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Abstract

Placebo and nocebo effects are essential components of medical practice and

efficacy research, and can be regarded as a special case of context learning. A

fundamental function of the central nervous system is to configure the way in

which previous learned context becomes linked to corresponding responses.

These responses could be either automatic procedures with little flexibility or

highly adaptive procedures modified by associated contexts and consequences.

Placebo and nocebo effects may represent a typical example of the combination

of the two: conditioning effect, which is an inflexible, instinctual, and automatic

response, and cognitive expectancy effect, which is a flexible adaptive response

modified by prevailing conscious context. Given the fact that contextual learning

originates in the brain, neuroimaging tools have been widely used to study
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placebo and nocebo effects. In addition, pretest resting state fMRI may be a

valuable biomarker to predict placebo responses.
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1 Unconscious Conditioning and Conscious Cognitive
Expectancy

A fundamental function of the central nervous system is to configure the way in

which perceived information becomes linked to corresponding responses and

meaningful experiences (Mesulam 1998; Lewis et al. 2009). These responses

could be either automatic procedures with little flexibility or highly adaptive

procedures modified by associated contexts and consequences.

The automatic process is fast and instinctual, but it restricts the range of events

and tends to be inflexible. Inflexible bonds between incoming information and

subsequent responses lead to instinctual and automatic behaviors that are resistant

to change, even when faced by negative consequences. For instance, a study has

shown that frogs whose optic nerve has been cut and allowed to fully regenerate

after a 180� rotation of the eye can only snap at mud and moss on the ground when a

fly was presented above the head (Mesulam 1998). Although human beings are less

vulnerable to the emergence of such inflexible patterns, recent studies have shown

that under certain circumstances, our actions can be initiated without conscious

awareness of the goals to be attained or their motivating effect on our behavior

(Custers and Aarts 2010). For instance, biased decisions may occur without con-

scious processing of contextual cues (Pessiglione et al. 2008). These findings imply

that automatic instinctual processes still exist in human beings and influence our

behavior.

The adaptive process, allowing for modifications and flexibility, exists only in

advanced mammals. One of the most fundamental features of the human brain is

that it does not passively analyze incoming information from the outside world;

rather, it actively maintains ongoing representations and prior experiences, which

can significantly sculpt neural responses to subsequent events (Mesulam 1998;

Lewis et al. 2009).

Placebo and nocebo effects may represent a typical example of the combination

of the two: conditioning effect, which is an inflexible, instinctual, and automatic

response, and cognitive expectancy effect, which is a flexible adaptive response

modified by prevailing conscious context. Taking our response to pain after placebo

treatment as an example, the final effect may depend on both automatic condition-

ing responses and cognitive modulation based on previous knowledge and experi-

ence. The latter may modulate our pain experience during different states, including
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anticipation, pain experience, and posttreatment evaluation (Kong et al. 2007;

Amanzio et al. 2013).

Benedetti et al. (2003) systematically investigated the relationship between the

conditioning and cognitive expectancy in both healthy and patient populations.

They found that verbally induced expectations of analgesia or hyperalgesia

(in healthy subjects) and motor improvement or impairment (in Parkinsonian

patients) completely antagonized the effects of a conditioning procedure. In addi-

tion, they also measured the effects of opposite verbal suggestions (i.e., verbal cues

that suggest an opposite physiological response) on hormonal secretion. Results

showed that verbally induced expectations of an increase or decrease in the level of

growth hormone (GH) and cortisol did not have any effect on the secretion of these

hormones. However, when a preconditioning procedure was performed with suma-

triptan, a 5-HT1B/1D agonist that stimulates GH and inhibits cortisol secretion, a

significant increase in GH and decrease in cortisol plasma concentrations were

found after placebo administration, despite the opposite verbal suggestions were

given. These findings suggests that placebo responses are mediated by conditioning

when unconscious physiological functions, such as hormonal secretion, are

involved, whereas they are mediated by expectation when conscious physiological

processes, such as pain and motor performance, come into play, even though a

conditioning procedure is performed.

Jensen and Karoly (2012) assessed whether a conditioning paradigm, using two

similar, but not identical, facial cues during high and low pain, could induce

placebo and nocebo responses with and without conscious awareness of the faces

in two experiments in healthy subjects. The results showed significant placebo and

nocebo effects using both clearly visible stimuli and nonconscious stimuli,

indicating that even for conscious physiological processes, such as pain processing,

the placebo and nocebo effects can operate without conscious awareness of the

triggering cues. Interestingly, in this study, the data also showed that although the

nocebo hyperalgesia effects evoked by both supraliminal and subliminal cues are

comparable, placebo analgesia evoked by supraliminal cues is more robust than the

placebo analgesia evoked by subliminal cues. We speculate that this may be

associated with damage and risk avoidance of nocebo effect, which is important

for survival. Thus, the unconscious, automatic response may have been more

important for survival than the conscious, flexible responses, which may be a

response that has developed during evolution.

Based on the results presented above, it seems that both placebo and nocebo

effects involve unconscious, automatic conditioning and conscious cognitive mod-

ulation of expectation. The latter may be unique to human beings, and it can either

enhance or eliminate the automatic conditioning effects depending on the specific

context and outcome measurements. The resulting behavioral response is the

combination of the two effects.

We believe that future studies should be focused on the following questions:

(1) What happens in the clinical setting? Is cognitive expectancy more important

than unconscious conditioning, or vice versa? Both placebo and nocebo effects are

clinical phenomena; the environment and context associated with each patient is
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complex and unique; thus, we can imagine that there are multiple formulas/

proportions of different components. (2) What are the mechanisms of placebo

and nocebo effects in the clinical setting? How can different conditioning

experiences, particularly different pharmacological conditioning experiences,

shape various pathways to produce placebo and nocebo effects (Amanzio and

Benedetti 1999)? Are there any common mechanisms for different disorders?

2 Brain Imaging Studies of Placebo and Nocebo Effects

Given the fact that cognitive modulation/contextual learning originates in the brain,

investigators started applying neuroimaging tools to study placebo and nocebo

effects about one decade ago. With the development of advanced imaging

techniques such as functional magnetic resonance imaging (fMRI), positron emis-

sion tomography (PET), and high-resolution EEG system, our understanding of

placebo and nocebo effects has been greatly enhanced. 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

methods allow us to investigate neural events as dynamic processes within the brain

and spinal cord. Both the spatial and temporal aspects of neural activity underlying

placebo and nocebo effects can now be explored. Technical advances in PET

imaging not only provide tools for investigating brain metabolism, blood flow

changes, and other nonselective markers of neural activity, but also to investigate

whole brain determinants of specific receptor-binding distributions in fully con-

scious humans. Such progress enables us to indirectly assess neurotransmitter

changes associated with placebo analgesia. For instance, it allows us to indirectly

measure the release of endogenous opioids in the brain.

Previous studies provide solid evidence that placebo treatment can significantly

change outcome measurements. For instance, subjective pain intensity ratings have

been shown to be reduced after placebo treatment in studies of placebo analgesia

(Benedetti 2008; Benedetti et al. 2005; Kong et al. 2007). However, the

mechanisms underlying these effects are far from apparent. A key question left

unanswered concerns how and why the outcome measurements are reduced. Is it

due to subjects’ response bias or desire to please the experimenter, as suggested by

some researchers (Hrobjartsson and Gotzsche 2001; Tedeschi et al. 1971; Cleophas

1995), or because biological changes happen after the placebo treatment, as for drug

effects, or a combination of both?

Brain imaging tools hold the potential to resolve these questions. Using placebo

treatment of pain as an example, previous studies suggest that brain regions

including the thalamus, secondary somatosensory cortex (S2), insula, primary

somatosensory cortex (S1), and anterior cingulate cortex (ACC) may be associated

with the encoding of different pain intensity levels (Coghill et al. 1999; Bornhovd

et al. 2002; Buchel et al. 2002; Alkire et al. 2004; Kong et al. 2006b, 2010a). Thus,

we might reason that for post-placebo treatment, decreased brain activity in these

regions indicates reduced incoming noxious information. In fact, under certain
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circumstances, brain imaging studies have begun to attest this very notion (Wager

et al. 2004). This is just one example of how placebo treatment might be

conceptualized through neurobiology. We believe that in order to fully understand

placebo and nocebo phenomena, all contributions to outcome measurement

changes should be properly acknowledged and investigated (Kong et al. 2007;

Amanzio et al. 2013).

The literature on the placebo and nocebo effect is rich (see other related reviews

for more details: Hrobjartsson and Gotzsche 2001; Hoffman et al. 2005; Kong

et al. 2007; Finniss et al. 2010; Miller et al. 2009; Miller and Kaptchuk 2008;

Barsky et al. 2002; Enck et al. 2008). In the next sections we will focus on several

topics that may be helpful for understanding a complete picture of placebo

treatment.

3 Reward System and Placebo Effect

Expectation is a critical component of all medical care and represents an important

dimension of the “non-pharmacological component of pharmaceuticals” (Finniss

et al. 2010; Benedetti 2008). In recent years, investigators have attempted to link

positive expectancy to the reward system by reasoning that symptom reduction

(decreased suffering) can be regarded as a special case of reward (de la Fuente-

Fernandez et al. 2001, 2002; Scott et al. 2007, 2008; Leknes et al. 2011).

In an early study of placebo effects in patients with Parkinson’s disease,

investigators (de la Fuente-Fernandez et al. 2001, 2002) found that dopamine

release increased in the ventral striatum (a key region in the reward system),

suggesting the reward system association with expectations of improvement. In a

subsequent study, Scott et al. (2007) found that dopamine release from the nucleus

accumbens, observed during placebo administration, was related to its anticipated

effects, perception-anticipation incongruity, and subsequent placebo effects. In a

more recent morphometry study, Schweinhardt et al. (2009) found that dopamine-

related traits can predict a substantial portion of the pain relief and individual gains

from a sham treatment: the magnitude of placebo analgesia was correlated to gray

matter density in the ventral striatum. In a more recent study, Yu and colleagues

found that combining the resting state regional coherence at ventral striatum,

Catechol-O-methyl transferase (COMT) and dopamine-related traits can be used

to predict placebo response (Yu et al. 2014). The ventral striatum (nucleus

accumbens) is also involved in placebo effects in anxiety (Petrovic et al. 2005),

depression (Mayberg et al. 2002), psychotropic drug use (methylphenidate)

(Volkow et al. 2003), and expectancy modulation of cue conditioning (Atlas

et al. 2010). This involvement of the ventral striatum across multiple placebo

conditions/modalities indicates that reward may represent a fundamental element

of expectancy.
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4 Endogenous Opioids and Placebo Analgesia

Placebo analgesia effect is one of the most robust and well-studied placebo effects.

Although the dopamine reward system may play a role in placebo effects, most of

the studies indicate the endogenous opioids and the pain descending modulatory

network as the main mechanism in placebo analgesia (Zubieta et al. 2005; Scott

et al. 2008; Wager et al. 2007; Eippert et al. 2009).

As the most studied pain modulatory mechanism for pain, the descending pain

control system includes the periaqueductal gray (PAG), the rostral ventromedial

medulla (RVM), frontal gyrus, anterior cingulate cortex, hypothalamus, and amyg-

dala (Fields 2004; Kong et al. 2010b). PET studies have found significant μ-opioid
binding potential changes after placebo treatment as compared with control condi-

tion (Zubieta et al. 2005; Scott et al. 2008; Wager et al. 2007), providing direct

evidence of involvement of the endogenous opioid system.

In addition, fMRI studies (Wager et al. 2004; Price et al. 2007; Eippert

et al. 2009) also found observable fMRI signal decreases in the brain’s “pain

matrix” as well as a decreased subjective pain experience, which provide direct

evidence of the descending control system. Nevertheless, not all studies have found

significant fMRI signal decrease in pain-related brain regions. In a previous study,

Kong et al. (2006a) found significant fMRI signal increase in brain regions such as

rostral ACC and anterior insula, but no significant fMRI signal decrease when

comparing placebo treatment with controls, which suggest that other mechanisms

such as emotion modulation may also be involved in placebo analgesia.

Despite some differences in previous studies, the results presented above may

not be contradictory, as individual differences in detailed experimental paradigms

may also underlie these differences. For instance, in our previous study (Kong

et al. 2006a), the pain stimuli sequences after treatment were applied alternately

between the placebo-treated side and untreated control side. Since opioid effects

may be long lasting, as opioid activation can trigger naloxone insensitive analgesia

that extends beyond the original opioid response (Atlas and Wager 2012), a method

of applying stimuli on alternate sides (placebo and control) may not be sensitive to

detect the opioid effects.

In addition, in three of the previous placebo analgesia studies (Wager et al. 2004;

Price et al. 2007; Eippert et al. 2009) that reported an attenuation of brain activity in

the pain matrix for reported analgesia, the authors used a relatively long duration of

pain stimuli (20–30 s) as compared to the study by Kong et al. (2006a) that used

pain stimuli lasting about 10 s. Their results confirm that the decreases in fMRI

signal during the placebo condition (compared to the control condition) were

mainly observed in a later phase of the pain stimulation. For example, Eippert

et al. (2009) found a significant group-by-condition interaction during late pain (last

10 s), but not during early pain (first 10 s). Interestingly, they also found that

naloxone could significantly reduce neural placebo effects, but only during late

pain, not the early pain, implying that other mechanisms may be involved placebo

analgesia. Indeed, a recent study shows that the endocannabinoid system could be

involved under some circumstances (Benedetti et al. 2011).
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In addition, one cue-expectancy study (Atlas et al. 2010) found that similar to

placebo analgesia and nocebo hyperalgesia, significant fMRI signal decreases in

pain-related brain regions and significant decreases in subjective pain intensity

ratings were observed when subjects expected a low intensity pain as compared

with control conditions. The rapid shifts of different predictive cues require any

modulatory mechanism to be transient and reversible, due to the long-lasting effects

of opioids in the brain; it is unlikely that endogenous opioid mechanisms are

involved in cue modulation effects (Atlas and Wager 2012).

In summary, it appears that multiple brain mechanisms are involved in placebo

analgesia, and that both subjective pain intensity rating reduction and fMRI signal

reduction in pain-related brain region may happen without the involvement of

endogenous opioids (Tracey 2010; Benedetti et al. 2011). Future research should

focus on how to dissociate these different pain modulation mechanisms.

5 Do Placebo and Nocebo Share the Same Network?

A significant proportion of clinical improvement following different therapies,

especially for subjective symptom outcomes, is directly attributable to placebo

effects (Kaptchuk 2002), whereas a significant proportion of adverse events to

medications is represented by nocebo effects (Amanzio et al. 2009; Barsky

et al. 2002). Therefore, understanding similarities and differences in the

mechanisms of placebo and nocebo effects represents an important challenge for

future research.

Benedetti et al. (1997) found that nocebo hyperalgesia is mediated by cholecys-

tokinin. In a brain imaging study, Kong et al. (2008) found that nocebo hyperalgesia

may be predominantly produced through an affective-cognitive pain pathway

(medial pain system), and the hippocampus may play an important role in this

process. In a subsequent study that investigated the influence of expectancy on the

analgesic effect of remifentanil, Bingel et al. (2011) also found that the positive

expectancy effects were associated with activity in the endogenous pain modulatory

system, and the negative expectancy effects with activity in the hippocampus,

suggesting different mechanisms underlying placebo and nocebo effects. In a

PET study, Scott et al. (2008) found an overlapping network including the anterior

cingulate, orbitofrontal and insular cortex, nucleus accumbens, and amygdale,

suggesting a similar mechanism of placebo analgesia and nocebo hyperalgesia.

Future studies that directly compare the placebo and nocebo effects using the same

cohort of subjects will help provide a general model of how different expectancies

can modulate brain responses.

Placebo and Nocebo Effects: An Introduction to Psychological and Biological. . . 9



6 Additive Effect of Placebo and Real Treatment

Evidence-based medicine relies on the placebo-controlled randomized clinical trial

(RCT) to distinguish the effects of an active (verum/genuine) pharmacological

agent or procedure from the effects of a mimicking placebo treatment. Both for

biomedicine and for complementary and alternative medicine (CAM), detecting

this difference has become a challenge, especially for subjective outcomes.

The prevailing model for understanding verum-placebo differences has been the

“additive model” (Kirsch 2000). This model presupposes that the placebo effect in

the treatment and placebo arms of an RCT are of equivalent magnitude and that one

can simply subtract the magnitude of the placebo response from the medication

response to determine the presence (or absence) of verum effects. The possibility

that under different conditions the pharmacological and placebo effects could act

differentially in the two arms of a RCT is rejected a priori (Kleijnen et al. 1994;

Kirsch 1999). Alternatively, it is possible that drug and placebo effects interact

(Kirsch 1999). The possibility that placebo-induced expectancies might modify the

drug effect (i.e., the difference between the drug response and the placebo response)

has received insufficient attention. Recently, brain imaging has started shedding

new light on this field.

Kong et al. (2009b) investigated how expectancy can modulate acupuncture

treatment effects using a conditioning-like expectancy manipulation paradigm. The

results indicate that expectancy can significantly modulate the analgesic effect of

acupuncture treatment in both subjective pain rating changes and fMRI signal

changes. In addition, it was found that, although verum acupuncture and sham

acupuncture induced subjective reports of analgesia of equal magnitudes, fMRI

analysis showed that (1) verum acupuncture produced greater fMRI signal

decreases in pain-related brain regions during the application of calibrated heat

pain stimuli on the right arm and (2) high expectancy produced greater fMRI signal

changes in emotion-related brain regions.

Using a conditioning-like expectancy manipulation model, Bingel et al. (2011)

investigated how different expectancies can modulate the analgesic effect of a

potent opioid, remifentanil, using fMRI. The effect of a fixed concentration of the

μ-opioid agonist remifentanil on constant heat pain was assessed under three

experimental conditions using a within-subject design: with no expectation of

analgesia, with expectancy of a positive analgesic effect, and with negative expec-

tancy of analgesia (i.e., expectation of hyperalgesia or exacerbation of pain).

Results showed that positive treatment expectancy can significantly enhance the

analgesic benefit of remifentanil; at the same time, negative treatment expectancy

abolished remifentanil analgesia effect. Brain imaging results also showed that the

positive expectancy effects were associated with activity in the endogenous pain

modulatory system, and the negative expectancy effects with activity in the

hippocampus.

In another study, Atlas et al. (2012) also investigated the influence of expectancy

on remifentanil. Two experiments were performed, and in both experiments

remifentanil (or placebo treatment) was administered to all subjects during
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experimental thermal pain. Results showed that remifentanil and expectancy both

reduced pain, but drug effects on pain reports and fMRI activity did not interact

with expectancy. Regions associated with pain processing showed drug-induced

modulation during both open (expected) and hidden (unexpected) administrations,

with no differences in drug effects as a function of expectation. These findings

suggest that remifentanil and placebo treatments both influence clinically relevant

outcomes and operate without mutual interference.

In a more recent verbal suggestion balanced placebo study using a topical

analgesic treatment (lidocaine), Schenk et al. (2014) investigated the interaction

between lidocaine and expectancy with a clinical pain-related model (capsaicin

pretreated skin) in healthy subjects. They found that active treatment can signifi-

cantly reduce the pain rating as compared with placebo treatment, while the main

expectancy effect (open administration compared with hidden administration) is

not significant. However, unlike Atlas et al. (2012), they found a significant

interaction between treatment and expectancy. In two lidocaine groups, open

administration showed significantly greater pain rating reduction than hidden

administration, but there was no significant difference between open and hidden

administration of placebo treatment.

The inconsistent results may derive from different reasons: (1) different ways of

manipulating expectancy, e.g., verbal suggestion vs. a more powerful conditioning-

like procedure (Colloca et al. 2008; Wager et al. 2004; Kong et al. 2013b). (2) Dif-

ferent active treatment modalities (remifentanil, lidocaine, and acupuncture). Taken

together, these results suggest that the effect of expectancy on treatment outcome

may depend on the strength of the expectancy manipulation, the treatment modal-

ity, and the status of the participants (subjects vs. patients).

7 Predicting Placebo Responses

Given the high impact of the placebo response in medical practice and research,

predicting placebo responses has always been an abstractive topic to placebo

researchers. In recent years, investigators started applying imaging tools to predict

placebo responses (Honey et al. 2008; Wager et al. 2011; Hashmi et al. 2012, 2014;

Kong et al. 2013a; Yu et al. 2014). In a previous study, Wager et al. (2011) found

that increased anticipatory activity in a frontoparietal network and decreases in a

posterior insular/temporal network predicted placebo analgesia. During pain,

decreases in limbic and paralimbic regions, not the pain-associated brain region,

most strongly predicted placebo analgesia. These results indicate that enhancement

of emotional appraisal circuits may be responsible for individual variation in

placebo analgesia, rather than early suppression of nociceptive processing.

Ideally, a clinical applicable marker to predict placebo response should be a

measurement applied before the treatment started. The pretest resting state func-

tional connectivity has the potential to be used as a marker. In a previous study,

Kong et al. (2013a, b) found that pretest resting state functional connectivity

between the right frontoparietal network (as identified by independent component
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analysis) and the rostral anterior cingulate cortex/medial prefrontal cortex was

positively associated with conditioning cue effects indicated by pain rating

changes. In another study (Yu et al. 2014), it was found that the regional homoge-

neity (ReHo), an index of local neural coherence, in the ventral striatum, was

significantly associated with conditioning effects on pain rating changes evoked

by placebo visual cue. It was also found that the number of Met alleles at the COMT

polymorphism was linearly correlated to the suppression of pain. These findings

demonstrate the potential of combining resting state connectivity and genetic

information to predict placebo effect. In the same study, personality was also

found to represent a possible predictor. In another recent study (Hashmi

et al. 2014), it was found that the efficiency of information transfer within local

networks calculated with graph-theoretic measures (local efficiency and clustering

coefficients) significantly predicted conditioned analgesia in older patients with

knee Osteoarthritis.

Taking together, resting state functional connectivity holds the potential to

predict placebo response. Nevertheless, we have to interpret the above results

with caution, and independent replication of these studies is needed before we

can draw solid conclusions.

Conclusions

In summary, both unconscious learning mechanisms and conscious expectancies

can be involved in placebo and nocebo effects, particularly placebo analgesia

and nocebo hyperalgesia. When expectancy is enhanced, it holds the potential to

significantly enhance or overcome the real treatment effect. Appropriate appli-

cation of the power of both learning and expectancy may provide new pathway

to promote good therapeutic outcomes. In addition, brain imaging measurements

may be applied as a potential marker to predict placebo responses, with profound

implications for clinical trials.
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