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Abstract

Pharmacological strategies for pain management have primarily focused on dampening ascending 

neurotransmission and on opioid receptor-mediated therapies. Little is known about the 

contribution of endogenous descending modulatory systems to clinical pain outcomes and why 

some patients are mildly affected while others suffer debilitating pain-induced dysfunctions. 

Placebo effects that arise from patients’ positive expectancies and the underlying endogenous 

modulatory mechanisms may in part account for the variability in pain experience and severity, 

adherence to treatment, distinct coping strategies, and chronicity. Expectancy-induced analgesia 

and placebo effects in general have emerged as useful models to assess individual endogenous 

pain modulatory systems. Different systems and mechanisms trigger placebo effects that highly 

impact pain processing, clinical outcomes, and sense of well-being. This review illustrates critical 

elements of placebo mechanisms that inform the methodology of clinical trials, the discovery of 

new therapeutic targets, and the advancement of personalized pain management.
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1. INTRODUCTION

The placebo effect is a powerful mechanism for modulating clinical outcomes. Linked to 

psychoneurobiological changes, placebo effects result from the expectancies of the patient, 

proxy, and provider (1, 2) and are distinct from regression to the mean, spontaneous 

remission, and fluctuations in symptoms. In randomized clinical trials, the inclusion of a no-

intervention arm (3) and possibly a measurement of expectations (4) are critical design 

elements that can help separate placebo effects from these potential confounds (5).

This phenomenon has been particularly well investigated in the areas of experimental and 

clinical pain, but placebo effects can influence any treatment and any condition (6). Before 

the recent resurgence of interest in them, the increasing focus of modern medicine on 

specificity and mechanisms caused the placebo effect to be considered unscientific. Placebo 
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treatments were believed to affect only subjective symptoms and not objective bodily 

processes, and thus they were commonly characterized, and often disregarded, as 

nonspecific effects. Yet as more rigorous and systematic research on the mechanisms of the 

placebo effect continued, scholars began to differentiate placebo effects from confounding 

variables as well as other individual and disease factors influencing symptom variability. 

New evidence continues to suggest that placebo effects influence physiological mechanisms 

and outcomes of pain. Placebo effects have been documented across different diseases, 

including symptoms ranging from itching to cancer-related fatigue, from Parkinson’s disease 

to attention deficit hyperactivity disorder (ADHD), from anxiety to social phobia, from 

depression to addiction, and from asthma to immune diseases (reviewed in 1, 7, 8).

2. HISTORICAL REMARKS

For hundreds of years, clinicians and other health care practitioners have known that 

different interventions with unclear mechanisms of action could still result in improvements 

of clinical symptoms. One of the earliest mentions of the administration of a placebo dates 

back to the 1770s when a physician described two instances of giving an inert medication to 

patients for end-of-life comfort (9). Furthermore, many placebo remedies appeared in the 

first London Pharmacopoeia issued by the Royal College of Physicians in 1618 (10). An 

estimated 5,000 ancient remedies with over 16,000 different prescriptions, from Gascoyne’s 

powder (i.e., coral, crabs’ eyes and claws, amber, bezoar, and pearls) to bezoar stones and 

animal gallstones (11), were initially used to please or placate and not for specific clinical 

effects. Placebos and their related therapeutic effects began to gain traction in the United 

States during the 1946 Cornell Conference on Therapy where, after reviewing European data 

regarding placebo action, it was declared for the first time that more research was needed 

given that “the placebo is a potent agent and in its actions can resemble almost any drug” 

(12, p. 1718). Although members of the community at this meeting commented that 

placebos had been commonly used, there were only a few documentations of this so-called 

pious fraud (13, 14). Beecher (15) pointed out that, despite the lack of scientific and clinical 

knowledge at that time, placebo effects may be present in experimental and clinical settings 

and that much of the action of a drug could be related to the individual’s process of suffering 

rather than the direct effects of the medication itself.

3. MECHANISMS OF PLACEBO EFFECTS

Pharmacological, neuroimaging, behavioral, and physiological approaches have been used to 

help understand the mechanisms of placebo effects in human research settings (Figure 1). 

Such studies have shown that placebo effects engage various neurobiological and 

physiological mechanisms, including the endogenous opioid, endocannabinoid, oxytocin, 

vasopressin, and dopamine systems. As such, its effects will depend on the target system and 

illness.

3.1. Human Pharmacological and Brain Imaging Approaches

In 1978, Levine and colleagues (16) demonstrated that placebo analgesic effects could be 

halted by the administration of the μ-opioid receptor antagonist naloxone. The last four 

decades of research have further linked placebo effects in the context of pain to the 
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endogenous opioid system. Using the opioid antagonist naloxone (16–20) and in vivo 

receptor binding of μ-opioid receptors (21, 22), a series of neuropharmacological studies 

have corroborated and confirmed the notion that the opioid system is involved in the 

formation of placebo analgesia.

A placebo given after consecutive administrations of morphine occurring 1 day (20) or 1 

week (23) apart induces a morphine-like effect on pain endurance that is antagonized by 

naloxone (10 mg/kg) (Figure 2). The importance of the opioid system for placebo effects is 

not surprising given that μ-opioid receptors are widely distributed, with the highest 

concentrations in the thalamus and periaqueductal gray (24), and are critical for the 

reduction of pain induced by therapeutic opioids. Endogenous opioids that are naturally 

made in the brain and exogenous opioid drugs that are synthetically manufactured activate 

opioid receptors in distinct locations (25). Uncovering the distinct features of the receptor 

binding mechanisms for endogenous opioids and exogenous opioids has important 

implications for drug development, the prevention of side effects, and better pain 

therapeutics.

Other systems, such as the cannabinoid and dopamine systems, have been explored using 

pharmacological antagonists to reverse the behavioral placebo effects. For example, 

pharmacological conditioning with the nonopioid nonsteroidal anti-inflammatory drug 

ketorolac induced a placebo effect when ketorolac was replaced by a placebo. The ketorolac-

like effect was reversed by the cannabinoid type 1 receptor antagonist rimonabant, which 

suggests that the endogenous cannabinoid system can be trained to induce placebo effects.

In terms of the involvement of the dopamine system, there have been positive (26, 27) and 

negative results (28, 29) in pain research using brain imaging and pharmacological 

approaches, respectively. A PET imaging study with carbon-11-labeled raclopride as the 

radioligand (27) showed that the activation in the ventral basal ganglia, including the nucleus 

accumbens, is related to the perceived effectiveness of the treatment (which in reality was 

intravenous saline) and pain reduction, and this activation accounted for 25% of the variance 

in placebo analgesic effects (27).

Pharmacological approaches with dopamine antagonists and agonists did not show an effect 

on placebo analgesia in healthy participants, and the dopamine antagonist haloperidol did 

not reverse placebo analgesia (29) in neuropathic chronic pain patients (28). Although these 

results indicate that dopamine antagonists and agonists may not be essential for eliciting 

placebo-induced pain reduction, they do modulate expectancies and the desire of pain relief 

(28) and the efficacy of recalled placebo effects (30). Conversely, dopamine-like effects have 

been observed in studies with Parkinson’s patients using either in vivo single neural activity 

recording and pharmacological conditioning (e.g., apomorphine) (31–33) or in PET studies 

(34, 35), suggesting that placebo effects are in part mediated by the dopamine system in 

Parkinson’s disease.

3.2. Using Agonist Agents to Enhance Placebo Effects

Recently it has been shown that it is possible to increase placebo effects pharmacologically, 

with potential benefits for improving pain management and coping. Both oxytocin and 
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vasopressin agonists have been given intranasally to enhance expectancy-induced analgesia 

(36, 37). The central nervous system distribution of these two peptide hormones suggests 

that they are pivotal for regulating social behaviors across different species (38, 39) and with 

sex-specific effects (39–44). In male animals, vasopressin promotes aggression, probably 

acting at the level of the septum, anterior hypothalamus, and central gray. In female animals, 

it promotes affiliative behaviors via actions in the septum and ventral pallidum (40). Human 

studies suggest that vasopressin plays a role in conciliatory behaviors (45) as well as in 

interpersonal communication (46, 47), favoring tend-and-befriend behavioral patterns of 

women toward other women and fight-or-flight in men toward other men (47). We explored 

the effects of arginine vasopressin, a nonselective agonist of the arginine vasopressin 1a 

(Avp1a) and 1b (Avp1b) receptors, against no treatment, oxytocin, and saline in a 

randomized, placebo-controlled, double-blind, parallel design trial. We implemented a 

model of expectancy-induced hypoanalgesia in which verbal suggestions of pain reduction 

along with the administration of a sham intervention were applied. We used a relatively low 

dose of oxytocin (24 IU) compared to the dosage (40 IU) used in a study by Kessner et al. 

(37), who reported an increase of placebo effects in men. When given intranasally, synthetic 

vasopressin reaches the central nervous system through the nasal mucous membranes and 

achieves a steady state within 30–50 min, and the peptide concentration in the cerebrospinal 

fluid collected in humans, as measured by radioimmunoassay, remains stable for about 80 

min (48).

Arginine vasopressin, given intranasally, increases verbally induced placebo effects with a 

significant sex-by-treatment interaction. Vasopressin enhanced the effect of the placebo 

analgesic treatment in women but not in men, relative to the no treatment, oxytocin, and 

saline groups. Moreover, larger placebo effects were seen in those women with lower acute 

cortisol levels and lower dispositional anxiety (Figure 3).

This finding suggests the potential of using vasopressin agonists as pharmacological 

therapeutic targets. This possible link between psychophysiological changes and behaviors 

could be a way to better understand drug (and placebo) responsiveness (49). These results 

are also consistent with animal and human studies (50–52). Receptor autography studies in 

the socially monogamous coppery titi monkey demonstrated that Avp1a receptors are 

crucially involved in social behaviors and expressed at the level of the cortex (cingulate, 

insular, and occipital), central amygdala, nucleus accumbens, caudate, putamen, 

endopiriform nucleus, and hippocampus (53). The activation of brain reward and salience 

circuits has also been shown in men and women (47). Vasopressin most likely shaped the 

meaning of the instructions, resulting in an enhancement of expectancy-induced analgesic 

responses, emphasizing the role of response to meaning in forming placebo effects (54). 

Future brain imaging studies could identify the brain circuitries involved, thus opening up 

the possibility of using these hormones clinically.

3.3. Triggering Placebo Effects Behaviorally

Behavioral and neurobiological placebo effects are triggered by verbal suggestions, classical 

and nonclassical conditioning, and social interactions, including observation and complex 
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interpersonal interactions (55–57). Verbal suggestions can induce the anticipation of positive 

outcomes and placebo effects.

During a postsurgical window, overt administration of morphine, combined with telling a 

patient that the treatment they are going to receive is a potent pain treatment, induces 

substantially larger benefits than covert administration of morphine, that is, by leaving the 

patient unaware of its administration while delivering the medication through a 

computerized infusion pump (6). The benefits of morphine and many other pain treatments 

are linked to both the medication and expectancy responses.

Various degrees of exposure to analgesic benefits through prior pharmacological and 

nonpharmacological interventions create subsequent neurobiological placebo effects. In 

particular, the length of training (58), prior experience with either an effective or an 

ineffective treatment (59), the schedule (1 day apart versus 1 week apart) (Figure 2) (23), 

and the conditioning paradigm (continuous versus partial reinforcement) (60) can all 

influence the occurrence and magnitude of placebo effects. Partial reinforcement refers to 

the situation in which the unconditioned stimulus is associated with the neutral stimulus in 

either a random fashion or according to a schedule, but not for every association response as 

is the case with the full continuous reinforcement paradigm. Prior positive therapeutic 

experiences augment placebo-induced analgesic effects, and negative previous experiences 

diminish them. A group of healthy study participants received a nonpharmacological 

treatment that was made effective (e.g., the pain intensity was surreptitiously reduced to 

simulate analgesia), and a second group received a treatment that was made ineffective (e.g., 

the pain intensity was kept at the same painful level); when tested for placebo effects, those 

subjects who were preexposed to a positive outcome showed a pain reduction of 49.3%, 

while those who had a negative therapeutic experience only experienced a 9.7% reduction in 

pain (59). When the subjects were retested a week afterwards with the other treatment (i.e., 

those assigned to the positive outcome received the negative treatment and vice versa), 

placebo effects following the effective procedure were significantly higher than those 

observed after the ineffective treatment (29% versus 18% pain reduction), suggesting 

sequential effects. These findings may help clarify variability in clinical outcomes and 

placebo effects when patients are switched from one treatment to another.

Positive and negative treatment histories affect not only behavioral placebo effects but also 

induced brain changes (61). A history of negative therapeutic experiences reduces placebo 

analgesia and is paralleled by higher activation of the bilateral posterior insulae that regulate 

afferent nociceptive (pain arising from the stimulation of the nerve cells) processes and 

lower activation of the right dorsolateral prefrontal cortex, which plays a role in the 

formation and maintenance of placebo effects (62, 63).

The duration and extent of previous pain relief experiences impact the magnitude of placebo 

analgesia, as indicated in a study that varied the conditioning (acquisition phase) from 10 to 

40 exposures to analgesic treatment. The observed size and extinction of placebo and nocebo 

[referring to the impact of negative expectancies on outcomes (64)] effects were linked to 

the length of exposures to prior effective and ineffective (65) interventions (58). Observing a 

benefit in another person also plays a role in the formation of placebo effects (66–68). First 
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postulated by Bootzin & Caspi in 2002 (69), observational learning generates expectancies 

that lead to placebo analgesic effects of similar sizes. This was subsequently demonstrated 

by Colloca & Benedetti (67) in observational learning and conditioning arms of a 

randomized parallel-arm trial; participants’ pain was reduced by 39.18% and 43.35%, 

respectively, in the two arms.

These studies have relevance in terms of considering an individual’s treatment history and 

using learning and modeling manipulations to maximize or minimize treatment responses 

depending on the context (clinical practice versus treatment development), and they have 

facilitated a better understanding of the overall placebo phenomenon.

4. AN INTEGRATIVE MODEL OF PLACEBO EFFECTS

Despite the numerous attempts to explain placebo effects with theories and frameworks that 

have included the expectancy theory (70), classical conditioning (71), other learning 

principles (60, 72), contextual effects (73), and the meaning response (54), none of them 

alone seems to account for the variety of placebo effects observed in clinical trials and 

practice.

Colloca & Miller (56) recently proposed an integrative model that focuses on instructional, 

experiential, and social learning mechanisms that can trigger conscious and unconscious 

expectancies that generate placebo effects. Although instructional (e.g., a suggestion that a 

certain painkiller reduces pain), experiential (e.g., the exposure to an effective pain 

treatment), and social (e.g., the observation of others perceiving pain relief) learning vary in 

terms of their nature, these processes convey information that is dynamically integrated with 

contextual cues, prior beliefs, and therapeutic histories to create placebo effects (Figure 1). 

This integrative view of empirical findings related to placebo effects also facilitates the 

conceptualization of a model of placebo effects, rather than a reliance on discrete 

mechanisms (e.g., conditioning versus expectations) that are rarely separable in clinical 

settings. An integrative model also facilitates the study of placebo effects through influential 

error prediction models including Bayesian (74), Rescorla-Wagner (75), and others (76). It is 

likely that cues from the clinical encounter are integrated with personal experience to make 

inferences and predict the likelihood of future outcomes.

Two aspects are worth mentioning when considering this integrative model. First, the 

isolation of verbal, conditioned, and social cues is not possible in the usual patient-clinician 

interaction. The clinician shows attention (e.g., the ritual elements of providing a treatment) 

and uses verbal and nonverbal communication strategies, including reassurance, suggestions 

for positive therapeutic expectations, empathic listening, and encouragement. The patient-

clinician relationship, as Colloca & Miller (56, p. 1864) suggested, is “a process of 

interaction in which patients and doctors continually, mutually and reciprocally influence 

each other.” For example, the clinician’s expectation about the effectiveness of a treatment 

may in turn influence the patient’s expectation of benefit (56). A clinician who understands 

their patient modifies their behavior as a healer based on the patient’s behavior as a 

convalescent.
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Second, expectations are typically seen as a reportable anticipation of a future event (e.g., an 

expectation that a patient’s pain will be 6 out of 10). Expectancies, on the contrary, do not 

necessarily entail consciousness and are instead anticipatory and predictive states that may 

or may not be consciously accessible depending on the body system and the phylogenetic 

level (56, 77). For example, placebo-induced pain reduction is an experience consciously 

accessible, whereas placebo (conditioned) hormonal responses are unaffected by 

expectations (78). There is evidence that nonhuman animals learn to predict and expect 

outcomes, showing placebo effects both in general with the expectancy of reward, observed 

in honeybees (79), and in the context of placebo manipulations (80, 81).

5. ANIMAL RESEARCH

The investigation of the placebo effect has been flourishing in human laboratory settings 

more than in animal research. This is not surprising given that placebo effects in animals can 

only be studied through physiological or pharmacological paradigms, whereas in humans 

verbally induced responses can also be investigated (reviewed in 82). The animal studies that 

have been conducted appear to corroborate the results from human studies.

Following one of the first seminal works using scopolamine and conditioning (81), it was 

subsequently demonstrated in rats that when environmental (83) and gustatory (84) cues 

were paired with morphine (the unconditioned stimulus), replacing the morphine with a 

placebo could induce morphine-like placebo analgesic effects (85). Although in a few 

instances a single administration of an opioid (e.g., fentanyl) given in a novel context has 

been reported to create a placebo effect (86), the general understanding is that the repetitive 

administration of the unconditioned stimulus is critical for creating associations and learned 

placebo responses. In another study, animals were tested for tolerance to noxious heat on a 

hot plate and given repetitive injections of morphine over 4 days in a chamber with a grid 

floor and a blue light. On day 5, replacing the morphine with saline induced a placebo 

analgesic effect as expressed by an increased latency of the nociceptive responses. This 

effect was abolished by the administration of the opioid receptor antagonist naloxone (87). 

Conversely, when the placebo effect was evoked by an exposure to aspirin (400 mg/kg), this 

effect was not blocked by naloxone, which mirrors results in humans (20).

The placebo effect appears to be transferable from one system to another (e.g., from pain to 

depression) as suggested by the observation that conditioning of the opioid system induces 

an antidepressant effect as well. The antidepressant effect was comparable to that elicited by 

the serotonin-norepinephrine reuptake inhibitor clomipramine (88).

At the brain level, placebo analgesia induced by classical conditioning is blocked by 

naloxone delivered systemically at a relatively high dosage (5 mg/kg), and this blockage is 

paralleled by a modulation of the rostral anterior cingulate cortex (89). By contrast, 

injections of the dopamine receptor antagonist haloperidol but not of naloxone immediately 

before testing prevented the expression of the learned responses when a conditioned 

preference model of placebo analgesia was used, suggesting that endogenous dopamine and 

opioids are involved depending on the context (e.g., motivation versus expectancy of 

analgesia) (90).
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Apart from pain research, pharmacological conditioning has also been used with 

immunomodulating substances (91–93). Early discoveries by Ader & Cohen (94) 

demonstrated an increase in antibody titers when rats were conditioned to the 

immunosuppressive properties of cyclophosphamide. Subsequently, many studies in animals 

have revealed that a variety of immunological parameters can be manipulated by 

conditioning protocols in which a flavor or odor is typically employed as a conditioned 

stimulus along with a pharmacological agent used as the unconditioned stimulus. For 

example, immunosuppressive responses were observed when rats that were conditioned with 

a formulation of saccharin that contained cyclosporine A were reexposed to the saccharin 

alone, resulting in changes in the level of the production of T helper type 1 cytokine and the 

calcineurin activity in CD4+ Tlymphocytes (95). Other parameters that can be conditioned 

are antibody responses, mitogen-induced lymphocyte proliferation, leukocyte counts, 

circulation of lymphocyte subpopulations, the activity of natural killer cells, and acute phase 

reactions (reviewed in 96). This phenomenon, the behavioral conditioning of immune (and 

other) functions, has the potential for use in human pain, immune, and other system-related 

applications via reinforced partial learning paradigms and dose-extending placebos.

6. TRANSLATION-RELATED ASPECTS

6.1. Dose-Extending Placebos

The term dose-extending placebos refers to a placebo given after the repetitive 

administration of an effective medication. This tool harnesses the body’s innate capacity to 

create learned conditioned responses and trigger the activation of the opioid and nonopioid 

endogenous pain modulatory systems.

The novel idea of interspersing placebos with a proven medication rather than using the 

medication only (or placebos alone; see below) to treat a disease is in line with the 

pharmacological and nonpharmacological research on placebo effects and learning. The full 

and partial reinforcement approaches have been tested in both laboratory and clinical 

settings (reviewed in 97), and the results suggest new therapeutic strategies that may result 

in the reduction of the total intake of pain medications, the side effects associated with these 

medications, and, finally, costs associated with the treatments.

Recently, some clinical trials have been conducted with dose-extending placebos that 

resulted in clinically relevant reductions of opioids, corticosteroids, zolpidem, and 

amphetamines given to patients with pain, psoriasis, insomnia, and ADHD, respectively. In 

dose-extending placebo studies, participants receive a repetitive administration of the 

medication (e.g., opioids) that will be conditioned creating a pharmacological memory and a 

drug-like induced body response (97) (Figure 2).

For example, psoriasis patients were treated with corticosteroids interspersed with placebos. 

Those who received placebos had a reduction of one-quarter or one-half in the total amount 

of corticosteroids they were currently prescribed, and the remainder was filled in by 

identical placebos (dose-extending arm). The outcomes in the dose-extending arm were 

compared with the control arm in which the same drug reduction occurred but without 

giving any placebos and with the arm receiving a full dose of corticosteroids. The relapse of 
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psoriasis symptoms was 26.7% in those who received the half dose of corticosteroids along 

with the dose-extending placebos, 61.5% in those in the control arm (reduction without 

placebos), and 22.2% in the arm treated with the full dose of corticosteroids (98).

Chronic insomnia improved when patients were given a combination of active medication 

(10 mg zolpidem pill) and placebo pills for 12 weeks compared to groups randomized to 

either 10 mg, 5 mg, or intermittent 10 mg nightly control doses (99). Children with ADHD 

who were randomly assigned to a group receiving placebos paired with a 50% reduction in 

the dose of amphetamine showed similar benefits to those children who received the full 

dose (100). Antihistamine-like effects can be elicited by conditioning the action of 

antihistamine drugs in patients with allergic rhinitis (101). Recently, 30 kidney transplant 

patients treated with the immunosuppressive drug cyclosporine A or tacrolimus underwent a 

conditioning procedure that induced a significant conditioned inhibition of T cell 

proliferative capacity (102). Therefore, active treatments can potentially be interspersed with 

placebo to optimize therapeutic regimens, especially in conditions in which patients depend 

on the treatment for the rest of their lives with severe adverse effects.

This line of research may pave the way to new therapeutic strategies for the treatment of 

acute chronic pain and addiction (103) by reducing the intake of opioids. In particular, 

harnessing placebo effects (e.g., via dose-extending placebos) can be a novel strategy to help 

face the opioid epidemic crisis in the United States (and elsewhere), resulting in 16 deaths 

per day in the United States (104). The majority are noncancer chronic pain patients who 

misuse and abuse painkiller prescriptions that were dispensed to them to manage acute 

perioperative pain. One out of 550 chronic opioid users dies within approximately 2.5 years 

of their first opioid prescription that was given to treat acute pain (105). A well-done study 

documented that 6% of 36,000 opioid-naive patients undergoing elective surgery presented 

with persistent opioid use (defined as prescription fulfillment between 90 and 180 days after 

the surgery) regardless of the type of surgery (minor versus major) (106). The prospect of 

optimizing acute pain management while opioids are reduced (or avoided) is worthy of 

future investigation.

6.2. Open-Label Placebos

Recent clinical research suggests that certain types of patients who receive placebos and are 

told that placebos are substances without active components but are also told that the 

treatment will still be effective show significant clinical improvements. These few recent 

studies challenge the assumption that deception is necessary to trigger placebo effects (103). 

Park & Covi (107) first administered open-label placebos to 15 neurotic outpatients and 

reported improvement with the placebo treatment and, in some cases, desire to continue the 

placebos. Open-label placebos have also been tested in small clinical trials in patients with 

irritable bowel syndrome (108), chronic low-back pain (109), major depression (110), 

ADHD (100), rhinitis (111), and cancer-related fatigue (112). Patients enrolled in these 

published studies have been informed that the placebo effect is indeed a powerful 

phenomenon that depends on the patient simply taking the pills diligently as instructed, 

whether or not the patient believes that they will work. This explanation seems sufficient to 

maintain a reduction in symptoms, as suggested by a recent study that found that an open-
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label placebo given in an experimental setting with a rationale for its benefit was as effective 

as a placebo deceptively described as an active treatment (113).

Alternatively, the act of taking a pill or receiving a local treatment might serve as a 

conditioned cue in line with learned placebo effects. For instance, analgesia was still 

experienced by healthy participants in one study even after it was revealed that the cream 

they received during the conditioning paradigm was only Vaseline (114). The effects were 

not correlated with participants’ expectations of pain relief, indicating that other processes 

may mediate placebo effects. Such a nondeceptive approach may facilitate the adoption of 

placebos in clinical contexts given that some ethical dilemmas such as the preservation of 

the patient’s autonomy and the threatening of deception in patent-clinician relationships are 

circumvented. Evidence-based research is needed to guide therapeutic decisions to provide 

the best available treatment.

Currently published open-label placebo studies are small, ranging from 15 to 83 patients, 

and although a no-intervention arm is included, they often lack the inclusion of the best 

treatment arm as a comparator (115). This omission makes it difficult to assess the clinical 

effectiveness of open-label placebos. The promise of a safe and ethically sound method of 

administering placebos warrants further rigorous research into the value of open-label 

placebos.

7. PLACEBO EFFECTS AND THEIR IMPLICATIONS FOR CLINICAL TRIALS

As explained in Section 1, to disentangle placebo effects from natural history, biases, 

Hawthorne effects, regression to the mean, and other nonspecific effects, clinical trial 

designs that include a no-intervention arm are necessary to distinguish changes seen in an 

untreated group from those seen in a placebo arm (Figure 4).

There are situations in which no-intervention arms are difficult to implement. For example, 

some clinical trial designs such as the Sequential Parallel Comparison (116) and enrichment 

designs (117) may help harmonize clinical and ethical requirements with the principles of 

placebo research.

Another possibility, perhaps more feasible, is to introduce an assessment of participants’ 

[and, for children, proxy’s (118)] expectations in the context of clinical trials and practice. 

Expectations can influence the course of different medical conditions (8, 119) from long-

term mortality (120) to outcomes for surgical interventions (121). It is plausible, therefore, 

to consider expectations as a potential predictor of outcomes. Expectations can be measured 

with a simple to-be question: “What do you expect your level of pain intensity to be? Please 

rate from 0 = no pain to 100 = maximum imaginable pain” (122). Such a question can be 

integrated with measurements of credibility, such as “How effective do you think this 

treatment will be for you?” (123), and post-treatment allocation questions, including “Which 

arm of the trial do you think you have been assigned to? Treatment A, B … Placebo?” Given 

that patients often show treatment benefits that are not reflected in objective measurements 

(e.g., 124), asking patients about the perceived effectiveness of the treatment they received 

can be a precious covariate used in data analyses (30, 125). A recent clinical trial showed 
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that albuterol but not the two placebo interventions improved forced expiratory volume in 1 s 

in asthmatic patients, but placebos and not albuterol provided incremental benefit with 

respect to the self-reported outcomes (124), suggesting that the combined therapies (i.e., 

albuterol and placebos) may achieve the best overall benefit.

The gold standard of efficacy in randomized clinical trials assumes that drug and placebo 

responses are additive and, as such, the removal of placebo responders from the trial is not 

the correct way to detect an intervention effect. However, nonadditive effects have also been 

shown using a 2 × 2 balanced placebo design in which participants receive instructions about 

a drug (i.e., they are told either about a drug or about a placebo) and then are administered 

the actual drug (i.e., they are given either a drug or a placebo). The effect of lidocaine/

prilocaine on subjective pain ratings and neural responses at the level of the anterior insula, 

the rostral anterior cingulate cortex, and the ventral striatum showed an interactive effect 

(126). Clinical findings have also suggested that placebo and drug effects may not be merely 

additive (6). The additive versus interactive effect may depend on the mechanisms of action 

of the given treatment. Future mechanistic (e.g., PET with radiotracers) and clinical research 

is needed to address the issue of additivity.

8. PLACEBO EFFECTS IN CLINICAL PRACTICE

Different individuals experience and cope with chronic pain differently; some are mildly 

affected, while others suffer debilitating dysfunction. Individuals also vary substantially in 

their responses to therapeutic interventions; for some, pharmacological treatments are highly 

efficacious, and in others only modest reductions in pain occur. Similarly, some respond to 

placebos over time (127), whereas others do not respond to pain-related placebo 

manipulations in clinical as well as in experimental settings. This large variability in placebo 

phenotypes can be attributed in part to expectancy-induced analgesia, which refers to 

differences due to patients’ and providers’ beliefs and desires (128). These effects are 

important in optimizing not only clinical trial designs but also plans for the therapeutic 

management of pain since those who are placebo responders may benefit to a larger extent 

from nonpharmacological and psychological interventions.

Many painkillers are discarded after phase II/III clinical trials because they do not 

outperform placebos (129). In 2011, Clinicaltrials.gov (https://clinicaltrials.gov/) listed over 

4,000 pain trials, yet in the last few years, the only new approvals were for just five existing 

drugs, e.g., duloxetine, oxycodone, and fentanyl, in new formulations or dosage forms (130). 

In clinical trials for cancer and neuropathic pain, the failure rate for pharmacological 

treatment has been over 90% in the past 10 years (130, 131). In laboratory settings, placebo 

effects have also been explored with chronic pain populations affected by different pain 

disorders, including chronic idiopathic pain (pain arising spontaneously or from an unknown 

cause), neuropathic pain (132–134), low-back pain (109, 135), knee osteoarthritis (136, 

137), irritable bowel syndrome (122, 138, 139), fibromyalgia (140), and migraine (141). 

Experimental research suggests that the modality (thermal versus chemical) and duration 

(phasic versus tonic) of painful stimulations can affect placebo effects (142). Moreover, 

research has indicated that features such as price (a higher price leads to larger placebo 

effects) (141, 143), labeling (generic versus brand) (144), and route of administration (sham 
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acupuncture versus oral placebo) (145) influence the occurrence and magnitude of placebo 

effects and perceived side effects.

Expectancy and placebo effects are largely (and often exclusively) responsible for the 

therapeutic effects of nonpharmacological treatments such as homeopathy (146) and other 

integrative treatments (147). This is not surprising given that expectancy and placebo effects 

also optimize the response to different opioid and nonopioid treatments (e.g., buprenorphine, 

tramadol, ketorolac, and metamizol) (55) and, remarkably, account for up to 50% of the 

effectiveness of pain treatments (6). These effects depend on an interaction between 

modulatory central nervous systems and peripheral pain mechanisms. A few studies suggest 

that the placebo effect may increase the half-life of substances such as caffeine (148) and 

interact with medications (149), therefore biasing the results of clinical trials and 

challenging the concept that placebo and drug effects are additive. Yet it remains to be fully 

elucidated how being aware of receiving a pain treatment might alter the drug’s 

pharmacokinetics.

Based on the impact of expectancies and placebo effects in acute postoperative pain, chronic 

pain, and experimental pain, future research should identify biomarkers (genetic, 

psychosocial, and neural) of variability in clinical outcomes in individuals suffering from 

pain. It would be helpful to understand how the physiopathology of pain (neuropathic versus 

non-neuropathic pain), the source of pain (surgical versus inflammatory pain), associated 

comorbidities (psychiatric versus systemic diseases), and psychological factors (resilience 

versus neuroticism) can affect placebo effects.

9. PLACEBO AND FRAMING EFFECTS

Clinical and laboratory research studies have demonstrated that expectancies, when 

optimized or silenced via the overt-covert (also known as open-hidden) paradigm, 

significantly and in a bidirectional manner influence the response to various treatments such 

as morphine, anxiolytic diazepam, deep brain stimulation (reviewed in 6), intravenous 

remifentanil (150), topical lidocaine (133), and acupuncture (151).

In patient populations, nonadherence to treatments and the need for higher doses or 

alternative treatment prescriptions are often related to the lack of placebo effects (152). 

Leveraging placebo effects and minimizing so-called nocebo effects are essential in daily 

clinical practice (64, 152). Framing patient-clinician communication in a way that empowers 

realistic, yet still cooperative, expectations can help promote mindsets that are positive 

despite the nature of pain and associated diseases. Although placebo effects depend at least 

partially on psychological factors, the recipient’s disposition, and prior therapeutic 

experiences, there are many examples of patient-clinician communications that reduce pain 

burden and opioid use in the postoperative setting. A significant 50% reduction in 

postoperative pain and narcotic use was shown in patients who received elective intra-

abdominal surgeries and were informed before the surgery about postoperative pain. Half of 

the patients were informed about postoperative pain, its duration, and severity by the 

physician and educated about coping strategies (i.e., breathing). This reduced the amount of 

postoperative pain and the need for narcotics and was labeled as active placebo action (153). 
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Perhaps it is time to reintroduce such active placebo actions as part of acute postoperative 

pain management and in the education of future clinicians.

Verbal instructions given with drug administration, prior therapeutic experiences, 

interactions with health practitioners, and interactions with other patients all contribute to 

the complexity of individual placebo effects. Yet knowledge on mechanisms of placebo 

effects is seen as a field apart from drug development. Despite the observation that 

thousands of clinical trials fail because interventions do not outperform placebo responses, 

research on placebo effects and placebo responses has been kept as a separate component of 

research. This review attempts to merge mechanisms and translational components of 

placebo research. Given that placebo effects are ubiquitous in daily clinical practice and part 

of all therapies for pain, understanding how to harness these placebo responses using 

framing effects, social context, and open dose-extending placebos interspersed with 

pharmacological regimes should be considered for optimal pain management approaches.
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SUMMARY POINTS

1. The placebo effect is an important factor that modulates clinical outcomes. It 

is linked to psychoneurobiological changes occurring as the result of the 

patient’s, proxy’s, and provider’s expectations.

2. For several years, placebo effects have been dismissed and considered a 

nuisance in trials despite the fact that clinicians and other health care 

practitioners have known that these effects can and do result in improvements 

of clinical symptoms.

3. A series of neuropharmacological studies have corroborated and confirmed 

the notion that the opioid system is involved in the formation of placebo-

induced reductions in pain.

4. Behavioral and neurobiological placebo effects are triggered by verbal 

suggestions, classical and nonclassical conditioning, and social interactions 

(including observation and complex interpersonal interactions).

5. Vasopressin (and oxytocin), given intranasally, boosts placebo effects that 

most likely depend on social aspects and show a dimorphic effect.

6. Positive therapeutic encounters, empathic listening, and encouragements 

shape the effectiveness of treatment and the expectancies of patients, 

clinicians, and proxies.

7. Dose-extending placebos that harness the body’s capacity to create learned 

conditioned responses and pharmacological memories can in turn trigger the 

activation of opioid and nonopioid endogenous pain modulatory systems.

8. Verbal instructions and the way in which information is framed impact both 

the duration and severity of postoperative pain, indicating that physicians and 

patients should be educated about coping strategies.
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FUTURE ISSUES

1. Existing evidence shows that genetic factors may contribute to placebo effects 

and responses: Twin studies are a useful approach to determine the heritability 

of placebo-related phenotypes and the contribution of genetic and 

environmental factors.

2. The relationship between placebo effects and pain processing must be 

determined: Systematic, participant-level meta-analyses of published brain 

imaging studies (154) will help corroborate current knowledge on neural 

responses to placebos.

3. Further animal research with pharmacological conditioning and distinct types 

of pain models will help elucidate the molecular mechanisms of 

pharmacological memories that in turn elicit behavioral and bodily responses.

4. Large studies that investigate sex, age, and race as biological variables are 

needed to better account for interindividual variability in placebo 

responsiveness.

5. New research in conditions other than pain is needed to fully understand how 

expectancy and placebo effects impact symptoms and diseases.

6. The use of opioids for the management of acute and chronic pain raises 

serious concerns: Large studies for tapering opioid medication with dose-

extending placebos would help explore alternative treatment options.

7. Future translational efforts should focus on patient-centered research that 

would help create new policies favoring the clinical applications of placebos, 

ranging from doseextending placebos to educational programs for new 

generations of clinicians.
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Placebo effect: powerful determinant of health outcomes across many different diseases 

and encounters; the placebo effect is due to the expectancy of positive treatment 

outcomes

Expectation: constructs that refer to anticipation of outcome that are verbalized and 

measurable via validated scales

Regression to the mean: phenomenon by which a variable tends to move closer to the 

center of its distribution from initial to later measurements

Spontaneous remission: a catch-all term to describe the phenomenon when the 

symptoms of a condition improve naturally without any interventions

Vasopressin: nonselective small polypeptide that binds arginine vasopressin Avp1a and 

Avp1b receptors in the central nervous system
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Expectancy: psychophysical predictor that can be present in humans and animals 

without full awareness (implicit expectancies)

Expectancy-induced analgesia: reduction in pain experience in an individual that results 

from the inhibition of nociceptive stimulations via the activation of descending neural 

pathways
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Nocebo effects: negative expectancies that contribute to the occurrence of side effects 

and influence both clinical outcomes and patients’ adherence to medication

Classical conditioning: a neutral stimulus (syringe) that induces a conditioned response 

(hypoalgesia) after pairing it with an unconditioned stimulus (morphine)

Social learning: ability to acquire information from social observations and interpersonal 

contexts and thus generate treatment expectations that in turn alter clinical response
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Placebo response: outcome changes that are due to natural history, biases, Hawthorne 

effects, regression to the mean, and other nonspecific effects
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Dose-extending placebos: placebos or subtherapeutic doses of treatments (e.g., opioids) 

that are interspersed with the target treatments in accordance with reinforcement learning 

principles

Endogenous pain modulatory systems: the inner systems within the body (e.g., the 

opioid system) that can modulate individuals’ experiences of pain

Pharmacological memory: bodily response(s) occurring after repetitive administrations 

of a medication that elicits conditioned drug-like effects
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Open-label placebos: saline, talc pills, or other dummy interventions that are given to 

patients and presented overtly as placebos
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No-intervention arm: also called natural history, this arm includes patients assigned to a 

waitlist who are observed for the course of the symptoms in the absence of any 

treatments

Hawthorne effect: a patient’s response related to the mere fact of being enrolled in a 

clinical trial or study
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Overt-covert (open-hidden) paradigm: medication administered by informing patients 

that a treatment has been given as compared to a covert computer-controlled treatment 

administration

Mindset: a patient’s set of attitudes and beliefs about a symptom or intervention, which 

can in turn evoke a biological and behavioral response in their body

Framing effects: outcome perceptions related to the description of logically equivalent 

information about the risk/benefit ratio of an intervention
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Figure 1. 
Schematic representation of the psychophysiological mechanisms of placebo effects. Verbal 

suggestions (e.g., anticipation of a benefit), firsthand therapeutic experience of pain 

reduction (e.g., experiential learning and conditioning), observation of others (e.g., social 

learning), contextual and treatment cues (e.g., seeing a treatment), and interpersonal 

interactions (e.g., patient-clinician relationship) contribute to create expectancies that can 

trigger a set of psychoneurobiological changes. At the neural levels, placebo effects result in 

the release of neuropeptides (e.g., opioids) and the modulation of brain areas involved in the 

transmission of pain signaling and the formation of expectancies. Areas such as the spinal 

cord, RVM, PAG, mThal, ACC, SII-dpINS, and aINS (red) show reduced activation when 

placebo effects are observed. The generation of expectancies involves an increased activation 

of frontal areas including the vmPFC and dlPFC with a descending modulation of the NAc–

VS, PAG, the spinal cord, and RVM (blue). PAG, the spinal cord, and RVM play a dual 

function with both increased and decreased activity (purple). The generated placebo effects 

influence responses to pharmacological, integrative, psychological, and surgical 

interventions (155). Abbreviations: aINS, anterior insula; ACC, anterior cingulate cortex; 

dlPFC, dorsolateral prefrontal cortex; mThal, medial thalamus; NAc–VS, nucleus 

accumbens–ventral striatum; PAG, periaqueductal gray; RVM, rostroventral medulla; S1, 

primary somatosensory area; SII–dpINS, secondary somatosensory area and dorsal posterior 

insula; vmPFC, ventromedial prefrontal cortex. Figure adapted from Reference 55.
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Figure 2. 
Opioids and placebo effects. A placebo (red) given after consecutive administrations of 

morphine occurring (a) 1 day or (b) 1 week apart induces a morphine-like effect on pain 

endurance, indicating that the placebo acts as a dose-extending agent despite the washout 

and the half-life of opioids. Data taken from References 20 and 23. Figure adapted from 

Reference 97.
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Figure 3. 
Arginine vasopressin and placebo analgesic effects. (a,b) Vasopressin induces a significant 

increase in placebo effects as compared to oxytocin, saline, and no treatment. The effect size 

is significantly larger (Cohen’s δ = 0.603) in women as compared with a smaller and 

nonsignificant effect of vasopressin on placebo effects in men. In women, (c) dispositional 

anxiety and (d) the significant acute salivary cortisol changes correlate negatively with the 

magnitude of vasopressin-induced enhancement of placebo effects. Red-green refers to the 

difference in pain reports when two distinct visual cues are presented as part of the placebo 

manipulation. The VAS runs from 0 = no pain to 10 = maximum tolerable pain. 

Abbreviation: VAS, Visual Analog Scale. Data from Reference 38.
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Figure 4. 
Reduction of pain (primary outcome) in a hypothetical clinical trial that compares two 

treatments, a and b, and a placebo, c. The treatments a and b are two classes of analgesics. 

The no-intervention arm, x, is needed to detect a genuine placebo effect, i.e., the difference 

between the placebo arm, c, and the no-treatment arm, x.
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