experience, the skin cleansing suffices to elicit 
a pain response. According to Pavlovian conditioning, 
it acquires the properties of a conditioned stimulus that 
elicits the conditioned nocebo response. Thus, neutral 
cues that are associated with a painful or distressing 
experience may come to elicit the pain or distress even 
without the experience really taking place. Medical treat-
ment is always accompanied by external stimuli that 
may become conditioned nocebo stimuli. However, this 
finding is most relevant for treatments that are invasive 
or painful and that are administered repeatedly, because 
learning processes develop over time. If such situations 
occur in the clinical setting, the health-care practitio-
ner needs to be aware of the potential conditioning of 
hyperalgesic nocebo responses. In order to avoid the 
conditioning, the saliency of the conditioned stimulus 
needs to be reduced. Saliency refers to the properties of 
the originally neutral stimulus in the treatment context 

that make it more easily noticeable or distinct so that it 
can be associated with the unconditioned stimulus in 
the learning process. Additionally, the contingency of 
the conditioned stimulus (e.g. treatment room) and the 
unconditioned stimulus (i.e. pain) can be weakened. This 
could be achieved by varying the treatment surround-
ings in order to change salient cues or by providing alter-
native salient cues that change with each treatment trial.

Once a treatment has been administered the patient 
invariably forms an evaluation regarding its cost and 
benefit. In the case of chronic or recurrent diseases 
these evaluations are highly liable to shape the patient’s 
expectancies about the next treatment sequence. It has 
therefore been discussed whether negative previous 
treatment experiences may contribute to a nocebo effect 
for the subsequent treatments. This discussion refers to 
the role of learning in nocebo effects. An experimental 
study in healthy participants using an electrical stimu-
lation paradigm compared the effects of verbal nocebo 
suggestions and a nocebo conditioning procedure on 
pain.54 In this study, no difference in the magnitude of 
the nocebo effect was found, whether it was induced 
by a verbal suggestion alone or whether the verbal sug-
gestion was preceded by a nocebo conditioning, thus 
arguing against an effect of previous experiences on 
the magnitude of subsequent nocebo effects. However, 
another study using the same paradigm demonstrated 
that multiple repetitions of the conditioning procedure 
contributed to the stability of the nocebo effect.69 Thus, 
conversely to placebo effects, the number of learning tri-
als does not seem to increase the magnitude of the effect 
but to contribute to its stability. These results must be 
interpreted with caution because they refer to healthy 
participants. Yet this could mean that, in a clinical con-
text, the experience of an ineffective treatment could 
lead to a nocebo response that will soon extinguish if 
only experienced once; however, it will be more stable 
and relevant for subsequent treatments if more nega-
tive experiences have occurred previously. Because pain 
is often recurring and chronic in nature, and requires 
repeated treatment, this illustrates the need to take into 
account the previous experiences a patient has with 
the treatment.70 Recommendations as how to manage 
these negative treatment expectancies derived from pre-
vious experience are sparse due to a lack of empirical 
research. Possibly, a change in the mode of application 
of the drug, if feasible, may help to weaken the associa-
tion. If alternative therapeutic options that are adequate 
for the treatment are available, these may prove more 
effective because they would not be hampered in their 
effectiveness by nocebo expectations. Explaining the 
reasons why a treatment may not have helped the last 
time, and why it could be effective now, or an explana-
tion in which way the current treatment differs from the 
ineffective one, should surely be considered.
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CONCLUSIONS

The empirical results convincingly demonstrate that 
nocebo effects occur not only in the laboratory but also 
in the clinical setting. Nocebogenic expectancies may 
even be formed before the actual treatment begins and 
can be engendered later by the various components of 
the therapeutic process. Even the outcome of a treatment 
itself may influence nocebo effects in subsequent treat-
ments. Figure 25.1 shows suggestions for minimizing the 
nocebo effects that can be drawn from a review of the 
existing literature.

The therapeutic relationship lies at the heart of the 
prevention of nocebo effects. Because a climate of anxi-
ety and worry, and an expectation of negative treat-
ment outcomes, seem to be relevant in the occurrence of 
nocebo effects, the health-care practitioner should take 
all steps necessary to prevent or diminish these condi-
tions. Practical recommendations to advance interper-
sonal healing, and to promote placebo effects as one 
form of interpersonal healing,71 may also be helpful in 

minimizing nocebo effects: speak positively about treat-
ments, provide encouragement, develop trust, provide 
reassurance, support relationships, respect uniqueness, 
explore values, and create ceremony.72 The implementa-
tion of these principles is seen in the suggestions for the 
discrete treatment stages.

Specifically, in the context of pain, it seems impor-
tant to explore a patient’s fear-avoidance beliefs when 
the patient starts treatment. Additionally, the explora-
tion must take into account previous experiences with 
ineffective analgesic treatments and side effects. In the 
diagnostic process, the nocebogenic effect of an over-
investigation, and the possible fear-avoidance beliefs 
of the health-care professional, must be considered. 
When initiating a pharmacologic analgesic treatment, 
a clear distinction should be communicated between 
common side effects that will subside after the lead-
in phase and drug-specific side effects that are likely 
to persist during the treatment. Persistent side effects 
should be addressed in the coping-focused manner 
outlined. During treatment, the verbal interaction 

FIGURE 25.1 Suggested strategies for the minimization of nocebo effects at the different stages of treatment.
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should be centered on the positive treatment outcome, 
avoiding negative affective priming of pain sensations. 
Measures should be taken to prevent an inadvertent 
pain conditioning.

These guidelines are based on the empirical evidence 
up to date. However, our knowledge about the preven-
tion of nocebo effects is still far from complete. Future 
research will certainly help us to minimize nocebo effects 
and personalize the treatment so that we can provide 
optimal treatments for our patients. Yet even today, the 
increasing awareness of nocebo effects and the accumu-
lating body of research have the potential to contribute 
to a better treatment outcome.
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INTRODUCTION

Corticosteroid injection is a commonly used treat-
ment for chronic back pain. In 1991 Carette et al1 pub-
lished a study that was recently included in a Cochrane 
review2 where they examined the efficacy of methyl-
prednisolone. The authors showed a significant reduc-
tion in chronic back pain as assessed with a numeric 
rating scale at both post-treatment and the 6-month 
follow-up; however, the reduction in the placebo group 
was comparable. These data suggest that a placebo can 
have clinically significant effects; these effects need to 
be compared with the effects in an untreated group of 
patients with back pain (natural history group) to show 
their superiority over spontaneous remission. Neverthe-
less, the fact that patients can reduce their pain via pla-
cebo effects is rarely explicitly used in the treatment of 
acute and chronic pain. The purpose of this chapter is to 
discuss whether research on placebo effects can be trans-
ferred to treatments with clinical patients, and whether 
the efficacy of pain treatment can be boosted by placebo 
effects. This perspective is based on specific knowledge 
about the underlying mechanisms of placebo effects.

PLACEBO RESPONSES IN PATIENTS

Most studies on placebo effects have been con-
ducted on healthy participants. The studies that were 
conducted in patients are usually clinical trials where 

placebo effects are viewed as a control, and often as a 
nuisance, rather than an object of study, because they 
are confounded with the effects of the active treatment. 
However, if one examines the effects of placebos in 
clinical trials, and compares them to treatment as usual, 
an added effect can be determined. Examples are found 
in the German acupuncture trials (GERAC)3,4 where 
verum acupuncture, following the principles of tradi-
tional Chinese medicine, was compared to (i) placebo 
acupuncture, which consisted of sham acupuncture 
with superficial needling at non-acupuncture points, 
and (ii) conventional treatment, consisting of a combi-
nation of drugs, physical therapy, and exercise based 
on guidelines for the treatment of back pain by the 
Committee on Drug Treatment of the German Medi-
cal Association.5 A positive outcome was defined as at 
least 33% improvement, or better, on three pain-related 
items on the Von Korff Chronic Pain Grade Scale Ques-
tionnaire6,7 or 12% improvement or better on the back-
specific Hannover Functional Ability Questionnaire.8 
Patients who were unblinded, or who had recourse 
to other than permitted concomitant therapies during 
follow-up, were classified as nonresponders regard-
less of improvement in symptoms. In this study, verum 
and placebo acupuncture yielded positive results—but 
both were significantly better than the best available 
conventional treatment for back pain treatment; this 
indicated a therapeutic effect of placebo that was still 
effective 6 months after the completion of the treat-
ment. In fact, the placebo acupuncture treatment was 
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about 30% better than the conventional treatment 
for back pain. Patients in the conventional therapy 
group who received a treatment program according to  
German guidelines improved about 30% less than those 
who had placebo sham acupuncture. This difference 
was significant, suggesting a powerful placebo effect 
that was still present in the long-term follow-up, in this 
case 6 months.

Even more prolonged placebo effects were present in a 
study by Flor et al.9,10 Here, electromyographic feedback 
of the back muscles was compared to placebo and stan-
dard medical treatment in a group of chronic back pain 
patients. The placebo treatment consisted of feedback 
of another patient’s data to the patient and was called 
‘myotronics’ to make it equally appealing as biofeed-
back. Both were termed new and promising treatments 
for chronic back pain. Whereas there was no significant 
long-term effect of standard medical treatment in these 
patients, both placebo and biofeedback were still effec-
tive 2 years post-treatment with placebo, leading to a 
30% reduction in chronic low back pain compared to 
biofeedback, which attained a 60% reduction. This is, to 
our knowledge, the longest study of a clinical placebo 
effect; it suggests that these effects may have extended 
time courses that go well beyond the personal interac-
tion they entail.

Another very interesting study was conducted by 
Kaptchuk, Kelley et al.11,12 These authors investigated 
patient and practitioner influences on the placebo effect 
in irritable bowel syndrome. Two types of placebo acu-
puncture treatment were employed; one was placebo 
acupuncture augmented with personal interactions, 
the other was a placebo acupuncture limited to neutral, 
 business-like interactions. Both were compared to a wait-
ing-list group. Both treatments with placebo acupunc-
ture led to symptom improvements that were beyond 
the normal course, which was tested by a waiting-list 
group. The authors found that a positive therapeutic 
relationship (which was realized in the augmented treat-
ment group) can further increase the effects of placebo 
acupuncture in comparison to a treatment in which the 
practitioners minimized interaction with the patient 
(limited treatment group).

In a still unpublished study, we examined the effects 
of placebo in a group of 48 chronic back pain patients 
with longstanding chronic pain where we induced the 
placebo effect either via instruction or via instruction 
and additional conditioning. Conditioning was realized 
by manipulating the experience of the patients related 
to an experimental pain stimulus. As noted in Chapter 
16, expectation refers to the induction of a positive drug 
effect by maximizing the patient’s expectations by verbal 
instruction, whereas conditioning is provided by having 
the patient experience a real pain reduction. This may or 
may not change the patient’s overt expectation. In daily 

clinical routine, both mechanisms are usually closely 
connected. The latter is based on the rules of classic con-
ditioning, where a formerly neutral or conditioned stim-
ulus (CS), such as a placebo pill, acquires the properties 
of a biologically significant or unconditioned stimulus 
(US), such as pain reduction, by pairing it with the US. 
This one-trial learning or several pairings of the CS and 
US lead to a conditioned response (CR, in this case pain 
reduction), which is usually similar to the unconditioned 
response (UR, here pain reduction, although in certain 
circumstances the CR can be opposite in direction to the 
UR). The main difference between the two conditions is 
thus verbal instructions about a placebo effect compared 
to the veridical experience of pain reduction in relation 
to the placebo. Specifically, in this study, one group of 
patients was told that they would receive a tincture that 
would be highly effective in reducing pain and physical 
impairment and would improve movement ability. The 
other group was instructed that it would receive a neu-
tral, totally inactive tincture, a placebo. In reality, both 
groups received an identical neutral liquid without any 
active substance. The tincture was water, lightly colored 
red, with a bitter taste of quinine. The patients received 
a cotton wool swab filled with this tincture, which they 
were asked to put into their mouth. Both groups (one 
group with the instruction ‘tincture is highly effective 
in pain reducing’ and one group with the instruction 
‘tincture is neutral, a totally inactive tincture’) were 
divided again, resulting in four sub-groups in total. One 
group from each category was additionally conditioned 
(resulting in two groups with conditioning) (see Fig. 26.1).  
The basis for the conditioning process was the appli-
cation of a painful electrical stimulus, the strength of 
which was individually determined. Then, in the con-
ditioning phase, the painful stimulation was reduced 
by 50% when the tincture was given. The patients were 
unaware of this procedure, so they could assume that 
the tincture was the reason for the reduction in pain. The 
patients had to rate their pain and execute standardized 
daily activities (according to items in the ‘Daily Activity 
Questionaire’ [8,13, see Table 26.1]) such as bending for-
ward to pick up a small object from the floor, rising from 
a prone position, putting on socks, bending sideways 
from a sitting position to pick up a small object on the 
floor, just beside the chair, before and after the intake of 
the fluid. Pain behavior was defined as the time it took 
to perform those exercises.

We found a significant effect on both dependent vari-
ables: the pain ratings during the exercises were reduced 
after the intake of the tincture and it took the patients less 
time to perform the exercises. The mere instruction that 
an active substance, rather than a placebo was given, sig-
nificantly reduced that amount of pain behavior in this 
group. In addition, the rating of the pain elicited by the 
exercises was also significantly reduced. When the effects 
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of conditioning were examined, we found that the con-
ditioning not only significantly boosted the expectancy 
effect in the condition where the patients believed that 
they had taken an opioid, but it also yielded a significant 
effect in the condition where the patients had been told 
that a placebo would be given.

These data suggest that both pain ratings and pain 
behaviors of chronic back pain patients are signifi-
cantly reduced by expectation, and that this effect is 
enhanced by conditioning. This has important impli-
cations if one considers the patients’ history with pain 
treatments. Conditioning was achieved by reducing 
pain perception of an experimental pain stimulus. Suc-
cessful treatment trials in the patients’ history should 
similarly boost  treatment effects and unsuccessful 
treatment attempts might increase nocebo effects, i.e. 
they may induce negative expectations about the effi-
cacy of a certain treatment (14, see Ch 11). Likewise, 
expectation about outcomes should influence treatment 
effects. How prior experience and expectancy interact 
is completely unknown, but there could be multiplica-
tive effects.

COMPARISON OF PLACEBO EFFECTS IN 
HEALTHY CONTROLS AND PATIENTS

There are only very few studies that compared the 
placebo responses of healthy people and patients, and it 
is not clear whether the placebo response in patients and 
in healthy people are the same. A clinical application of 
placebo effects requires specific knowledge about effects 
of placebos in different individuals. In comparison to 
healthy people, pain patients may have completely 
 different learning histories pertaining to the experience 
with treatments, especially with medication. Thus, it is 
likely that this could change the action of placebo effects. 
For example, patients are more likely to have taken 
analgesic medication, thus the extent of experienced 
pre-conditioning in the sense of having learnt to associ-
ate medication with positive or negative effects, or no 
effects, is much higher and should lead to a more dis-
tinctive placebo response. Moreover, based on the long  
history of their disorder, their need for pain relief should 
be much higher. Against this background, it can be 
expected that the result of placebo effects is of higher 

FIGURE 26.1 Diagram of the two manipulation conditions in the experiment ‘Placebo intervention in patients with chronic back pain’.  
1. Expectancy with conditioning: under the placebo intervention with the sham tincture; unbeknown to the patients, the individually determined 
electrical pain stimulus was reduced to a level of 50%. 2. Expectancy only: the patients experienced the same experimental pain level as in the 
individually determined condition.

TABLE 26.1 Exercises of Daily Activities

 1.  Bending forward to pick up a small object from the floor
 2.  Rising from a prone position
 3.  Putting on socks
 4.  Bending sideways from a sitting position to pick up a small object on the floor beside the chair

The patients were asked to perform these exercises before and after the intake of a sham-opioid tincture. The exercises were choosen from items 
in the ‘Daily Activity Questionnaire.’8,13 They were evaluated by the observation category system ‘Tübingen Pain Behavior Scale’ [TBS39,40].
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importance for them than for healthy people. Whereas 
a positive result of a supposed painkiller can have 
a greater effect in patients, a failure of the drug could 
increase the risk of disappointment and lead to a later 
lack of effect of analgesics and even nocebo effects.

Klinger et al15 compared the analgesic placebo effect 
in 48 patients with atopic dermatitis, a painful disorder 
of the skin, with that of 48 matched healthy controls. For 
these patients, ointments that reduce the irritation of the 
skin are of special relevance. Most of the patients had 
a long history of using diffent typs of ointment, always 
combined with a high expectation of healing. The aim of 
this study was to analyze the mechanisms of the placebo 
effect of ointments in patients with atopic dermatitis and 
a group with healthy skin. The patients with atopic der-
matitis were expected to show a stronger placebo effect 
than the control group because of their previous expe-
rience as a natural form of preconditioning with oint-
ments and the higher importance they would assign to 
the effectiveness of ointments. It was thus hypothesized 
that patients, compared to healthy controls, would have 
higher expectations of medication specifically designed 
for the treatment of their disorder. The central questions 
were: (1) is the placebo effect attained through a process 
of classic conditioning or through expectancy, and can a 
combination of both increase the effect? (2) can the effect 
be maintained over time, and how? (3) do patients with 
atopic dermatitis develop a stronger placebo effect than 
healthy controls when an ointment declared as pain-
reducing (placebo) is applied?

In the experimental design we used a completely neu-
tral ointment and coupled this ointment with two differ-
ent instructions and conditioning. The participants were 
told that they were part of a clinical study to test the 
effectiveness of a new analgesic ointment. The ointment 
was being tested against a cream with no active sub-
stance. The participants would be randomly assigned 
to the group treated with the ointment or to the control 
group with the medically ineffective cream. All partici-
pants were informed prior to the experiment that pain 
stimuli would be applied before the application and that 
half of them would be given an effective pain-relieving 
ointment and half would receive an ineffective medica-
tion. The following instructions and pain experiences 
were systematically varied:
  

 1.  ‘Instruction.’ Half of the patients and half of the 
controls were given the information that they 
belonged to the group that had received the ointment 
with the analgesic effect (‘the ointment reduces 
pain’). The other half were told they had received the 
‘ointment with no effect’ (‘ointment is neutral’).

 2.  ‘Classic conditioning.’ All four groups were divided 
again, resulting in eight subgroups with 12 people in 
each. Four groups participated in the conditioning 

procedure and four groups did not. The conditioning 
was performed by reducing the intensity of the 
painful stimulus by 50% during phase 2 of the 
experiment, i.e. the participants were thus led to 
believe that the ointment had a pain-reducing effect.

  

In summary, there was a comparison of patients and 
controls and expectation and expectation plus condition-
ing. Both groups showed an expectancy-related placebo 
response. Interestingly, we found a significant differ-
ence between the patients and the healthy controls with 
respect to conditioning (see Fig. 26.2). Over time, only 
the healthy controls maintained their placebo response 
to expectation, whereas the patients only maintained the 
effect when they received additional conditioning. With-
out conditioning, i.e. the veridical experience of pain 
relief, the placebo effect was dramatically reduced in the 
patients.

It could be that patients are more tuned to their bodily 
sensations and expect more from medications and oint-
ments. Thus, the lack of expected pain relief through the 
application of the ointment may have led to a sense of 
disappointment, which may have cancelled out their 
 placebo effect. Thus, prior experience may interact with 
current experience and alter the response to placebo. This 
suggests that effects of medication have to be explained 
in a realistic manner because patients may otherwise be 
disappointed about small effects. In addition, in clinical 
practice, both expectations and prior experience of the 
patients should be assessed because experience seems to 
be so important, especially with long-term effects. In the 
explanation of the treatment, this information needs to 
be considered and perhaps also a trial experience with 
the treatment needs to be applied accordingly. This topic 
definitely needs more investigation.

USE OF PLACEBO EFFECTS IN  
CLINICAL PRACTICE

This leads to the very important clinical application 
of placebo effects.cf.16 Several meta-analyses have con-
cluded that placebo effects in clinical trials are much 
smaller than the placebo effects found in laboratory 
studies.17,18 This is likely related to the different type of 
pain (acute versus chronic) and the different types of 
placebo instruction used in these studies, in addition to 
procedural differences.

Clinical Implications Based on the  
‘Open–Hidden Paradigm’

In this respect the ‘open–hidden paradigm’19–21 (see 
also Ch 3) yielded important information. This work 
showed that open application is significantly more 
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effective in reducing pain than an application of an 
active pain-relieving substance about which the patient 
is unaware. The utilization of placebo effects in clinical 
settings should not be confused with substituting anal-
gesic medication by placebo. Every effective analgesic 
has a pharmacologically active component and a psycho-
logic (placebo) component. Thus, we suggest increasing 
the effectiveness of the analgesic substance by adding an 
inherent placebo component.

Based on this, the German guidelines for the treat-
ment of acute perioperative and post-traumatic pain 
adopted a section on the therapeutic use of placebo 
effects (22, see Table 26.2). Based on the current under-
standing of the analgesic placebo effect, the recom-
mendation to exploit the additive placebo effect of 
an active, pharmacologically relevant analgesic drug 
can now be incorporated in everyday clinical prac-
tice.23,24 It demonstrates an innovative approach to 
pain management.

This guideline opens possibilities for the practical 
clinical application of placebo effects in pain manage-
ment. Taking into account the described mechanisms 
of the placebo effect (see Ch 16), a range of possibili-
ties emerges for the deliberate induction of additive 
‘placebo effects’ and for their application in the clini-
cal field in an ethically acceptable way. This applies to 

any analgesic, but also to other medical and psycho-
logic treatments used in pain management. The high 
effect size of this additive placebo component can thus 
be utilized in many settings ranging from the treat-
ment of acute and postoperative pain to the treatment 
of chronic pain conditions. One of the future tasks of 
the public health system must be to educate profes-
sionals in the health-care service about the properties 
and underlying mechanisms of placebos so that they 
can optimize the placebo component of their active 
treatments. The knowledge of placebo effects and 
their application should also be emphasized more in 
the education of health-care professionals. Knowing 
the principles and mechanisms behind the effect per-
mits a wide range of applications without violating 
ethical principles.25–27 Again, it is worth mentioning 
that the use of placebos unknown to the patients is 
critical from an ethical point of view (see also Ch 27 in  
this book).

From this point of view the question is not if but 
rather how we can deliberately boost the efficacy of pain 
treatments by applying placebo effects. Known placebo 
mechanisms, such as expectancy or conditioning, or 
modeling of placebo effects by others, can be employed 
and it is to be expected that these interact in clinical 
practice.

FIGURE 26.2 Results of the expectancy and conditioning manipulations in the patients and controls. Exploratory effect sizes d for the differ-
ences between the patients with atopic dermatitis (AD; N = 48) and the healthy controls (HC; N = 48): Factors ‘Phase * Conditioning.’
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Shaping Placebo Effects: Boosting Positive 
Expectancy via Instruction

Expectancy is shaped by instructions and therefore in 
clinical practice it is very important to be aware what the 
patient is told and how the message is told. By contrast, 
conditioning and modeling rely on association; there-
fore, in clinical practice, pain-reducing medication can 
be  associated with positive results and situations in the 
patient him- or herself or in other patients around him 
or her.  Figure 26.3 summarizes how expectancy can be 
maximized in clinical practice. Maximizing expectancy 
involves a clear explanation of the analgesic medica-
tion that is prescribed, information on potential positive 
effects with a focus on being realistic about the expected 
changes, and a clear description of, but not an overem-
phasis on, side effects. This is a major problem in patient 
information sheets, which often focus exclusively on 
negative information and fail to discuss positive effects in 
an equally clear manner. Usually, indications of the drug 

are listed but they should be augmented by a description 
of positive effects that have been demonstrated, such as 
reduction in pain, improved mobility, or better mood. It 
is also important to explain the mechanisms of the action 
of the drug, the time frame in which the drug works, and 
what the course of the drug action is—and also to avoid 
unrealistic promises. This positive communication about 
drug effects not only involves verbal communication but 
it also entails nonverbal aspects such as a friendly man-
ner and a positive attitude towards the patient as well as 
the conveyance of personal competence. Since the cost of 
a treatment seems to raise the outcome expectancy, and 
thus also efficacy related to it,28 information about this 
aspect and the value of the medication in general might 
also be useful. Finally, it is important that the therapists 
themselves believe in the efficacy of a certain treatment. 
It was previously shown that therapists who were told 
that a drug would be less effective also achieved lower 
placebo effects29 compared to those who believed that the 
drug is very effective.

FIGURE 26.3 Applications of placebo effects with emphasis on shaping expectancies.

TABLE 26.2 Recommendation in the Guideline ‘Treatment of Acute Perioperative and Post-Traumatic Pain’ 22

	•	 	The	placebo	effect	as	an	additional	part	of	analgesic	medication	(open	medication)	in	pain	management	should	be	used	as	much	as	possible	
by providing positive and realistic information.

	•	 	The	nocebo	effect	should	be	reduced	as	far	as	possible	by	avoiding	negative	or	anxiety-inducing	information.

GRADE OF RECOMMENDATION A

	•	 	If	active	pain	management	is	possible	and	provided,	the	administration	of	placebo	drugs,	about	which	the	patient	has	not	been	informed	and	
instructed, is not ethically acceptable. They should not be used for postoperative pain management outside of research studies.
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Shaping Placebo Effects: Boosting Positive 
Treatment Effects by Conditioning

The emphasis on conditioning mechanisms would 
mean turning the focus on associations related to anal-
gesic medication (see Fig. 26.4). Specifically, this would 
entail advising patients to concentrate on sensory 
aspects of the medication such as sight, smell, taste, and 
texture. It would also be useful to take the medication in 
a positive situation. This precludes the patient waiting 
until the pain is maximal because this is not only an asso-
ciation of the intake of the medication with an unpleas-
ant situation, which may reduce its efficacy, but may 
also negatively reinforce medication intake. As already 
noted by Fordyce30 the reduction of pain induced by 
medication intake in a state of high pain sets a nega-
tive reinforcement learning process into action whereby 
medication intake is increased because it reduces a nega-
tive event (pain). Thus, both from a classic conditioning 
and an instrumental learning point of view, analgesics 
should not be taken when peak pain is present but rather 
independently of the pain in a time-contingent fashion. 
This also maximizes the pharmacologic effect of the 
drug, which works best with a steady level of the active 
substance present when chronic pain is the problem. It is 
also useful if patients associate the intake of analgesics 
with other pain-coping strategies, such as relaxation or 
increased activity. In the case of negative experiences, 
positive memories should be recalled to minimize the 

effects of pain peaks or other negative events. This expe-
rience can also be made via social learning by observ-
ing a positive effect of an analgesic in another patient 
either in the medical setting or via the use of instruc-
tional video presentations or testimonials.31 These can 
also be used on the internet. It should be noted that 
positive experiences and associations of treatments with 
cues and contexts can exert effects by boosting posi-
tive expectations; however, these effects can also form 
implicit memories that influence the treatment outside 
of the patient’s awareness. A major problem is the use of 
mainly hidden medications specifically in inpatient care 
or in nursing homes. Most patients in these settings are 
unable to tell which medication they are taking and what 
the purpose of the specific medication is. Even infusions 
are mainly ‘hidden’ on inpatient wards, i.e. usually the 
patients neither know what is in the infusion nor can 
they see the infusion bags. This most likely dramatically 
reduces the efficacy of the medications they receive and 
could easily be changed by making the administration of 
drugs more open. This involves not only the use of labels 
but also of colors, descriptions of the effects of the drugs 
that are given, and positive social interaction around the 
drug. This would also be very important in the context of 
nursing homes and specifically for patients with demen-
tia or Alzheimer’s disease. It was found that persons 
with Alzheimer’s disease show a loss of the efficacy of 
placebo responses correlated with reduced connectivity  

FIGURE 26.4 Applications of placebo effects with emphasis on context associations.
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of the frontal lobes with the rest of the brain. This altered 
connectivity is related to short attention span, poor work-
ing and short-term memory and therefore a reduced 
capacity to acquire and maintain explicit expectations 
in the form of declarative memory. By contrast, non- 
declarative memory is intact in these patients, and 
therefore many aspects of conditioning related to pla-
cebo effects will be active in these patients and may 
be more effective than verbal instructions. In addition, 
this reduced placebo response also reduced the efficacy 
of analgesic medication, suggesting that alternative  
mechanisms of boosting placebo effects need to be con-
sidered.32 For example, the medication requires clear 
and repeated instructions on its use and on its effects.

Placebo Analgesia: Interdependence of 
Responses and Reward Processing

An interesting finding relates to the interdependence 
of responses to reward and placebo analgesia. Scott 
et al33 showed that there are person-related differences 
in activation in the dopaminergic mesolimbic reward 
pathway that predict not only the response to reward but 
also a large proportion of the variance (up to 28%) in the 
placebo response. Similarly, Schweinhardt et al34 found 
that dopamine-related traits predicted placebo analgesia 
together with gray matter density in reward-related brain 
regions. Thus, reward processing and placebo analgesia 
may share common pathways. Maximizing the chance to 
activate the reward system may thus also improve pla-
cebo analgesia. This could alo entail using pain diaries 
that focus on being pain-free rather than on the amount 
of pain that is experienced. This might turn the patient’s 
attention to indicators of the pleasant state of having less 
pain rather than the unpleasant state of being in pain. 
This is especially interesting with respect to chronic pain 
because chronic pain may be associated with a shift of 
attention to indicators of pain and with alterations in 
the processing of reward. Thus, in chronic pain, aver-
sive processing may supersede appetitive responding 
and this could, in turn, negatively bias the response to 
reward and thus placebos. Unfortunately, these interac-
tions have so far not yet been systematically evaluated.

PLACEBO ANALGESIA:  
INTERACTIONS WITH ATTITUDES 

TOWARDS MEDICATION AND  
PRIOR EXPERIENCE

The better the psychobiologic mechanisms behind 
placebo analgesia are understood, the more we will be 
able to deduce findings about its clinical application. The 
research conducted in recent years has focused mainly 
on demonstrating the neurobiologic correlates of the 

placebo effect and the active mechanisms of ‘expectancy,’ 
‘classic conditioning,’ and ‘social learning.’ At the same 
time, little attention has been paid to possible specific 
interactions with existing attitudes towards medication in 
general (e.g. positive/negative attitudes) or prior experi-
ence ( positive/negative) in clinical populations. In most  
research, the placebo manipulation itself (inducing 
 specific expectations) is an independent variable, but not 
the already existing pattern of attitudes and the learning 
history. The few studies on healthy humans or patients35,36 
suggest that prior experience with pain and expectations 
about pain greatly alter pain processing and may also have 
an effect on the response to placebo analgesia.35–37

In an ongoing study we are examining how  previous 
experience and expectations of pain relief affect phar-
macologic and psychologic placebos in chronic pain 
patients. Previous experience with medication is being 
assessed, as are expectations about the efficacy of anal-
gsics. Then the patients receive a placebo intervention 
where they expect an active analgesic. First results 
 suggest that both experience and expectation modulate 
the placebo effect, which has long-lasting consequences 
as determined by a 1-week follow-up where both pain 
ratings and pain behaviors were affected.

SUMMARY

In this chapter we pointed out that little is known 
about the ability to transfer findings from research on 
placebo effects in healthy humans to patients. Initial 
evidence suggests that the experience of pain controls 
via conditioning may be especially powerful in pain 
patients. Clinical work with patients should use mecha-
nisms such as expectancy, classic conditioning and social 
observational learning in boosting placebo effects in 
clinical practice and thus increase the efficacy of pain 
treatment. Placebos are not a substitute for pain medica-
tion. However, the efficacy of the pain treatment can be 
deliberately boosted by applying placebo mechanisms.38 
Placebo effectivness enhances the pharmacologic part 
of analgetic medication. From an ethical point of view, 
this potential should not be withheld from the patients 
in need of analgetics. Even though evidence for this 
position already exists, further translational research is 
needed to underpin the clinical implications of placebo 
analgesia and must focus on variables related to the 
therapist, the patient and the treatment that influence 
the efficacy of placebos.
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INTRODUCTION

Placebo research has undergone a boom in the past 
few years, particularly in the field of pain.1 Driving that 
interest is how placebo effects shape neural circuits in 
the brain, perception of pain, and pain management. 
Indeed, there is increasing scientific attention to inner 
self-healing systems and how expectations and emotions 
influence pain perception and pain-related symptoms in 
patients. Research aimed at elucidating placebo effects 
started after World War II, with pioneering experiments 
by Stewart Wolf2,3 and Henry Beecher4–8 who first had 
the intuition that placebo effects influence pain and 
other symptoms and the response to active treatments 
such as painkillers.

In recent years, the mechanisms by which placebo 
effects take place from both psychologic and neurobio-
logic points of view have been investigated. The use of 
brain-imaging techniques has greatly accelerated such 
mechanistic research. Research on placebo effects has 
explored the involvement of opioids and nonopioids 
in placebo analgesia. Verbal, conditioned, and obser-
vational cues can create strong expectations which 
influence the brain placebo response and can lead to 
the release of endogenous opioids, cannabinoids, and 
dopamine—the same chemicals released in the brain in 
response to pain-relieving medications.9

One classic example of placebo analgesia is when a 
patient experiences pain relief from expecting an active 
drug. Furthermore, patients can form conditioned anal-
gesic responses to characteristics like a pill’s color and 
can experience pain relief when a placebo pill of the same 

color is given. Additionally, placebo analgesic responses 
can be elicited by observing pain relief in others.10 The 
ability to form placebo analgesic effects through  different 
kinds of learning represents an interesting perspective to 
understand placebo-induced healing processes, includ-
ing release of pain-relieving endogenous pain inhibitors 
in the brain.11

However, whereas we know that pain can be altered 
by placebo mechanisms, the crucial question is whether 
placebo-induced modulation of pain may influence the 
time course and outcomes of pathophysiologic processes 
such as neuropathic and chronic pain. Investigation of 
such mechanisms of placebo has unraveled several 
important questions requiring more rigorous scien-
tific investigation. For instance, why do some patients 
respond to expectations and placebos and some not at 
all? How can we predict and understand the duration 
of placebo effects over time? Under what circumstances 
can use of placebo treatments be endorsed as potentially 
effective interventions in clinical practice?

Although these and many other questions remain 
open for future laboratory investigation, interest in 
the impact of placebos appears to be increasing in the 
medical community. As is common in the realm of novel 
medical research, ethical dilemmas are unearthed and 
examined. Of paramount interest is the question of 
whether or not it is reasonable to recommend and pre-
scribe placebo interventions in clinical practice and har-
ness placebo effects for improving pain management. 
The ramifications and outcomes of these questions are 
likely to have a profound impact on patient care and the 
health-care field in general.
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TOWARDS PLACEBOS IN CLINICAL 
PRACTICE

Promoting placebo responses within routine clinical 
care, using standard interventions, is generally consid-
ered desirable and without ethical controversy. Yet rigor-
ous knowledge is not well developed regarding optimal 
strategies to promote placebo responses in communi-
cating with patients and in prescribing and administer-
ing medically indicated treatments. It is controversial, 
however, whether and how physicians can recommend 
and administer treatments that lack any specific efficacy 
deriving from their inherent or characteristic properties 
but are likely to have placebo efficacy, based on evidence 
that placebos produce outcomes for patients that are 
superior to no treatment or usual medical care.

We have argued that there may be a legitimate place 
within contemporary medicine for using strategies and 
interventions to promote placebo analgesic effects, pro-
vided that there is consistent evidence from laboratory 
research and randomized, controlled trials (RCTs) that 
placebo treatments produce significantly improved out-
comes.12,13 Much research supports the concept that a 
placebo effect is powerful enough to influence pain per-
ception and clinical symptoms. Whereas it is clear that 
placebo mechanisms influence pain pathways from the 
frontal area of the brain to the spinal cord,1,14 most of the 
experimental placebo analgesia studies have involved 
healthy volunteers with outcomes monitored for a short 
time. Therefore, the clinical significance and generaliz-
ability of this research is unclear. Treatments that are 
likely to be effective solely or primarily by means of the 
placebo response should be evaluated rigorously in ran-
domized trials comparing them with no-treatment or 
usual-care groups.

Accordingly, it is worth exploring the magnitude of 
placebo effects in research settings through systematic 
reviews of clinical trials. Indeed, some reviews have shed 
light on placebo effects in clinical trials by looking at 
patients who were randomly assigned to either placebo 
or no treatment.15–17 By comparing outcomes in patients 
randomized to placebo under blind conditions with 
those randomized to no treatment, Hróbjartsson and 
Gøtzsche considered the effect of three types of placebo: 
1. pharmacologic (e.g. a pill), 2. physical (e.g. a manipu-
lation), and 3. psychologic (e.g. conversation), along with 
different types of outcome: binary (e.g. the proportion of 
alcohol abusers and non-alcohol abusers) versus contin-
uous (e.g. the amount of alcohol consumed). The result-
ing placebo effect on subjective, continuous outcomes, 
most notably in pain relief, was statistically significant 
(SMD −0.28 (95% CI −0.36 to −0.19). Variations in the 
magnitude of placebo effects were partially explained by 
trial designs and whether patients were informed about 
the inclusion of inert substances. Larger placebo effects 

were present when patients were not informed that they 
would receive a placebo intervention. Meta-regression 
analyses showed a positive association between the 
magnitude of placebo effects and physical placebo inter-
ventions (e.g. sham acupuncture) and outcomes (larger 
effects in patient-reported outcomes than in observer-
reporter outcomes).17 The authors suggested that the 
observed significant effect of placebos on subjective out-
comes like pain may have been due to biased reports of 
subjects: those receiving placebos likely believed that 
they were receiving an active treatment intervention, 
while those in the no-treatment groups knew that they 
were not receiving a treatment intervention.

Brain-imaging technology has been instrumental in 
elucidating some of these potentially biased reports. 
Subjective, ‘biased’ reports seem to be related to brain 
and body changes when studied in controlled environ-
ments with brain-imaging techniques.18 Interestingly, 
Vase et al conducted a meta-analysis aimed at comparing 
the placebo analgesic effects observed in laboratory set-
tings versus clinical trials.19 These researchers included 
23 clinical trials from the meta-analysis by Hrobjartsson 
and Goetzche15 and 14 studies that investigated placebo 
analgesic mechanisms. The magnitudes of the placebo 
analgesic effects were dramatically higher in studies 
investigating placebo analgesic mechanisms compared 
with clinical trials in which placebos served as a control.

In a follow-up meta-analysis with many more labora-
tory studies (from 14 to 21 studies including control, pla-
cebo treatment, randomization and pain measures), the 
authors found that the magnitude of placebo analgesia 
in laboratory settings was fivefold larger than analgesia 
in placebo control studies.20 Such a difference might be 
due to the context features of clinical trials versus exper-
imental settings (see Ch 20 in this book). Participants’ 
expectations may vary based on receiving different 
information about treatments and differing perceptions 
of the interest of investigators. Trialists typically avoid 
giving verbal suggestions of analgesia in favor of neu-
tral instructions, whereas investigators looking at the 
placebo mechanisms tend to emphasize the analgesic 
properties of placebo treatments and procedures. Yet, it 
is important to stress that the laboratory effects of pla-
cebo analgesia were of short duration and they mostly 
involved healthy volunteers.

CLINICIANS’ ATTITUDES TOWARDS 
PLACEBOS

Recent surveys of clinicians report widespread use 
of placebo therapy, along with physician behaviors and 
motivations in prescribing placebo interventions.21–23 
For example, in Denmark, 503 physicians were asked 
about the use of placebo described as ‘an intervention 
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not considered to have any “specific effect” on the con-
dition treated, but with a possible “unspecific” effect.’ 
Eighty-six percent of general practitioners, 54% of 
 hospital-based clinicians and 41% of private specialists 
have prescribed placebos at least once in the last year 
with a trend to reach 10 times for half of general prac-
titioners. Commonly as placebo treatments, physicians 
prescribed antibiotics (70% of general practitioners, 33% 
of hospital-based physicians, and 18% of private special-
ists), physiotherapy (59% of the general practitioners, 
24% of hospital-based physicians, and 13% of private 
specialists), sedatives (45% of the general practitioners, 
24% of hospital-based physicians, and 10% of private 
specialists), and vitamins (48% of the general practi-
tioners, 10% of hospital-based physicians, and 9% of 
private specialists). ‘Inert’ placebo treatments (talc and 
sugar pills, saline solution, etc.) were rarely prescribed. 
The primary motivation for prescribing placebos was ‘to 
follow the wish of the patient and avoid conflict.’21,22

Similar results have been found in a study in the USA 
where a random sample of 1200 internists and rheuma-
tologists was surveyed for the use of placebos. Physi-
cians were asked to indicate which of several placebo 
treatments they had used in the past year, defined as ‘a 
treatment whose benefits derive from positive patient 
expectations and not from the physiologic mechanism 
of the treatment itself.’ Fifty-five percent of the physi-
cians reported having recommended at least one of a 
list of interventions as a placebo treatment during the 
past year: 41% recommended use of over-the-counter 
analgesics, 38% vitamins, 13% sedatives, and 13% anti-
biotics. Only 5% reported using pure placebos, such 
as sugar pills and saline injections. When asked about 
their frequency of recommending a therapy ‘primarily to 
enhance patient expectation,’ 46% reported doing so at 
least two or three times per month. Of those physicians 
who reported recommending one or more placebo treat-
ments in the past year, 68% described this recommenda-
tion to their patients as ‘a medicine not typically used for 
your condition but may benefit you.’21,22

A systematic review of empirical studies from 12 dif-
ferent countries indicated that the prevalence of placebo 
use in clinical practice varies between 17 and 80% among 
physicians and 51 and 100% among nurses. Motivation 
for the use of placebos among physicians and nurse also 
varies substantially.24

These surveys on the use of placebo treatments 
among physicians suggest that placebo treatments are 
prescribed in a less than transparent way and that phy-
sicians may not be clear themselves about what they 
are trying to accomplish. It appears that physicians 
with some frequency engage in behaviors conflicting 
with professional norms relating to medically indi-
cated treatment by rationalizing the use of placebos as 
a way to comply with the pressure of patient demand. 

The practice of using active treatments (e.g.  antibiotics, 
sedatives) with the purpose to evoke placebo effects 
becomes problematic because of potential side effects, 
making this type of clinical approach a poor candidate 
for placebogenic treatments. The intentional use of pla-
cebos in clinical practice must be ultimately grounded 
in scientific rationale, professional integrity, and respect 
for patients’ autonomy. Accordingly, health practitioners 
who intend to use placebos should determine the appro-
priateness of their decisions by addressing the following 
questions:
  

 1.  Is there evidence of benefit for using placebos as 
compared with no-treatment/usual care in this 
specific circumstance?

 2.  Are the risks associated with the procedure or 
intervention low?

 3.  Are the costs of intervention low or modest?
 4.  Can the intervention be presented without 

deception?
 5.  Is there any possibility to inform the patient about 

the placebo effect without instilling negative 
expectations and producing bad reactions?

 6.  Can such a placebo effect be evoked without 
placebos?

  

This set of questions may help health practitioners to 
evaluate the appropriateness of placebo on a case-by-
case basis, the associated risks, the overall benefits, the 
respect for the patient’s autonomy as well as the impact 
on the doctor–patient relationship.

PATIENTS’ ATTITUDES TOWARDS 
PLACEBOS

In considering the pros and cons of using placebos in 
clinical practice during decision-making processes, the 
opinion of patients must be taken into account. How-
ever, little systematic research has been conducted on 
patient attitudes to placebos in clinical practice. A sur-
vey of Swedish patients asking for an evaluation of some 
clinical scenarios and general statements about placebos, 
revealed that 78% of 83 patients believe that physicians 
should follow the wishes of the patient to receive treat-
ment ‘even if the treatment is tantamount to placebos 
in the opinion of the physician.’ Seventy six percent 
of them believe that a placebo would be acceptable in 
severe  circumstances, such as terminally ill patients, 
because ‘it preserves the patient’s hope without making 
her final time unbearable.’25

Fassler et al recruited 414 patients in the Canton of 
Zurich to explore their attitudes towards the use of 
 placebos in clinical practice. Seventy percent of patients 
wanted to be explicitly informed when receiving a 
 placebo, and 54% of patients would be disappointed 
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to learn that they had been treated with pure placebo 
(‘sugar pill’).26 Moreover, patients’ attitudes differ con-
siderably based on education and cultural factors.

The majority of these surveys have been conducted 
in countries other than the USA. Therefore, we probed 
patients’ attitudes towards placebos in clinical practice 
in the USA by using a combination of general ques-
tions and detailed scenarios, and including a large and 
demographically diverse sample. In general, the sur-
veys revealed that the acceptability of placebos among 
patients is high. Seventy six percent of respondents 
judged that it was acceptable for a doctor to recommend 
a placebo treatment if she thought that it would benefit 
and not harm the patient, and 50% of responders consid-
ered it acceptable if the doctor is uncertain of the benefit. 
Approximately 70% stated that it is acceptable for a doc-
tor to offer a safe placebo if it addresses a patient’s need 
to feel like she is being given something to get better. 
Only 21% of respondents judged that it is never accept-
able for doctors to recommend placebo  treatments.

Overall, these findings reveal that patients are prone 
to use placebos to address a patient’s need. Also, patients’ 
opinions seem to be at least to some extent in line with 
the American Medical Association Code of Medical Eth-
ics, Opinion 8.083, which recommends that ‘a placebo 
must not be given merely to mollify a difficult patient, because 
doing so serves the convenience of the physician more than it 
promotes the patient’s welfare.’27

PLACEBOS AND THE DECLARATION OF 
HELSINKI

In the context of clinical trials, the Declaration of 
 Helsinki states—in a note of clarification inserted in 
200228—that placebos are acceptable despite proven 
effective treatment under some conditions, and this was 
codified in the revised version of 200829:

The benefits, risks, burdens and effectiveness of a 
new intervention must be tested against those of the 
best current proven intervention, except in the following 
circumstances:
✓ The use of placebo, or no treatment, is acceptable in stud-

ies where no current proven intervention exists; or
✓ Where for compelling and scientifically sound method-

ological reasons the use of placebo is necessary to determine 
the efficacy or safety of an intervention and the patients who 
receive placebo or no treatment will not be subject to any risk 
of serious or irreversible harm.

Extreme care must be taken to avoid abuse of this 
option.

Placebo controls also pose ethical issues when they 
are used to evaluate procedures which are invasive, 
such as sham surgery trials. Nevertheless, some surgi-
cal techniques are sufficiently low risk to legitimatize the 

use of minimally invasive sham surgery as a rigorous 
way to evaluate subjective outcomes (e.g. pain relief). 
It is important to note that sham-controlled surgery tri-
als can provide important evidence about the efficacy of 
specific treatments. For example, a sham-controlled sur-
gery trial for osteoarthritis of the knee has reported com-
parable clinical benefits between sham (involving skin 
incision without manipulation of the knee) and active 
group (involving skin incision with manipulation of the 
knee).30 Similar findings have been found for vertebro-
plasty, a common surgical treatment for painful osteo-
porotic vertebral fractures. When the surgical treatment 
was compared with a sham procedure in which needles 
were introduced into the back without injecting cement, 
the clinical improvement in pain did not differ at 1 week 
or at 1, 3, or 6 months after treatment.31 Thus, at least 
in some circumstances, placebo-controlled surgical trials 
are both scientifically necessary and ethically appropri-
ate.32–34 It remains controversial as to whether surgical 
interventions with low-risk profiles and outcomes bet-
ter than no treatment can be legitimate in clinical routine 
practice and be covered by health-care systems.34

THE DILEMMA OF DECEPTION

Deception in Laboratory Encounters

Very often, placebo research involves elements of 
deception. Typically, deception entails deliberate, mis-
leading communication about the goal of the research, 
the nature of experimental procedures and the psycho-
logic manipulations (e.g. surreptitiously reducing pain 
intensity to provide the experience of analgesia).35

The general guidelines of the American Psychological 
Association (APA) for the use of deception in research 
are listed as follows with a brief explanation in the con-
text of placebo research:
  

 1.  Psychologists do not conduct a study involving 
deception unless they have determined that the use 
of deceptive techniques is justified by the study’s 
significant prospective scientific, educational, or 
applied value and that effective nondeceptive 
alternative procedures are not feasible.36

Deception in placebo research is adopted to cre-
ate expectations of benefit (or expectations of negative 
symptoms, as in nocebo research). Specifically, decep-
tion is often adopted to make participants believe that 
a certain procedure (e.g. a placebo cream, sham needle 
or electrode) is able to induce  analgesia. For example, 
all the stimuli are set at the painful control level and 
participants are deceptively informed that they would 
receive a painkiller or an analgesic intervention. This 
use of deception is often necessary to test for placebo 
responsiveness.
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 2.  Psychologists do not deceive prospective participants 
about research that is reasonably expected to cause 
physical pain or severe emotional distress.36

Strictly speaking, placebo analgesia research which 
involves the use of painful stimuli is inconsistent with 
this guideline. It is reasonable to presume that it should 
be qualified to rule out severe or lasting pain. Partici-
pants in placebo research should have the possibility to 
stop the delivery of painful stimuli and study participa-
tion at any time.

 3.  Psychologists explain any deception that is an 
integral feature of the design and conduct of an 
experiment to participants as early as is feasible, 
preferably at the conclusion of their participation, 
but no later than at the conclusion of the data 
collection, and permit participants to withdraw their 
data.36

  

Each participant should be informed about the true 
nature of research and the features of the protocol at the 
end of their individual participation in the study (dur-
ing the debriefing process) by the investigators. When 
informed about the use of deception, participants should 
be also offered the opportunity to withdraw their data 
from the study.

In laboratory placebo research, it is possible to adopt 
an ‘authorized deception’ approach during the consent 
process when false and misleading descriptions of cer-
tain aspects of the study are implemented.37,38 Study 
participants are informed that there will be elements of 
deception in the research but without indicating specifi-
cally what these are. This approach gives prospective 
subjects a fair opportunity to decide whether to partici-
pate in research that involves deception. A suggested 
statement to be included in the consent form is:

‘You should be aware that the investigators have inten-
tionally misdescribed certain aspects of the study. This use 
of  deception is necessary to obtain valid results. However, an 
 independent ethics committee has determined that this consent 
form accurately describes the risks and benefits of the study. 
The  investigator will explain the misdescribed aspects of the 
study to you at the end of the experiment.’38

The use of authorized deception in the informed con-
sent process has been tested by Martin and Katz,39 who 
randomly assigned healthy participants to an autho-
rized deception group or a deceptive group without 
authorized deception. Healthy volunteers received a 
deceptive placebo analgesic procedure. Interestingly, 
the authors found that authorized deception did not 
influence the size of placebo-induced placebo analgesia; 
nor did it influence recruitment and retention of partici-
pants. These findings suggest that the investigators may 
enhance the ethics of placebo research without jeopardiz-
ing the scientific validity of the protocol. Additionally, 

Martin and Katz found that informing participants 
about the nature of the placebo manipulation does not 
cause distress and lack of trust in research.39 Therefore, 
these researchers did not expect any strong negative 
reactions or lasting negative consequences from debrief-
ing participants about the details regarding the use of 
deception in their study. It seems that there are no risks 
associated with the ‘authorized deception’ relating to the 
purpose of the study and the procedures employed. If 
these findings find future confirmation, an authorized 
deception approach in which all subjects are informed 
about the use of deception may represent the ethically 
preferred approach to the study of placebo mechanisms. 
Providing prospective subjects who do not want to be 
deceived with the opportunity to decline to participate 
is consistent with the principle of autonomy.

Deception Associated with Placebo Interventions

The placebo effect poses challenges and questions 
for medical ethics. Can it be ethical for physicians to 
recommend placebo treatments in a deceptive way, or 
should placebos be recommended or administered only 
transparently?

Placebo research calls for rethinking the balance 
between beneficence (or, more precisely, beneficence 
plus nonmaleficence) and respect for autonomy. The 
benevolent use of deception to invoke a placebo effect in 
clinical practice has been the object of philosophical anal-
ysis.40,41 Some argue that the use of placebo treatments in 
clinical practice must be consistent with the professional 
integrity of clinicians and respect for patients’ values 
and preferences. Deceptive administration of placebos 
can violate these values.12,13 In addition to violating 
respect for the autonomy of patients, deceptive efforts 
to  promote placebo effects might encourage medical-
ization and drug dependence.42,43 Others believe that 
these  concerns need to be balanced against the potential 
for promoting clinically meaningful placebo responses 
without adverse treatment effects.44–46

One suggestion for bypassing deception is to prescribe 
placebos transparently. However, very little research 
has been conducted to understand whether placebo 
interventions can be prescribed overtly without decep-
tion.47–49 Recently, Kaptchuk and colleagues studied the 
role of placebos given transparently, accompanied by 
information about the placebo effect, in patients with 
chronic pain due to irritable bowel syndrome. An RCT 
showed significant improvement in symptom severity 
after receiving open-label placebo as compared to a no-
treatment control group with matched patient-provided 
interactions.49 This was a small, pilot study. Additional 
randomized trials in various groups of patients are 
needed to assess whether open placebos can produce 
clinically significant symptomatic improvement. A basic 
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question that deserves greater attention is whether dis-
crete action, such as the action of taking pills and treat-
ment rituals, are necessary to optimally evoke clinical 
benefit by virtue of placebo effects.

THE IMPACT OF THE CLINICIAN–
PATIENT RELATIONSHIP

It is important to emphasize that placebo effects can 
be obtained without any placebos. In a study conducted 
by Thomas, the impact of a positive or negative consul-
tation with a clinician on the patient’s optimism was 
demonstrated along with the results of the treatment.50 
Thomas found that how a clinician presents a prognosis 
and treatment has a significant impact on the satisfac-
tion and healing time of the patient. Patients who were 
positively consulted had a much higher 2-week recovery 
rate than those who were negatively consulted. In this 
experiment, all of the patients were suffering from minor 
illnesses, and patients would have healed with time, but 
the manner in which the treatment was administered 
made an impact on the amount of time it took for their 
illnesses to heal. Half of the patients in both types of con-
sultation group were given treatment that was a placebo, 
and half were not given any treatment. There was no dif-
ference in recovery time between placebo treatment and 
no-treatment groups of both consultations, but there was a 
considerable difference in the recovery times between the 
two different forms of consultation group, demonstrating 
that the intervention style of the clinician accounted for the 
difference. Although these findings need to be replicated, 
they have important implications. Based on Thomas’ find-
ings, being more optimistic may have caused the patients 
to recover faster. Having a positive expectancy of the 
treatment may successfully relieve minor illnesses. This 
concept can be also applied to the role of the clinician in 
being able to alter the patient’s mindset and expectancy to 
enhance the effectiveness of painkillers.

Some therapeutic effects may result from social 
interactions between clinicians and patients. The open–
hidden approach for studying placebo effects clearly 
illustrates the impact of a verbal and non-verbal com-
munication relating to expectations of symptomatic 
relief.51 For example, in patients with postoperative pain, 
 substantially higher doses of morphine are required 
when the drug is delivered by a computerized infusion 
device without the patient knowing when to expect 
medication, as compared to the routine clinical practice 
of open injection of morphine and assurance of pain 
relief. These contrasting open and hidden interventions 
permit isolation of the impact of placebo effects on thera-
peutic  outcomes without the use of a placebo.

Kaptchuk and colleagues further demonstrated the 
role of the clinician–patient relationship in placebo and 

pain management.52 Patients with irritable bowel syn-
drome treated with sham acupuncture in the context 
of a randomized, sham-controlled trial were assigned 
to three groups: no treatment, treatment with mini-
mal patient–clinician contact, and augmented patient–
clinician contact, as described below. The point of the 
experiment was to investigate how clinical outcome 
was affected by the time spent with the patient, and the 
manner in which clinicians presented themselves and 
their treatment to the patient. The group receiving sham 
acupuncture with minimal patient–clinician contact had 
only a 5-minute meeting with each other, whereas the 
 augmented patient–clinician group met with each other 
for 45 minutes and had a meaningful session regard-
ing the expectancy of the treatment to work and the 
clinician’s concern for the wellbeing of the patient. The 
enhanced communication and attention made a signifi-
cant impact on the effectiveness of the treatment. The 
augmented group had the best results in terms of relief 
from IBS symptoms, emphasizing the importance of 
empathetic clinical attention.52 Those receiving the sham 
acupuncture and minimal attention had superior out-
comes to the no-treatment group, suggesting the pros-
pect of benefit from the treatment ritual.

Low-risk and low-cost interventions in the arena of 
complementary and alternative medicine (CAM) pro-
vide a promising avenue for evaluating the potential 
for promoting clinically significant benefit from placebo 
responses by means of treatment interventions without 
deception.12,13

The physician would explain to the patient that 
efforts to take advantage of the placebo response may 
provide beneficial symptomatic improvement. Such a 
way for promoting placebo-based healing processes 
represents a general strategy consistent with profes-
sional norms and ethics of decision-making processes. 
In guiding the patient’s decision, Brody and colleagues 
suggested a specific framing with respect to treat-
ments, which may work primarily by means of placebo 
analgesic effects.53 In the case of low back pain, a state-
ment by the physician such as the following seems 
ethically justified as well as likely to be therapeutically 
effective:

‘As we’ve discussed before, medical science tells us that we 
all have built-in responses and chemicals that can help us get 
over symptoms more quickly, and that can add effectiveness 
to medicines and other treatments. So my job as your doctor 
is to try to work with you to turn on those powerful forces you 
have inside your body, to accompany whatever other treat-
ments I think you could benefit from. Now, how can we apply 
this to your back pain? We know that one thing that turns on 
those powerful inner chemicals is your own expectation that a 
 treatment is going to work. As I talk with you about acupunc-
ture, I sense that you have a lot of confidence in that approach. 
So going with acupuncture could give you the best of both 
worlds, the physical effects of the needles plus that extra boost 
from your own confidence.’53
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THE NOCEBO AND ITS IMPLICATIONS 
FOR HOW DOCTORS CONSULT WITH 

THEIR PATIENTS

In considering the ethical issues related to placebos 
and placebo effects, it is important to consider the nocebo 
effect—a phenomenon that negatively influences clinical 
outcomes. Indeed, nocebo effects are common in clinical 
trials and practice and can produce discontinuation of 
trial participation, alteration of treatment schedules, and 
lack of adherence to treatment.54 Nocebo effects in clini-
cal practice can elicit negative symptoms, which may be 
ascribed mistakenly as adverse treatment effects. Com-
municating to patients potential side effects of drugs 
may produce nocebo effects.55

Nocebo effects (or placebo adverse effects) have 
been observed in systematic reviews of randomized, 
double-blind, placebo-controlled studies for migraine 
treatments.56,57 A systematic review of randomized 
placebo-controlled clinical trials, including 56 trials for 
triptans, 9 trials for anticonvulsants, and 8 trials for non-
steroidal anti-inflammatory drugs (NSAIDs), revealed a 
high rate of adverse events in the placebo arms of trials 
matching those described for real drugs. For example, 
anticonvulsant placebos produced anorexia, memory 
difficulties, paresthesia and upper respiratory tract infec-
tion—all adverse events reported in the side effect  profile 
of this class of anti-migraine drugs.56,57 The findings from 
these studies raise the clinically and ethically important 
issue of how physicians should frame information so 
that the truth relating to risks of treatments is preserved 
and the probability of producing harm is minimized.54

Wells and Kaptchuk proposed that physicians practice 
what they call ‘contextualized informed consent,’ which 
attempts to take into account the possible side effects, 
the patient being treated, and the disease involved by 
conveying information about side effects to provide the 
most complete picture of the treatment with the least 
potential to cause harm.58 However, the ethical analysis 
of their approach needs to be specified more concretely 
in order to support their goal in a way that is consistent 
with the principle of respect for patient autonomy.59 For 
example, adverse effects with the potential for serious or 
irreversible harm should not be concealed, as patients 
cannot make informed choices without disclosure of 
serious risks.

To minimize nocebo effects consistent with patient 
autonomy and disclosure of serious risks, a technique 
of ‘authorized concealment’ can be also considered in 
certain circumstances.13,54 According to the authorized 
concealment approach, patients prescribed a particular 
drug would be asked if they are willing to agree not to 
receive information about certain types of side effect. 
The authorized concealment may be appropriate for 
relatively mild and transient side effects. Consistent 

with this approach, a physician who is recommending 
a given drug to a patient might communicate in the 
following way:

‘A relatively small proportion of patients who take Drug 
X experience various side effects that they find bothersome 
but are not life-threatening or severely impairing. Based on 
 research, we know that patients who are told about these sorts 
of side effect are more likely to experience them than those who 
are not told. Do you want me to inform you about these side 
effects or not?’54

Such an authorized concealment disclosure might be 
promising when the risk profile is moderate, e.g. head-
ache, mild fatigue, nausea. However, many patients 
might be aware of the potential side effects of a treat-
ment through the widespread access to internet  websites 
containing information about medical treatments. In 
particular, learning about potential side effects is a pro-
cess which can be guided by a trusted clinician.  Telling 
patients about the nocebo phenomenon could help 
mitigate it. We have learned that nocebo adverse effects 
occur frequently in clinical trials and practice due to 
the impact of words and information. Sensitive verbal 
instructions can be a potent mechanism for the reduction 
of fear and anxiety, with general significance insofar as 
anxiety exacerbates a wide range of distressing symp-
toms. Thus, patients need to know that negative out-
comes may be a phenomenon produced unconsciously 
in their brains and not necessarily due to the treatment 
they are receiving.

The manner in which information during a pain-
ful procedure is framed may influence pain perception 
and experience. Gentle and relief-oriented information, 
such as ‘We are going to give you a local anesthetic that 
will numb the area and you will be comfortable during 
the procedure,’ produced different pain outcomes in 
women at term gestation requesting epidural analgesia 
during the anesthetic procedure as compared to a typical 
description of the procedure: ‘You are going to feel a big 
bee sting; this is the worst part of the procedure.’ After 
the local anesthetic injection, a blinded observer came 
into the room to assess the patient’s pain. Women in 
labor told to expect pain comparable to a bee sting dur-
ing the local anesthetic injection (nocebo group) scored 
pain higher than those receiving the procedure along 
with gentle positive words.60

Nocebo studies demonstrate that merely knowing 
about potential adverse effects may lead to nocebo 
responses. In general, the clinical implications of nocebo  
effects illuminate the importance of cognitive appraisal 
in symptom worsening and the power of words in the 
context of clinician–patient interaction. It is important 
to appreciate that physicians cannot avoid framing 
the information they provide patients during clinical 
encounters, including the informed consent process. 
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Not only is information disclosure necessarily selec-
tive; truthful information can be provided in differ-
ent ways. Alternative ways of framing information 
about benefits and risks of symptomatic treatments 
can influence placebo and nocebo responses. Because 
information framing is unavoidable, clinicians should 
become more self-conscious about this aspect in shap-
ing conversations with patients regarding benefits 
and risks of symptomatic treatments, with the aim of 
promoting optimal outcomes while respecting patient 
autonomy.

WHAT TRANSLATIONAL RESEARCH IS 
BEING DONE, OR SHOULD BE DONE?

Bridging the gap between mechanistic research and 
clinical practice is one of the most important goals for 
future research in pain and placebo. There is a need 
to identify the circumstances and requirements for 
the transfer of knowledge from molecular and animal 
models to clinical practice.61 In the field of placebo 
and nocebo effects, most research has been conducted 
in humans. However, pain and placebo mechanisms 
can be studied in animal models with the potential for 
dramatically increasing our scientific knowledge at the 
 molecular level.

An emblematic model of the advantage of study-
ing molecular mechanisms in animal findings came 
from the field of the immune system. Animal results 
in the immune system represent an elegant and criti-
cal example of translational placebo research, in which 
the evidence of pain modulation, via conditioning, has 
been transferred from bedside to bench. After the early 
observations by Cohen and Ader providing experimen-
tal evidence that immunologic placebo responses can 
be obtained in mice by a sodium saccharin solution 
administered after repetitively pairing the solution (con-
ditioned stimulus) with the immunosuppessive drug 
cyclophosphamide (unconditioned stimulus),62 recent 
studies have explored the biochemistry of placebo 
analgesia.63,64

This line of research suggests that conditioned placebo 
substitution can be understood as a specific technology 
for promoting placebo responses, as distinct from more 
informal expectation-related interventions in the context 
of clinical encounter. More research will be needed to 
evaluate the therapeutic potential and clinical feasibility 
of placebo conditioning in the field of pain conditions, 
including management of clinical acute and chronic 
pain. It is worthwhile exploring whether analgesic 
effects can be potentiated, extended, and manipulated, 
after repetitively pairing a conditioned stimulus with 
an effective painkiller (unconditioned stimulus). These 
approaches are supported by recent studies investigating 

the biochemistry of placebo analgesia in animals, dem-
onstrating that placebos given after morphine or aspirin 
repetitively elicit placebo analgesic effects even if they 
were injected merely with saline solution.64–66 Similarly, 
placebo substitution experiments have been performed 
in pediatric and adult populations, respectively in chil-
dren with attention deficit hyperactivity disorders and 
adults with psoriasis.67–69 Using placebos to extend the 
analgesic effects of active painkillers is in line with pro-
fessional integrity and patients’ autonomy. In fact, there 
is evidence that these effects can be triggered while pla-
cebos are delivered overtly.

Another promising circumstance to also harness 
placebo effects is when standard treatments are not 
accompanied by adequate improvement. For example, 
physicians might propose a series of interventions ori-
ented around promoting placebo responses, reducing 
symptoms of illness, and improving coping ability. For 
example, a physician might recommend acupuncture 
treatments,70 described as a treatment that may work 
either by the physical stimulus of the needling or by  
promoting a placebo response, for managing pain dis-
comfort. This should be explained to patients that, 
although clinical trials have demonstrated that traditional 
acupuncture is not always better than sham acupunc-
ture treatment, both have been shown to be considerably  
better than either no treatment or usual care.

Finally, physicians can teach patients to gain relief 
without any placebo interventions. An early study by 
Egbert et al demonstrated that encouragement and 
instructions reduced pain in post-intra-abdominal oper-
ation patients. The ‘active placebo action’ consisted in 
explaining to patients what to expect during the post-
operative period, and in teaching how to relax, breathe, 
and move. Compared to a control group, patients who 
were encouraged and informed by a physician required 
half the dosage of narcotics to manage the post-operative 
pain.71 Overall, much more clinically oriented research is 
needed to learn how to promote placebo responses opti-
mally in clinical practice.
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Color Plates

FIGURE 4.1 Placebo-induced activation of regional μ-opioid receptor-mediated neurotransmission. Left: distribution of μ-opioid receptors in 
the human brain, in a 3D rendering. Right: some of the areas in which significant activation of μ-opioid neurotransmission during sustained pain 
were observed after the introduction of a placebo with expectation of analgesia. INS: insula; dlPFC: dorsolateral prefrontal cortex; NAC: nucleus 
accumbens; rACC: rostral anterior cingulate cortex.



FIGURE 4.3 Personality traits effect on placebo-induced activation of regional μ-opioid receptor mediated neurotransmission. Left: Regions of 
greater μ-opioid system activation during placebo administration in subjects with high levels of Ego Resilience, Straightforwardness and Altru-
ism and low levels of Angry Hostility. Upper right: Simple linear regression representing percent change in Placebo Response associated with 
1 SD increase in Trait Measure (with 95% Confidence Intervals). (** indicates p < 0.01; * indicates p < 0.05). Lower right: Correlations between  
Δ μ-opioid BPND in the dACC during pain compared to (pain + placebo) and Δ in pain ratings (MPQ) during placebo administration. INS: insula;  
NAC: nucleus accumbens; r/sgACC: rostral and subgenual anterior cingulate cortex; AMYG: amygdala; PAG: periaqueductal gray.



FIGURE 6.1 A schematic representation of the three main levels of endogenous pain modulation: (1) spinal inhibitory mechanisms, (2) inhibi-
tory mechanisms descending from the brainstem, and (3) inhibitory mechanisms descending from higher centers. As described in the text, placebo 
and nocebo responses act by modulating these mechanisms and changing the spinal cord response to nociceptive activity.
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FIGURE 7.1 Neuroanatomy of descending pain control. This simplified diagram shows key regions involved in opioidergic descending pain 
control, as identified by both animal studies and human imaging studies. The endpoint of this system is the spinal cord, where nociceptive pro-
cessing is inhibited by projections from the RVM (blue arrow). The RVM in turn receives a substantial input from the PAG, which is innervated 
by the hypothalamus as well as medial prefrontal regions (red arrows). Note that several connections (such as reciprocal ones) are omitted for the 
sake of clarity and that several non-midline regions (such as the amygdala) are not depicted. The sagittal T1-weighted brain section stems from the 
MNI152 brain, whereas the transversal T2*-weighted spinal cord section stems from a recent spinal cord study (Eippert et al, unpublished data). 
PAG: periaqueductal gray; rACC: rostral anterior cingulate cortex; RVM: rostral ventromedial medulla.
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FIGURE 7.2 Experimental paradigm of pharmacologic fMRI study on placebo analgesia. Participants were recruited with the understanding 
that we were investigating the effects of a peripherally acting analgesic (‘lidocaine’ cream) on brain responses to noxious heat. The experiment 
took place on two consecutive days and consisted of three phases: manipulation day 1, manipulation day 2, and test day 2. Before each phase, 
subjects were treated with two identical creams on their left forearm and were told that one cream was a highly effective pain reliever, whereas 
the other served as sensory control. During the manipulation phases (which consisted of six trials under placebo cream and control cream, respec-
tively), painful stimulation on the placebo-treated patch was surreptitiously lowered (from 80 [score on a visual analog scale (VAS)] under control 
to 40 under placebo) to convince the subjects that they had received a potent analgesic cream and to create expectations of future pain relief when 
treated with this cream. On day 2, the manipulation phase was carried out inside the (resting) MR scanner, to reactivate and strengthen the expec-
tations of pain relief in this context. Before the test phase started, subjects either received an injection of saline or naloxone. fMRI data were col-
lected during the test phase, which consisted of 15 trials under each condition. Importantly, during this phase the strength of painful stimulation 
was identical on both skin patches (60 on a VAS), in order to test for placebo analgesic effects. Note that in the spinal imaging study (see section 
‘Spinal fMRI of placebo analgesia’), we omitted the day 1 manipulation session—as subjects had participated in the previous study—and also did 
not administer any drugs. Reproduced and modified, with permission, from reference 128.
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RVM
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FIGURE 7.3 Placebo-induced midbrain and brainstem responses. This sagittal slice shows hypothalamus, PAG and RVM responses that were 
significantly stronger under placebo than under control; the response is overlaid on the group-averaged T1 image. Importantly, the responses in 
these key regions of descending pain control were significantly weaker under naloxone, indicating that these responses are opioid-dependent. All 
three structures furthermore showed responses that were correlated with the strength of the behavioral placebo effect. Reproduced and modified, 
with permission, from reference 128.

20 mm

3 x 3 mm
1 x 1 mm

FIGURE 7.4 Brain and spinal cord size. Transversal slices through the brain (left) and the cervical spinal cord (middle) at the same scale show 
how minuscule the spine is in relation to the brain. The enlarged section (right) indicates that a standard in-plane voxel size of 3 × 3 mm would 
be much too coarse to image the spinal cord. Therefore, we used a 1 × 1 mm in-plane voxel size, which is more adequate to disentangle white 
and gray matter within the spinal cord, as well as to dissociate responses in the anterior–posterior and left–right dimensions. Note that due to the 
imaging sequence used, cerebrospinal fluid is black in the brain section and white in the spinal cord section, whereas gray matter is dark in the 
brain section and white in the spinal cord section.
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FIGURE 7.5 Modulation of nociceptive processing in the human spinal cord. (a) In the spinal fMRI study on placebo analgesia, we observed 
significant responses to the painful stimulation in the ipsilateral dorsal spinal cord (where nociceptive afferents terminate), as shown by the 
transversal section (level C6); the response is overlaid on the group-averaged T1 image. The group-averaged parameter estimates (reflecting the 
strength of activation) on the right were obtained from the voxel that exhibited the strongest response to pain and clearly show a significant reduc-
tion under placebo compared to control. (b) A similar result was observed in the spinal fMRI study on distraction, where pain-related responses in 
the ipsilateral dorsal spinal cord (at a location nearly identical to the one shown in panel (a) were significantly reduced when participants where 
distracted from pain by high working memory load under the 2-back condition (see transversal section and parameter estimates); the response is 
overlaid on the group-averaged T2* image. Reproduced and modified, with permission, from references 195 and 205.
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FIGURE 7.6 Brainstem and rACC responses in different forms of pain modulation. Key regions of the descending pain control system show 
responses in different forms of pain modulation, such as placebo,128 offset analgesia,222 heterotopic noxious conditioning stimulation (HNCS)218 
and distraction.215 There is a general overlap of activated regions—most clearly seen in the PAG—but response locations obviously vary, as do 
the underlying mechanisms (for example, offset analgesia is mediated by non-opioidergic mechanisms,223 while the other depicted forms of pain 
modulation do have an opiodergic component). Black circles indicate the RVM, red circles indicate the PAG, yellow circles indicate the hypo-
thalamus and white circles indicate the rACC (filled circles indicate that these regions were used as seeds in functional connectivity analyses). 
Reproduced and modified, with permission, from references 128, 215, 218 and 222. Note that this figure has been reproduced with permission of 
the International Association for the Study of Pain® (IASP). The figure may not be reproduced for any other purpose without permission.



FIGURE 10.1 Brain correlates of individual placebo responses. (A) Coordinates from different studies and contrasts, listed by number in Table 
10.2, at which brain measures are reported to correlate with individual differences in PA or to differ between groups of placebo responders and 
non-responders. Positive and negative correlations from fMRI and PET studies are shown in red and blue, respectively, with spheres and cubes for 
those points with correlating activity during pain and anticipation, respectively. Magenta spheres denote coordinates at which PET studies found 
increased opioid activity correlated with the ratio of experienced analgesia to expected analgesia. And locations of gray matter density (VBM) and 
white matter integrity (DTI) correlates (all positive) with placebo analgesia are marked with yellow and green spheres, respectively.



FIGURE 10.1 Cont’d (B) Coordinates at which oscillatory measures and functional connectivity findings from fMRI studies are reported to 
correlate with placebo analgesia (individual studies and contrasts are listed, by number, in Table 10.2). Included are high frequency band BOLD 
oscillations (HF) that were positively correlated with placebo analgesia (red); low frequency band BOLD oscillations (LF) that were negatively 
correlated with placebo analgesia (blue); locations where functional connectivity with left dorsolateral prefrontal cortex (LDLPFC) was positively 
(magenta) or negatively (cyan) correlated with placebo analgesia; locations where functional connectivity with anterior insula (aIns) during pain 
(green spheres) or anticipation (green cubes) was negatively correlated with placebo analgesia; locations where functional connectivity with the 
sensory-motor network was correlated positively with placebo analgesia (orange); and locations where functional connectivity with the right 
frontoparietal network was correlated positively with placebo analgesia (yellow).



FIGURE 10.2 Illustration of possible roles of person characteristics and situation characteristics with respect to placebo response. Each panel 
shows diagrammatically, from left to right, a set of individuals with varying trait optimism/pessimism levels (an example of a person-level vari-
able) experiencing a positive, negative, or neutral suggestion about treatment efficacy (a situational variable), and subsequently rating the inten-
sity of a painful stimulus. In the three panels, the set of outcomes are determined by: (P) only the person-level variable; (S) only the situational 
variable; and (P × S) an interaction between the two variables. In the interaction case, analgesia is shown by the right kind of person in the right 
situation, and simple effects of each variable need neither exist nor be easily detectable if they do exist.



FIGURE 12.2 Representative brain regions involved in expectancy (blue) and acupuncture treatment (green) from ANOVA analysis across four 
groups.44 The red color indicates the mask of high pain minus low pain across four groups. L indicates left side of the brain, R indicates right side 
of the brain. rACC: rostral anterior cingulate cortex; MPFC: medial prefrontal cortex; LPC: paracentral lobule; PAG: periaqueductal gray; NL: 
lentiform nucleus; INS: insula; OPFC: orbital prefrontal cortex; NA: amygdala.



FIGURE 13.2 Pharmacologic conditioning. In the context of behavioral conditioning (B), the unconditioned stimulus (e.g. a pharmacologic 
agent) is inducing a response in the CNS (unconditioned response/UR); a neutral stimulus (e.g. environmental stimuli, an inert substance) is  
inducing no such response. During the acquisition phase, the neutral stimulus is paired with the unconditioned stimulus (US). After one or several  
pairings of the neutral stimulus with the US, the neutral stimulus becomes the conditioned stimulus (CS). During evocation, the CS is now able to 
mimic the effects formally induced by the US.



FIGURE 13.3 Influence of expectations on opioid-induced analgesia. The opioid remifentanil led to a significant reduction of pain when partici-
pants were not aware of the time-point of drug application, reflecting the pharmacologic effect with no expectations (top row). The analgesic effect 
was, however, doubled when participants were informed about application onset and expected a reduction of pain (middle row). Conversely, the 
drug effect was completely abolished in the condition where participants expected the drug to exacerbate pain (bottom row). (See Bingel et al23 for  
details.) DLPFC, dorsolateral prefrontal cortex; rACC, rostral anterior cingulate cortex; PAG, periaqueductal gray; HC, hippocampus.



FIGURE 15.3 Experimental paradigm to investigate the role of conditioning and prior experience. Participants were informed that a green 
light displayed on a computer screen indicates activation of the electrode pasted on their middle finger which, in turn, would induce analgesia 
by virtue of a sub-threshold stimulation. Conversely, a red light indicates that the electrode is not activated, so that they would experience pain 
(which serves as control). The intensity of stimulation was manipulated to give the experience of analgesia in association with the presentation of 
a green light during the acquisition phase of conditioning (P = pain; N = no pain). No intensity manipulation was performed during the evocation 
phase when red and green lights were set at the control level of pain. Placebo responses were calculated as the differences between pain reports 
under red and green stimuli in the evocation phase. Adapted from Colloca and Benedetti (2006).50



FIGURE 19.1 Efficacy paradox: an intervention with small and nonsignificant effects (treatment x) may be more effective overall than an effica-
cious one (treatment y); adapted from Walach.59
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