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Summary

Although placebos have long been considered a nuisance
in clinical research, over recent years they have become
an active and productive field of research. Indeed, the
placebo effect represents an elegant model to understand
how the brain works. It is worth knowing that there is not
a single but many placebo effects, with different mech-
anisms across different systems, medical conditions and
therapeutic interventions. For example, brain mechanisms
of expectation, anxiety and reward are all involved, as
well as a variety of learning phenomena. There is also
some experimental evidence of different genetic variants
in placebo responsiveness. Pain and Parkinson’s disease
represent the most productive models to better under-
stand the neurobiology of the placebo effect. In these
medical conditions the neural networks involved have in-
deed been identified: that is, opioid, cannabinoid, chole-
cystokinin, cyclooxygenase, and dopamine modulatory
networks in pain; and part of the basal ganglia circuitry in
Parkinson’s disease. Overall, there is today compelling ev-
idence that placebos and drugs share common biochem-
ical pathways and activate the same receptor pathways,
which suggests possible interference between social stim-
uli and therapeutic rituals on one hand and pharmaco-
logical agents on the other. The same holds true for the
nocebo effect, the opposite phenomenon of placebo. The
assessment of patients’ expectations should become the
rule in clinical trials in order to allow us a better interpreta-
tion of therapeutic outcomes when comparing placebo and
active treatment groups. Administering drugs covertly is
another way to identify the placebo psychobiological com-
ponent without the administration of any placebo, and this
provides important information on the role of patient’s ex-
pectations in the therapeutic outcome. A further in-depth
analysis of placebo and nocebo phenomena will certainly
provide important information in the near future for a better
understanding of human biology, medicine and society.
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Definition

The placebo effect is the reduction of a symptom or a
change in a physiological parameter when an assumingly
inert treatment (the placebo) is administered along with a
complex set of psychosocial stimuli that tell the patient that
a benefit may occur. The placebo effect, so far considered
a nuisance in clinical research when a new treatment is
tested, has now become a target of scientific investigation
into a better understanding of the physiological and neu-
robiological mechanisms that associate a complex men-
tal activity to different functions of the body. Usually, the
terms placebo effect and response are used interchangeably
by both clinical researchers, who run clinical trials, and
by neuroscientists, who want to understand the underlying
mechanisms. It is important to realise that there is not a sin-
gle placebo effect but many, which occur through different
mechanisms in different conditions, systems and diseases
[1–4].

A placebo effect is not easy to recognise and its study is
full of pitfalls. Indeed, the effect that follows the admin-
istration of a placebo can be due to many factors, such as
spontaneous remission, regression to the mean, symptom
detection ambiguity and other biases. All these phenome-
na need to be ruled out by means of control groups. The
possibility of spontaneous remission (the natural course of
a disease or a symptom) can be avoided by means of a
no-treatment group. Regression to the mean (the statistical
phenomenon stating that if a symptom is near its greatest
intensity during the first assessment, it will be of lower in-
tensity at the second assessment) can be controlled by us-
ing an experimental model in healthy volunteers. Symptom
detection ambiguity and patient’s or experimenter’s bias-
es can be ruled out by using objective physiological mea-
surements. It is also important to exclude possible effects
of co-interventions; for example, an unidentified concomi-
tant diet may be responsible for the clinical improvement
during a placebo treatment.

The Hawthorne effect should also be considered in any
clinical trial since it potentially affects the therapeutic out-
come and its interpretation. It describes those changes in
patients’ baseline values occurring even before they have
received a treatment, due to the mere act of being recruited
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into a clinical trial [5]. When all these phenomena are ruled
out and the correct methodological approach is used, the
real placebo effect can be detected, which is attributable
only to the psychobiological changes in the patient’s brain
and is mediated by neurobiological mechanisms worthy of
scientific inquiry [6–8].

Basic mechanisms

In the investigation of the placebo effects the psychosocial
context should be considered. This context surrounds the
patient and any medical treatments (e.g., the therapist’s
words, the hospital environment, the sight of complex ma-
chines, the colour, shape and odour of a pill, and other sen-
sory inputs). Conscious anticipation and unconscious con-
ditioning represent two of the main mechanisms through
which the context may produce a therapeutic effect. In the
first case, expectation and anticipation of clinical benefit
have sometimes been shown to induce a real clinical im-
provement. In the second case, contextual cues (e.g., taste
and smell of a drink, colour and shape of a pill) may act
as a conditioned stimulus that, after repeated associations
with an unconditioned stimulus (the active pharmacolog-
ical agent contained in the drink or in the pill), are capa-
ble alone of inducing a clinical improvement. The neural
mechanisms underlying the placebo effects are only par-
tially understood and most of our knowledge comes from
pain, Parkinson’s disease, hypoxia, and immune and en-
docrine responses, whereas we have only a few pieces of
information for other conditions such as neuropsychiatric
disorders. Today we know that in each of these conditions
different mechanisms are at play, so that we cannot talk of
a single placebo effect but many [7].

Pain

Most of our knowledge about the neurobiological mech-
anisms that mediate placebo responses comes from the
field of pain and analgesia. Specifically, there is now com-
pelling experimental evidence that the endogenous opioid
systems play an important role in some circumstances (fig.
1A). A combination of both imaging and pharmacological
studies has produced several lines of evidence indicating
that placebo analgesia is mediated by a descending pain-
modulating circuit, which uses endogenous opioids as neu-
romodulators. In fact, by using positron emission tomogra-
phy (PET), it was found that the very same regions of the
brain in the cerebral cortex and in the brainstem are affect-
ed by both a placebo and the opioid agonist remifentanil,
suggesting a related mechanism in placebo-induced and
opioid-induced analgesia [9]. In particular, the administra-
tion of a placebo induces the activation of three important
brain regions: the dorsolateral prefrontal cortex (DLPFC),
the rostral anterior cingulate cortex (rACC), and the peri-
aqueductal grey (PAG) (fig. 1F). Moreover, there is a sig-
nificant covariation in activity between the rACC and the
rostral ventromedial medulla (RVM), and a sub-significant
covariation between the rACC and the PAG, thus suggest-
ing that the descending rACC/PAG/RVM pain-modulating
circuit is involved in placebo analgesia. In another func-
tional magnetic resonance imaging (fMRI) experiment, it
was shown that placebo administration also induced the in-
hibition of those regions involved in pain processing, such
as the mid and posterior cingulate cortex (MCC, PCC), in-

sula and thalamus [10]. Therefore, the PET and fMRI stud-
ies tell us that placebo analgesia and opioid analgesia share
a common neural mechanism and that pain transmission is
inhibited by placebos. The regions activated and deactivat-
ed during placebo analgesia are shown in figure 2. How-
ever, a recent meta-analysis of brain imaging studies has
shown that placebo analgesia activates a complex network
of areas that influence pain related regions, while it only
partially affect areas involved in pain processing [11].

In support of the involvement of endogenous opioids in
the descending circuit there are several pharmacological
studies that show that placebo analgesia is antagonised by
the opioid antagonist naloxone [12–14]. For example, in
2005 a PET study used in vivo receptor binding to show
that placebos induce the activation of mu-opioid recep-
tors in different brain areas, such as the dorsolateral pre-
frontal cortex, nucleus accumbens, insula and rACC (fig.
1A) [13].

Besides their action on pain transmission, the placebo-ac-
tivated endogenous opioids have been found to induce res-
piratory depression, which in turn could be prevented by
the opioid antagonist naloxone [7]. Likewise, a reduction
of beta-adrenergic system activity, which is blocked by
naloxone, has been found during placebo analgesia [7].
Even though it is not known whether the placebo-activated
opioid systems act only through a descending modulating
network, these reported findings indicate that they have a
broad range of action, influencing pain, respiration and the
autonomic nervous system.

The placebo-activated endogenous opioids have also been
shown to interact with endogenous substances that are in-
volved in pain transmission. On the basis of the anti-opioid
action of the octapeptide cholecystokinin (CCK), CCK
antagonists have been shown to enhance placebo anal-
gesia, thus suggesting that the placebo-activated opioid
systems are counteracted by CCK during a placebo proce-
dure: when CCK activity outweighs opioid activity, place-
bo analgesia is reduced, and the opposite situation leads to
increased placebo analgesic responses (fig. 1A) [1].

It is important to point out that some types of placebo
analgesia appear to be insensitive to naloxone, thus sug-
gesting that neuromodulators other than opioids can be in-
volved in some circumstances. For example, if a placebo is
given after repeated administrations (pre-conditioning) of
the non-opioid painkiller ketorolac, the placebo analgesic
response is not blocked by naloxone but by rimonabant,
a CB1 cannabinoid receptor antagonist, which suggests
the involvement of endocannabinoids in placebo analge-
sia (fig.1 C) [15]. Interestingly, there is now compelling
experimental evidence that the whole lipidic pathway (in-
volving arachidonic acid, anandamide, prostaglandins and
thromboxane) is important in the modulation of the place-
bo response in pain. For example, by using high-altitude
headache as a model, it has been found that a placebo
can modulate cyclooxygenase activity and the synthesis of
prostaglandins and thromboxane leading to a reduction of
headache pain [16–18].

Dopamine also plays a role in placebo analgesia respon-
siveness. In particular, an increase in dopamine binding to
D2/D3 receptors and in opioid binding to μ receptors oc-
curs in the nucleus accumbens, which is part of the ven-
tral striatum [19, 20]. Since the nucleus accumbens is in-

Review article: Biomedical intelligence Swiss Med Wkly. 2020;150:w20340

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 2 of 10



volved in motivation and reward anticipation processing,
dopamine release in this brain region is associated with

patient expectation of improvement in symptoms, which
could in turn be considered a form of reward.

Figure 1: Principal neurobiological mechanisms of the placebo response that have been identified across a variety of conditions. (A) The anti-
nociceptive opioid system is activated in placebo analgesia in some circumstances, and the mu opioid receptors play a crucial role. The pro-
nociceptive cholecystokinin (CCK) system antagonises the opioid system, thus blocking placebo analgesia. (B) The pro-nociceptive CCK sys-
tem is activated by anticipatory anxiety in nocebo hyperalgesia, with some evidence that the CCK-2 receptors are more important. (C)
Different lipidic mediators have been identified in placebo analgesia and nocebo hyperalgesia. Whereas placebos activate the CB1 cannabi-
noid receptors and inhibit prostaglandins (PG) synthesis in some circumstances, nocebos increase PG synthesis. In addition, different genetic
variants of FAAH affect the magnitude of placebo analgesia. (D) The activation of D2-D3 dopamine receptors in the striatum is related to the
placebo response in Parkinson’s disease. Likewise, in placebo analgesia there is an activation of D2-D3 receptors and mu opioid receptors in
the nucleus accumbens, whereas in nocebo hyperalgesia there is a deactivation of D2-D3 and μ receptors. (E) Placebo administration in
Parkinson patients produces a decrease of firing rate and bursting activity of the subthalamic nucleus neurons. It also produces a decrease of
firing rate in the substantia nigra pars reticulata and an increase in the ventral anterior and anterior ventral lateral thalamus. (F) The neu-
roanatomy of placebo analgesia has been described trough brain imaging. Different regions are modulated by both placebos and nocebos, but
the most studied and understood regions are the dorsolateral prefrontal cortex (DLPFC), the rostral anterior cingulate cortex (rACC), and the
periaqueductal gray (PAG), which represent a descending pain modulating network. This, in turn, inhibits those regions that are involved in
pain processing, such as the mid and posterior cingulate cortex (MCC, PCC), insula and thalamus. (G) In social anxiety disorder, placebos af-
fect the basolateral and ventrolateral amygdala as well as its projections to DLPFC and rACC. (H) In the immune and endocrine system, the
mechanism of the placebo response is classical conditioning, whereby an unconditioned stimulus (US) is paired with a conditioned stimulus
(CS). For example, after pairing a CS with either ciclosporin or sumatriptan, the CS alone can mimic the responses to cyclosporine and suma-
triptan. (I) Different polymorphisms have been found to be associated to low (coloured squares) or high placebo responsiveness. From
Benedetti F. Placebo effects: from the neurobiological paradigm to translational implications. Neuron. 2014;84:623–37 (permission not re-
quired).
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Parkinson’s disease

As with pain, also in motor disorders, such as Parkinson’s
disease, a placebo procedure can be followed by the release
of endogenous substances. In particular, the high rate of the
placebo response in Parkinson’s disease clinical trials pro-
vided the impetus for investigating the underlying mecha-
nisms.

In the case of Parkinson patients, the placebo procedure
consists of administering an inert substance (placebo)
along with the information that it is an anti-parkinsonian
drug that produces an improvement in motor performance.
In 2001, the first brain imaging study of the placebo effect
by means of PET was conducted [21]. In this study, pa-
tients were aware that they would be receiving an injection
of either active drug (apomorphine, a dopamine receptor

agonist) or placebo (an inert substance that the patient be-
lieved to be apomorphine), according to classic clinical tri-
als methodology. The authors assessed the competition for
D2/D3 receptors between endogenous dopamine and [11C]-
raclopride, a method that allows identification of endoge-
nous dopamine release. After placebo administration, a re-
lease of dopamine was found in the striatum (both dorsal
and ventral), corresponding to a change of 200% or more
in extracellular dopamine concentration (fig. 1 D). How-
ever, whereas dopamine release in the dorsal striatum was
greater in those patients who reported clinical improve-
ment, its release in the ventral striatum was associated with
patient expectation of improvement in symptoms [21, 22].

The placebo response in Parkinson’s disease is associated
with changes in activity of neurons in the subthalamic nu-
cleus, substantia nigra pars reticulata and motor thalamus

Figure 2: Activation likelihood estimation (ALE) meta-analysis of brain imaging data showing the regions activated (red) and deactivated
(green) during placebo analgesia.
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[23–25]. Indeed, the possibility to record from single neu-
rons during the implantation of electrodes for deep brain
stimulation makes Parkinson’s disease an excellent model
for investigating the placebo mechanisms occurring when
patients expect a therapeutic benefit. In particular, place-
bo administration in Parkinson patients affects the activity
of the neurons in the subthalamic nucleus, a brain region
belonging to the basal ganglia circuitry and whose activi-
ty is increased in Parkinson’s disease. Verbal suggestions
of motor improvement during a placebo procedure are ca-
pable of reducing the firing rate and abolishing bursting
activity of subthalamic nucleus neurons. These effects al-
so produce a decrease of firing rate in the substantia nigra
pars reticulata, followed by an increase in the ventral an-
terior and anterior ventral lateral thalamus, and resulting
in clinical improvement (fig. 1E). Although patients’ ex-
pectations are recognised as a major mediator of placebo
responses, recent research suggests that learning is even
more important in Parkinson’s disease. Placebos given for
the first time to naïve Parkinson’s disease patients induce
neither clinical nor neuronal improvement. However, this
lack of placebo responsiveness may be turned into sub-
stantial placebo responses following previous exposure to
repeated administrations of the anti-Parkinson agent apo-
morphine [26, 27].

Depression and social anxiety

Both electroencephalographic and metabolic changes have
been observed in the brain of depressed patients who re-
ceive a placebo treatment. Electroencephalogram changes
were found in the prefrontal cortex of patients with major
depression [28, 29]. Changes in brain glucose metabolism
were documented by using PET in subjects with unipolar
depression who were treated for 6 weeks with either place-
bo or the selective serotonin reuptake inhibitor fluoxetine
[30]. The authors showed that both placebo and fluoxetine
treatment induced metabolic increases in the prefrontal,
anterior cingulate, premotor, parietal and posterior cingu-
late cortices, and posterior insula, and metabolic decreases
in the subgenual cingulate, thalamus and parahippocam-
pus. The magnitude of regional changes with fluoxetine
was generally greater than those induced by a placebo.
However, fluoxetine responses were associated with addi-
tional changes in the striatum, parahippocampus and ante-
rior insula. Therefore, since the brain changes associated
with placebo response most closely match those of flu-
oxetine, a possible role for serotonin in placebo-induced
antidepressant effects is suggested. Interestingly, ventral
striatal (nucleus accumbens) and orbital frontal changes
were found in both placebo and drug responders well be-
fore clinical benefit, namely at 1 week of treatment. These
changes are thus associated with expectation and anticipa-
tion of the clinical benefit, rather than to clinical response.

In social anxiety disorder, PET imaging has been used to
assess regional cerebral blood flow during an anxiogenic
public speaking task, before and after 6–8 weeks of treat-
ment with selective serotonin reuptake inhibitors (SSRIs)
under double-blind conditions [31, 32]. The authors found
that both SSRIs and placebo responders show a common
attenuation of regional cerebral blood flow in the basolat-
eral and ventrolateral amygdala, as well as in its projec-
tions to DLPFC and rACC (fig. 1G). This pattern corre-

lates with behavioural measures of reduced anxiety, and
indicates that in this specific clinical condition drugs and
placebos act on common amygdala targets and amygdala-
frontal connections.

Immune and endocrine responses

The mechanisms of the placebo effect in the immune and
endocrine systems are related to conditioning [33–36]. If
the active drug is replaced by a placebo after being ad-
ministered repeatedly, the placebo is capable of evoking
immune or hormonal responses comparable to those ob-
tained by the previously administered drug. For example,
immunosuppressive placebo responses can be induced in
humans by repeated administration of ciclosporin (uncon-
ditioned stimulus) associated with a flavoured drink (con-
ditioned stimulus), as assessed by interleukin-2 and inter-
feron-γ mRNA expression, in vitro release of interleukin-2
and interferon-γ, and lymphocyte proliferation [37]. Fur-
thermore, if a placebo is given after repeated administra-
tions of sumatriptan, a serotonin agonist of the 5-HT1B/

1D receptors that stimulates growth hormone and inhibits
cortisol (glucocorticoids) secretion, a placebo growth hor-
mone increase and a placebo cortisol decrease can be
found (fig. 1H) [38]. These hormonal and immune re-
sponses represent the best examples of unconscious place-
bo effects, that is, placebo effects that take place in the ab-
sence of conscious cognitive processes.

Genes

Although genetic studies of placebos are still at the begin-
ning, different polymorphisms have been found to be as-
sociated with low or high placebo responsiveness, and the
analysis of genetic variants has been centred around differ-
ent systems, such as the dopamine, opioid, serotonin and
endocannabinoid systems [39–41]. For example, patients
affected by social anxiety disorder were genotyped for the
serotonin transporter-linked polymorphic region (5-HTTL-
PR) and the G-703T polymorphism in the tryptophan hy-
droxylase-2 (TPH2) gene promoter (fig. 1I) [42]. The fM-
RI analysis showed that robust placebo responses and
reduced activity in the amygdala only occurred in those
patients who were homozygous for the long allele of the
5-HTTLPR or the G variant of the TPH2 G-703T poly-
morphism. In another study, catabolic enzymes catechol-
O-methyltransferase and monoamine oxidase A polymor-
phisms were examined in patients affected by major
depressive disorder [43]. Small placebo responses were
found in those patients with monoamine oxidase A poly-
morphisms coding for the highest activity form of the en-
zyme, and in those patients with the catechol-O-methyl-
transferase polymorphisms coding for a lower-activity
form of the enzyme. Interestingly, catechol-O-methyltrans-
ferase val158met polymorphisms have also been associat-
ed with placebo responsiveness in the irritable bowel syn-
drome [44].

Nocebo effect

Whereas a positive context may elicit positive expectations
and lead to positive outcomes, namely placebo effects, a
negative context may elicit negative expectations and lead
to negative outcomes, that is, nocebo effects [1, 2, 7, 45].
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Typical nocebo effects are those deriving from the admin-
istration of an inert substance along with negative expec-
tations of adverse events. If the inert substance is admin-
istered along with verbal suggestions of pain increase it
may induce a hyperalgesic effect. Since the induction of
nocebo responses is a stressful and anxiogenic procedure,
much less is known about nocebo hyperalgesia than place-
bo analgesia, mainly because of ethical limitations. Noce-
bo hyperalgesia has been found to be blocked by prog-
lumide, a non-specific CCK-1/2 receptor antagonist, even
though it is not a specific painkiller. This suggests that
CCK mediates the nocebo hyperalgesic response. This ef-
fect is not antagonised by naloxone, thus ruling out the in-
volvement of endogenous opioids. In addition, since the
nocebo procedure represents an anxiogenic stimulus and
previous studies showed a role for cholecystokinin in anxi-
ety, nocebo hyperalgesia may be due to a cholecystokinin-
dependent increase of anxiety (fig. 1B) [46, 47]. The re-
gions activated and deactivated during nocebo
hyperalgesia are shown in figure 3.

Nocebo effects represent a source of confusion and misin-
terpretation in clinical trials, and adverse events described
in informed consent forms can actually lead to negative
outcomes. The information provided to clinical trial par-
ticipants about the nature of the expected side effects may
thus influence the types of side effects occurring in the
placebo arm. For example, in clinical trials for anti-mi-
graine drugs, it has been shown that the adverse events
described specifically for each drug out of three different
classes (non-steroid anti-inflammatory drugs, triptans and
anticonvulsants) corresponded to the adverse events ob-
served in each respective placebo arm [48]. Similar find-
ings were observed in a meta-analysis on nocebo effect
in depression: a total of 143 placebo-controlled trials SS-
RIs were analysed, showing that reported rate of adverse
events was influenced by their assessment, so that a more
systematic assessment led to higher rates in comparison to
a less systematic assessment [49].

Implications for clinical trials and medical
practice

According to the classical methodology of clinical trials,
any drug must be compared with a placebo in order to as-
sess its effectiveness. When those patients who take the
drug show a larger clinical improvement than those who
take the placebo, the drug is considered to be effective.
However, in light of the recent advances in placebo re-
search, some caution is necessary in the interpretation of
classical clinical trials. In fact, by consideration of the
complex cascade of biochemical events induced by place-
bo administration, any drug that is tested in a clinical
trial may interfere with these placebo-/expectation-acti-
vated mechanisms involving endogenous opioids, endo-
cannabinoids, dopamine and serotonin. Indeed, what is
emerging from the recent physiological understanding of
the placebo response is related to the common biochemical
pathways that are modulated by social stimuli and thera-
peutic rituals on the one hand and by drugs on the other.
For example, expectations of analgesia or expectations of
motor improvement modulate the very same receptor path-
ways as those modulated by real pharmacological agents.
Assessing patients’ expectations should become the rule in

any clinical trial. This would allow us to better interpret
therapeutic outcomes when comparing placebo and active
treatment groups [50].

Another approach to rule out the possible pharmacological
interference is to eliminate the placebo psychobiological
component and to maintain the specific effects of the treat-
ment, providing important information on the role of pa-
tient’s expectations in the therapeutic outcome. This can
be achieved by administering drugs covertly; to make this
possible, drugs are administered through hidden infusions
by machines. A hidden drug infusion can be performed
through a computer-controlled infusion pump that is pre-
programmed to deliver the drug at the desired time. It is
crucial that the patient does not know that any drug is be-
ing injected, so that he or she does not expect anything.
The computer-controlled infusion pump can deliver a drug
automatically, without a doctor or nurse in the room and
without the patient being aware that a treatment has been
started [51, 52].

The analysis of different treatments, either pharmacologi-
cal or not, in different conditions has shown that an open
(expected) therapy, carried out in full view of the patient,
is more effective than a hidden one (unexpected). Whereas
the hidden injection represents the real pharmacodynamic
effect of the drug, free of any psychological contamination,
the open injection represents the sum of the pharmacody-
namic effect plus the psychological component of the treat-
ment. The latter can be considered to represent the place-
bo component of the therapy, even though it cannot be
called placebo effect, as no placebo has been given. It is
important to realise that, by using hidden administration
of drugs, it is possible to study the placebo effect with-
out the administration of any placebo. For example, in a
postoperative setting it has been shown that the analgesic
dose used to reduce pain by 50% was higher with hidden
than with open administrations of four different painkillers
(buprenorphine, tramadol, ketorolac, metamizole) and the
reported pain was higher after a hidden analgesic infusion
compared with an open one [53].

Imaging studies have shown different brain activity for
open and hidden administrations of analgesic drugs. In
fact, it has been observed that the open infusion of the anal-
gesic remifentanil (told, remifentanil, got remifentanil) in-
duced stronger analgesic effects than its hidden infusion
(told saline, got remifentanil), and these effects were asso-
ciated with activity in the dorsolateral prefrontal cortex and
pregenual anterior cingulate cortex. Interestingly, the nega-
tive expectation of drug interruption (told interruption, got
remifentanil) completely blocked the analgesic effects of
remifentanil and was associated with activity in the hip-
pocampus [54].

The implications of placebo research are not related to
clinical trials only, but to medical practice as well. In fact,
whereas we need to reduce placebo responses in the setting
of clinical trials, we want to increase them in medical prac-
tice [55]. Conversely, we need to reduce nocebo responses
both in clinical trials and in medical practice [56]. It could
be argued that today’s ethical restrictions prevent the wide-
spread use of placebos that was commonplace in ancient
times. Still, its practice is common, and physicians sur-
veyed in many countries reported using placebos to calm
patients, avert requests for unnecessary medications or as a
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supplementary treatment, thereby emphasising that place-
bo effects can be easily elicited in routine clinical practice
[8]. But from what we know today, deception is not neces-
sarily involved in the use of placebo, as shown by many re-
cent studies, in which non-deceptive (open label) placebo
administration might induce substantial clinical improve-
ments [57–59]. We have learned that anything inducing ex-

pectation of benefit (e.g., analgesia) can act as a placebo,
positively impacting on the patient’s (pain) brain circuitry.
In fact, every real treatment administered in routine health
care has two distinct components: the active constituent
and the placebo (psychosocial) factor. Every effort should
be made to enhance the latter to maximise the benefit of the
therapeutic act. This behaviour is perfectly acceptable and

Figure 3: Activation likelihood estimation (ALE) meta-analysis of brain imaging data showing the regions activated (yellow/orange) and deacti-
vated (green) during nocebo hyperalgesia. In the lower panel a 3-D reconstruction of the brain is also shown.
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does not challenge ethical imperatives. Central in the psy-
chosocial context is the patient-provider relationship, with
empathy, perceived skill, correct attitudes and words, cere-
mony and encouragement all contributing to a positive out-
come.

The reverse actions represent nocebos, and they may lessen
the effectiveness of therapeutic agents. Although the harm-
ful effect of natural situations such as the impact of neg-
ative diagnoses or the patient’s disbelief in a therapy are
sometimes difficult to circumvent, care should be given to
at least eliminate negligence and minimise distrust. Even
a seemingly innocuous act such as communicating to the
patient that a therapy is going to be interrupted can have a
negative impact, as showed by the faster and larger inten-
sity relapse of pain after open versus hidden interruption of
morphine analgesic therapy.

Prefrontal control and placebo response

A common finding across different neuroimaging studies
on placebo analgesia is the predominant activity of pre-
frontal regions such as the dorsolateral prefrontal cortex,
suggesting their crucial role in placebo responses. Data
coming from studies on patients, neuroimaging and neuro-
modulation support this idea. Since in patients affected by
Alzheimer’s disease the frontal lobes appear to be severe-
ly compromised, this neurodegenerative disorder has been
used as a model to test placebo responsiveness. Indeed, in
these patients, it has been found that placebo analgesia is
positively correlated with cognitive status and functional
connectivity between different brain areas and, converse-
ly, the more impaired the prefrontal activity the smaller
the observed placebo response [60]. More recently, it has
been shown that stronger placebo analgesia is associated
with stronger connectivity between PAG and both rACC
and DLPC [61]. Finally, in healthy volunteers, repetitive
transcranial magnetic stimulation has been used to inac-
tivate the left and right prefrontal cortex during placebo
analgesia. This prefrontal inactivation resulted in a com-
plete blockade of the placebo response [62]. Collectively,
these studies confirm that the placebo response is directly
correlated to prefrontal control: when this activity is abol-
ished, no placebo response occurs.

Conclusions

Placebo and nocebo effects are today an active and produc-
tive field of research and, because of the involvement of
many mechanisms ranging from expectation to condition-
ing and from neuromodulation to genetics, they represent
a melting pot of concepts and ideas for neuroscience. Be-
sides their role for better understanding the human brain
and more in general human biology, placebo and nocebo
effects have several implications both in medical practice
and in the setting of clinical trials.

Disclosure statement
No funding and no other potential conflict of interest relevant to this
article was reported.

References
1 Benedetti F. Placebo effects: from the neurobiological paradigm to

translational implications. Neuron. 2014;84(3):623–37. doi:
http://dx.doi.org/10.1016/j.neuron.2014.10.023. PubMed.

2 Colloca L, Barsky AJ. Placebo and nocebo effects. N Engl J Med.
2020;382(6):554–61. doi: http://dx.doi.org/10.1056/NEJMra1907805.
PubMed.

3 Finniss DG, Kaptchuk TJ, Miller F, Benedetti F. Biological, clinical,
and ethical advances of placebo effects. Lancet.
2010;375(9715):686–95. doi: http://dx.doi.org/10.1016/
S0140-6736(09)61706-2. PubMed.

4 Shaibani A, Frisaldi E, Benedetti F. Placebo response in pain, fatigue,
and performance: Possible implications for neuromuscular disorders.
Muscle Nerve. 2017;56(3):358–67. doi: http://dx.doi.org/10.1002/
mus.25635. PubMed.

5 Benedetti F, Carlino E, Piedimonte A. Increasing uncertainty in CNS
clinical trials: the role of placebo, nocebo, and Hawthorne effects.
Lancet Neurol. 2016;15(7):736–47. doi: http://dx.doi.org/10.1016/
S1474-4422(16)00066-1. PubMed.

6 Benedetti F. Placebo and the new physiology of the doctor-patient rela-
tionship. Physiol Rev. 2013;93(3):1207–46. doi: http://dx.doi.org/
10.1152/physrev.00043.2012. PubMed.

7 Benedetti F. Placebo effects, 3rd ed. Oxford: Oxford University Press,
2020.

8 Evers AWM, Colloca L, Blease C, Annoni M, Atlas LY, Benedetti F, et
al. Implications of placebo and nocebo effects for clinical practice: ex-
pert consensus. Psychother Psychosom. 2018;87(4):204–10. doi:
http://dx.doi.org/10.1159/000490354. PubMed.

9 Petrovic P, Kalso E, Petersson KM, Ingvar M. Placebo and opioid anal-
gesia-- imaging a shared neuronal network. Science.
2002;295(5560):1737–40. doi: http://dx.doi.org/10.1126/sci-
ence.1067176. PubMed.

10 Wager TD, Rilling JK, Smith EE, Sokolik A, Casey KL, Davidson RJ, et
al. Placebo-induced changes in FMRI in the anticipation and experience
of pain. Science. 2004;303(5661):1162–7. doi: http://dx.doi.org/10.1126/
science.1093065. PubMed.

11 Zunhammer M, Bingel U, Wager TD; Placebo Imaging Consortium.
Placebo Effects on the Neurologic Pain Signature: A Meta-analysis of
Individual Participant Functional Magnetic Resonance Imaging Data.
JAMA Neurol. 2018;75(11):1321–30. doi: http://dx.doi.org/10.1001/ja-
maneurol.2018.2017. PubMed.

12 Amanzio M, Benedetti F. Neuropharmacological dissection of placebo
analgesia: expectation-activated opioid systems versus conditioning-ac-
tivated specific subsystems. J Neurosci. 1999;19(1):484–94. doi:
http://dx.doi.org/10.1523/JNEUROSCI.19-01-00484.1999. PubMed.

13 Zubieta JK, Bueller JA, Jackson LR, Scott DJ, Xu Y, Koeppe RA, et al.
Placebo effects mediated by endogenous opioid activity on µ-opioid re-
ceptors. J Neurosci. 2005;25(34):7754–62. doi: http://dx.doi.org/
10.1523/JNEUROSCI.0439-05.2005. PubMed.

14 Eippert F, Bingel U, Schoell ED, Yacubian J, Klinger R, Lorenz J, et al.
Activation of the opioidergic descending pain control system underlies
placebo analgesia. Neuron. 2009;63(4):533–43. doi: http://dx.doi.org/
10.1016/j.neuron.2009.07.014. PubMed.

15 Benedetti F, Amanzio M, Rosato R, Blanchard C. Nonopioid placebo
analgesia is mediated by CB1 cannabinoid receptors. Nat Med.
2011;17(10):1228–30. doi: http://dx.doi.org/10.1038/nm.2435.
PubMed.

16 Benedetti F, Durando J, Vighetti S. Nocebo and placebo modulation of
hypobaric hypoxia headache involves the cyclooxygenase-
prostaglandins pathway. Pain. 2014;155(5):921–8. doi: http://dx.doi.org/
10.1016/j.pain.2014.01.016. PubMed.

17 Benedetti F, Dogue S. Different placebos, different mechanisms, differ-
ent outcomes: lessons for clinical trials. PLoS One.
2015;10(11):e0140967. doi: http://dx.doi.org/10.1371/jour-
nal.pone.0140967. PubMed.

18 Benedetti F, Durando J, Giudetti L, Pampallona A, Vighetti S. High-alti-
tude headache: the effects of real vs sham oxygen administration. Pain.
2015;156(11):2326–36. doi: http://dx.doi.org/10.1097/
j.pain.0000000000000288. PubMed.

19 Scott DJ, Stohler CS, Egnatuk CM, Wang H, Koeppe RA, Zubieta JK.
Individual differences in reward responding explain placebo-induced ex-
pectations and effects. Neuron. 2007;55(2):325–36. doi:
http://dx.doi.org/10.1016/j.neuron.2007.06.028. PubMed.

20 Jarcho JM, Feier NA, Labus JS, Naliboff B, Smith SR, Hong JY, et al.
Placebo analgesia: Self-report measures and preliminary evidence of
cortical dopamine release associated with placebo response. Neuroimage
Clin. 2016;10:107–14. doi: http://dx.doi.org/10.1016/j.nicl.2015.11.009.
PubMed.

21 de la Fuente-Fernández R, Ruth TJ, Sossi V, Schulzer M, Calne DB,
Stoessl AJ. Expectation and dopamine release: mechanism of the place-
bo effect in Parkinson’s disease. Science. 2001;293(5532):1164–6. doi:
http://dx.doi.org/10.1126/science.1060937. PubMed.

Review article: Biomedical intelligence Swiss Med Wkly. 2020;150:w20340

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 8 of 10

http://dx.doi.org/10.1016/j.neuron.2014.10.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25442940&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1907805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32023375&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(09)61706-2
http://dx.doi.org/10.1016/S0140-6736(09)61706-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20171404&dopt=Abstract
http://dx.doi.org/10.1002/mus.25635
http://dx.doi.org/10.1002/mus.25635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28249354&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(16)00066-1
http://dx.doi.org/10.1016/S1474-4422(16)00066-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27106073&dopt=Abstract
http://dx.doi.org/10.1152/physrev.00043.2012
http://dx.doi.org/10.1152/physrev.00043.2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23899563&dopt=Abstract
http://dx.doi.org/10.1159/000490354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29895014&dopt=Abstract
http://dx.doi.org/10.1126/science.1067176
http://dx.doi.org/10.1126/science.1067176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11834781&dopt=Abstract
http://dx.doi.org/10.1126/science.1093065
http://dx.doi.org/10.1126/science.1093065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14976306&dopt=Abstract
http://dx.doi.org/10.1001/jamaneurol.2018.2017
http://dx.doi.org/10.1001/jamaneurol.2018.2017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30073258&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.19-01-00484.1999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9870976&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.0439-05.2005
http://dx.doi.org/10.1523/JNEUROSCI.0439-05.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16120776&dopt=Abstract
http://dx.doi.org/10.1016/j.neuron.2009.07.014
http://dx.doi.org/10.1016/j.neuron.2009.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19709634&dopt=Abstract
http://dx.doi.org/10.1038/nm.2435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21963514&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2014.01.016
http://dx.doi.org/10.1016/j.pain.2014.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24462931&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0140967
http://dx.doi.org/10.1371/journal.pone.0140967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26536471&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000000288
http://dx.doi.org/10.1097/j.pain.0000000000000288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26164587&dopt=Abstract
http://dx.doi.org/10.1016/j.neuron.2007.06.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17640532&dopt=Abstract
http://dx.doi.org/10.1016/j.nicl.2015.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26759785&dopt=Abstract
http://dx.doi.org/10.1126/science.1060937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11498597&dopt=Abstract


22 de la Fuente-Fernández R, Phillips AG, Zamburlini M, Sossi V, Calne
DB, Ruth TJ, et al. Dopamine release in human ventral striatum and ex-
pectation of reward. Behav Brain Res. 2002;136(2):359–63. doi:
http://dx.doi.org/10.1016/S0166-4328(02)00130-4. PubMed.

23 Benedetti F, Colloca L, Torre E, Lanotte M, Melcarne A, Pesare M, et
al. Placebo-responsive Parkinson patients show decreased activity in
single neurons of subthalamic nucleus. Nat Neurosci. 2004;7(6):587–8.
doi: http://dx.doi.org/10.1038/nn1250. PubMed.

24 Benedetti F, Lanotte M, Colloca L, Ducati A, Zibetti M, Lopiano L.
Electrophysiological properties of thalamic, subthalamic and nigral neu-
rons during the anti-parkinsonian placebo response. J Physiol.
2009;587(15):3869–83. doi: http://dx.doi.org/10.1113/jphysi-
ol.2009.169425. PubMed.

25 Frisaldi E, Carlino E, Lanotte M, Lopiano L, Benedetti F. Characteriza-
tion of the thalamic-subthalamic circuit involved in the placebo response
through single-neuron recording in Parkinson patients. Cortex.
2014;60:3–9. doi: http://dx.doi.org/10.1016/j.cortex.2013.12.003.
PubMed.

26 Benedetti F, Frisaldi E, Carlino E, Giudetti L, Pampallona A, Zibetti M,
et al. Teaching neurons to respond to placebos. J Physiol.
2016;594(19):5647–60. doi: http://dx.doi.org/10.1113/JP271322.
PubMed.

27 Frisaldi E, Carlino E, Zibetti M, Barbiani D, Dematteis F, Lanotte M, et
al. The placebo effect on bradykinesia in Parkinson’s disease with and
without prior drug conditioning. Mov Disord. 2017;32(10):1474–8. doi:
http://dx.doi.org/10.1002/mds.27142. PubMed.

28 Leuchter AF, Cook IA, Witte EA, Morgan M, Abrams M. Changes in
brain function of depressed subjects during treatment with placebo. Am
J Psychiatry. 2002;159(1):122–9. doi: http://dx.doi.org/10.1176/ap-
pi.ajp.159.1.122. PubMed.

29 Leuchter AF, Morgan M, Cook IA, Dunkin J, Abrams M, Witte E. Pre-
treatment neurophysiological and clinical characteristics of placebo re-
sponders in treatment trials for major depression. Psychopharmacology
(Berl). 2004;177(1-2):15–22. doi: http://dx.doi.org/10.1007/
s00213-004-1919-2. PubMed.

30 Mayberg HS, Silva JA, Brannan SK, Tekell JL, Mahurin RK, McGinnis
S, et al. The functional neuroanatomy of the placebo effect. Am J Psy-
chiatry. 2002;159(5):728–37. doi: http://dx.doi.org/10.1176/ap-
pi.ajp.159.5.728. PubMed.

31 Faria V, Appel L, Åhs F, Linnman C, Pissiota A, Frans Ö, et al. Amyg-
dala subregions tied to SSRI and placebo response in patients with so-
cial anxiety disorder. Neuropsychopharmacology.
2012;37(10):2222–32. doi: http://dx.doi.org/10.1038/npp.2012.72.
PubMed.

32 Faria V, Åhs F, Appel L, Linnman C, Bani M, Bettica P, et al. Amyg-
dala-frontal couplings characterizing SSRI and placebo response in so-
cial anxiety disorder. Int J Neuropsychopharmacol. 2014;17(8):1149–57.
doi: http://dx.doi.org/10.1017/S1461145714000352. PubMed.

33 Wendt L, Albring A, Schedlowski M. Learned placebo responses in neu-
roendocrine and immune functions. Handb Exp Pharmacol.
2014;225:159–81. doi: http://dx.doi.org/10.1007/
978-3-662-44519-8_10. PubMed.

34 Tekampe J, van Middendorp H, Meeuwis SH, van Leusden JW,
Pacheco-López G, Hermus AR, et al. Conditioning immune and en-
docrine parameters in humans: a systematic review. Psychother Psycho-
som. 2017;86(2):99–107. doi: http://dx.doi.org/10.1159/000449470.
PubMed.

35 Tekampe J, van Middendorp H, Sweep FCGJ, Roerink SHPP, Hermus
ARMM, Evers AWM. Human pharmacological conditioning of the im-
mune and endocrine system: challenges and opportunities. Int Rev Neu-
robiol. 2018;138:61–80. doi: http://dx.doi.org/10.1016/
bs.irn.2018.01.002. PubMed.

36 Hadamitzky M, Sondermann W, Benson S, Schedlowski M. Placebo ef-
fects in the immune system. Int Rev Neurobiol. 2018;138:39–59. doi:
http://dx.doi.org/10.1016/bs.irn.2018.01.001. PubMed.

37 Goebel MU, Trebst AE, Steiner J, Xie YF, Exton MS, Frede S, et al. Be-
havioral conditioning of immunosuppression is possible in humans.
FASEB J. 2002;16(14):1869–73. doi: http://dx.doi.org/10.1096/
fj.02-0389com. PubMed.

38 Benedetti F, Pollo A, Lopiano L, Lanotte M, Vighetti S, Rainero I. Con-
scious expectation and unconscious conditioning in analgesic, motor,
and hormonal placebo/nocebo responses. J Neurosci.
2003;23(10):4315–23. doi: http://dx.doi.org/10.1523/JNEU-
ROSCI.23-10-04315.2003. PubMed.

39 Hall KT, Loscalzo J, Kaptchuk TJ. Genetics and the placebo effect: the
placebome. Trends Mol Med. 2015;21(5):285–94. doi: http://dx.doi.org/
10.1016/j.molmed.2015.02.009. PubMed.

40 Hall KT, Loscalzo J, Kaptchuk T. Pharmacogenomics and the placebo
response. ACS Chem Neurosci. 2018;9(4):633–5. doi: http://dx.doi.org/
10.1021/acschemneuro.8b00078. PubMed.

41 Colloca L, Wang Y, Martinez PE, Chang YC, Ryan KA, Hodgkinson C,
et al. OPRM1 rs1799971, COMT rs4680, and FAAH rs324420 genes in-
teract with placebo procedures to induce hypoalgesia. Pain.
2019;160(8):1824–34. doi: http://dx.doi.org/10.1097/
j.pain.0000000000001578. PubMed.

42 Furmark T, Appel L, Henningsson S, Åhs F, Faria V, Linnman C, et al.
A link between serotonin-related gene polymorphisms, amygdala activi-
ty, and placebo-induced relief from social anxiety. J Neurosci.
2008;28(49):13066–74. doi: http://dx.doi.org/10.1523/JNEU-
ROSCI.2534-08.2008. PubMed.

43 Leuchter AF, McCracken JT, Hunter AM, Cook IA, Alpert JE.
Monoamine oxidase a and catechol-o-methyltransferase functional poly-
morphisms and the placebo response in major depressive disorder. J
Clin Psychopharmacol. 2009;29(4):372–7. doi: http://dx.doi.org/
10.1097/JCP.0b013e3181ac4aaf. PubMed.

44 Hall KT, Lembo AJ, Kirsch I, Ziogas DC, Douaiher J, Jensen KB, et al.
Catechol-O-methyltransferase val158met polymorphism predicts place-
bo effect in irritable bowel syndrome. PLoS One. 2012;7(10):e48135.
doi: http://dx.doi.org/10.1371/journal.pone.0048135. PubMed.

45 Benedetti F, Frisaldi E, Barbiani D, Camerone E, Shaibani A. Nocebo
and the contribution of psychosocial factors to the generation of pain. J
Neural Transm (Vienna). 2020;127(4):687–96. doi: http://dx.doi.org/
10.1007/s00702-019-02104-x. PubMed.

46 Benedetti F, Amanzio M, Casadio C, Oliaro A, Maggi G. Blockade of
nocebo hyperalgesia by the cholecystokinin antagonist proglumide.
Pain. 1997;71(2):135–40. doi: http://dx.doi.org/10.1016/
S0304-3959(97)03346-0. PubMed.

47 Benedetti F, Amanzio M, Vighetti S, Asteggiano G. The biochemical
and neuroendocrine bases of the hyperalgesic nocebo effect. J Neurosci.
2006;26(46):12014–22. doi: http://dx.doi.org/10.1523/JNEU-
ROSCI.2947-06.2006. PubMed.

48 Amanzio M, Corazzini LL, Vase L, Benedetti F. A systematic review of
adverse events in placebo groups of anti-migraine clinical trials. Pain.
2009;146(3):261–9. doi: http://dx.doi.org/10.1016/j.pain.2009.07.010.
PubMed.

49 Rief W, Nestoriuc Y, von Lilienfeld-Toal A, Dogan I, Schreiber F, Hof-
mann SG, et al. Differences in adverse effect reporting in placebo
groups in SSRI and tricyclic antidepressant trials: a systematic review
and meta-analysis. Drug Saf. 2009;32(11):1041–56. doi:
http://dx.doi.org/10.2165/11316580-000000000-00000. PubMed.

50 Frisaldi E, Shaibani A, Benedetti F. Why we should assess patients’ ex-
pectations in clinical trials. Pain Ther. 2017;6(1):107–10. doi:
http://dx.doi.org/10.1007/s40122-017-0071-8. PubMed.

51 Colloca L, Lopiano L, Lanotte M, Benedetti F. Overt versus covert treat-
ment for pain, anxiety, and Parkinson’s disease. Lancet Neurol.
2004;3(11):679–84. doi: http://dx.doi.org/10.1016/
S1474-4422(04)00908-1. PubMed.

52 Benedetti F, Carlino E, Pollo A. Hidden administration of drugs. Clin
Pharmacol Ther. 2011;90(5):651–61. doi: http://dx.doi.org/10.1038/
clpt.2011.206. PubMed.

53 Amanzio M, Pollo A, Maggi G, Benedetti F. Response variability to
analgesics: a role for non-specific activation of endogenous opioids.
Pain. 2001;90(3):205–15. doi: http://dx.doi.org/10.1016/
S0304-3959(00)00486-3. PubMed.

54 Bingel U, Wanigasekera V, Wiech K, Ni Mhuircheartaigh R, Lee MC,
Ploner M, 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. doi: http://dx.doi.org/10.1126/sci-
translmed.3001244. PubMed.

55 Enck P, Bingel U, Schedlowski M, Rief W. The placebo response in
medicine: minimize, maximize or personalize? Nat Rev Drug Discov.
2013;12(3):191–204. doi: http://dx.doi.org/10.1038/nrd3923. PubMed.

56 Bingel U; Placebo Competence Team. Avoiding nocebo effects to opti-
mize treatment outcome. JAMA. 2014;312(7):693–4. doi:
http://dx.doi.org/10.1001/jama.2014.8342. PubMed.

57 Colloca L, Howick J. Placebos without deception: outcomes, mecha-
nisms, and ethics. Int Rev Neurobiol. 2018;138:219–40. doi:
http://dx.doi.org/10.1016/bs.irn.2018.01.005. PubMed.

58 Kaptchuk TJ. Open-label placebo: reflections on a research agenda. Per-
spect Biol Med. 2018;61(3):311–34. doi: http://dx.doi.org/10.1353/
pbm.2018.0045. PubMed.

59 Guevarra DA, Moser JS, Wager TD, Kross E. Placebos without decep-
tion reduce self-report and neural measures of emotional distress. Nat
Commun. 2020;11(1):3785. doi: http://dx.doi.org/10.1038/
s41467-020-17654-y. PubMed.

Review article: Biomedical intelligence Swiss Med Wkly. 2020;150:w20340

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 9 of 10

http://dx.doi.org/10.1016/S0166-4328(02)00130-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12429397&dopt=Abstract
http://dx.doi.org/10.1038/nn1250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15146189&dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2009.169425
http://dx.doi.org/10.1113/jphysiol.2009.169425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19546163&dopt=Abstract
http://dx.doi.org/10.1016/j.cortex.2013.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24457096&dopt=Abstract
http://dx.doi.org/10.1113/JP271322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26861164&dopt=Abstract
http://dx.doi.org/10.1002/mds.27142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28895186&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.159.1.122
http://dx.doi.org/10.1176/appi.ajp.159.1.122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11772700&dopt=Abstract
http://dx.doi.org/10.1007/s00213-004-1919-2
http://dx.doi.org/10.1007/s00213-004-1919-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15252704&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.159.5.728
http://dx.doi.org/10.1176/appi.ajp.159.5.728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11986125&dopt=Abstract
http://dx.doi.org/10.1038/npp.2012.72
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22617357&dopt=Abstract
http://dx.doi.org/10.1017/S1461145714000352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24666527&dopt=Abstract
http://dx.doi.org/10.1007/978-3-662-44519-8_10
http://dx.doi.org/10.1007/978-3-662-44519-8_10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25304532&dopt=Abstract
http://dx.doi.org/10.1159/000449470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28183096&dopt=Abstract
http://dx.doi.org/10.1016/bs.irn.2018.01.002
http://dx.doi.org/10.1016/bs.irn.2018.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29681335&dopt=Abstract
http://dx.doi.org/10.1016/bs.irn.2018.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29681334&dopt=Abstract
http://dx.doi.org/10.1096/fj.02-0389com
http://dx.doi.org/10.1096/fj.02-0389com
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12468450&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.23-10-04315.2003
http://dx.doi.org/10.1523/JNEUROSCI.23-10-04315.2003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12764120&dopt=Abstract
http://dx.doi.org/10.1016/j.molmed.2015.02.009
http://dx.doi.org/10.1016/j.molmed.2015.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25883069&dopt=Abstract
http://dx.doi.org/10.1021/acschemneuro.8b00078
http://dx.doi.org/10.1021/acschemneuro.8b00078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29498823&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000001578
http://dx.doi.org/10.1097/j.pain.0000000000001578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31335650&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.2534-08.2008
http://dx.doi.org/10.1523/JNEUROSCI.2534-08.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19052197&dopt=Abstract
http://dx.doi.org/10.1097/JCP.0b013e3181ac4aaf
http://dx.doi.org/10.1097/JCP.0b013e3181ac4aaf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19593178&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0048135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23110189&dopt=Abstract
http://dx.doi.org/10.1007/s00702-019-02104-x
http://dx.doi.org/10.1007/s00702-019-02104-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758266&dopt=Abstract
http://dx.doi.org/10.1016/S0304-3959(97)03346-0
http://dx.doi.org/10.1016/S0304-3959(97)03346-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9211474&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.2947-06.2006
http://dx.doi.org/10.1523/JNEUROSCI.2947-06.2006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17108175&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2009.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19781854&dopt=Abstract
http://dx.doi.org/10.2165/11316580-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19810776&dopt=Abstract
http://dx.doi.org/10.1007/s40122-017-0071-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28477082&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(04)00908-1
http://dx.doi.org/10.1016/S1474-4422(04)00908-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15488461&dopt=Abstract
http://dx.doi.org/10.1038/clpt.2011.206
http://dx.doi.org/10.1038/clpt.2011.206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21993425&dopt=Abstract
http://dx.doi.org/10.1016/S0304-3959(00)00486-3
http://dx.doi.org/10.1016/S0304-3959(00)00486-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11207392&dopt=Abstract
http://dx.doi.org/10.1126/scitranslmed.3001244
http://dx.doi.org/10.1126/scitranslmed.3001244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21325618&dopt=Abstract
http://dx.doi.org/10.1038/nrd3923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23449306&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.8342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25003609&dopt=Abstract
http://dx.doi.org/10.1016/bs.irn.2018.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29681327&dopt=Abstract
http://dx.doi.org/10.1353/pbm.2018.0045
http://dx.doi.org/10.1353/pbm.2018.0045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30293971&dopt=Abstract
http://dx.doi.org/10.1038/s41467-020-17654-y
http://dx.doi.org/10.1038/s41467-020-17654-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32728026&dopt=Abstract


60 Benedetti F, Arduino C, Costa S, Vighetti S, Tarenzi L, Rainero I, et al.
Loss of expectation-related mechanisms in Alzheimer’s disease makes
analgesic therapies less effective. Pain. 2006;121(1):133–44. doi:
http://dx.doi.org/10.1016/j.pain.2005.12.016. PubMed.

61 Stein N, Sprenger C, Scholz J, Wiech K, Bingel U. White matter integri-
ty of the descending pain modulatory system is associated with in-
terindividual differences in placebo analgesia. Pain.

2012;153(11):2210–7. doi: http://dx.doi.org/10.1016/
j.pain.2012.07.010. PubMed.

62 Krummenacher P, Candia V, Folkers G, Schedlowski M, Schönbächler
G. Prefrontal cortex modulates placebo analgesia. Pain.
2010;148(3):368–74. doi: http://dx.doi.org/10.1016/j.pain.2009.09.033.
PubMed.

Review article: Biomedical intelligence Swiss Med Wkly. 2020;150:w20340

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 10 of 10

http://dx.doi.org/10.1016/j.pain.2005.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16473462&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2012.07.010
http://dx.doi.org/10.1016/j.pain.2012.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22959599&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2009.09.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19875233&dopt=Abstract

