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Abstract

Osteoarthritis (OA) is the most common form of arthritis worldwide, affecting ~500 million 

people, yet there are no effective treatments to halt its progression. Without any structure-

modifying agents, management of OA focuses on ameliorating pain and improving function. 

Treatment approaches typically have modest efficacy, and many patients have contraindications to 

recommended pharmacological treatments. Drug development for OA is hindered by the gradual 

and progressive nature of the disease and the targeting of established disease in clinical trials. 

Additionally, new medications for OA cannot receive regulatory approval without demonstrating 

improvements in both structure (pathological features of OA) and symptoms (reduced pain and/or 

improved function). In clinical trials, people with OA show high ‘placebo responses’, which 

hamper the ability to identify new effective treatments. Placebo responses refer to the individual 

variability in response to placebos given in the context of clinical trials and other settings. 

Placebo effects refer specifically to short-lasting improvements in symptoms that occur because 

of physiological changes. To mitigate the effects of the placebo phenomenon, we must first 

understand what it is, how it manifests, how to identify placebo responders in OA trials and how 

these insights can be used to improve clinical trials in OA. Leveraging placebo responses and 

effects in clinical practice might provide additional avenues to augment symptom management of 

OA.

Introduction

Osteoarthritis (OA), a disease of diarthrodial joints, affects >500 million adults 

worldwide1,2. Pain and functional limitations are the most common disease manifestations, 
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contributing substantially to disability3. Despite this public health burden, no treatments are 

available to prevent disease progression. Management focuses on symptom relief, though 

recommended treatments have modest efficacy, and many patients have contraindications 

for mainstay pharmacological treatments such as NSAIDs. With inadequate management 

options, knee and hip replacement surgeries, which are reserved for end-stage disease, 

are increasingly used4, and opioids are frequently prescribed for OA despite not being 

recommended by treatment guidelines5. Thus, an unmet need exists to identify safe and 

effective management options, particularly given the rising prevalence of OA in the setting 

of an aging population and the obesity epidemic.

Many promising agents have been developed and tested for efficacy in OA, particularly 

of the knee, which is the most common symptomatic joint, but they have largely failed 

in clinical trials6–9. Drugs cannot receive regulatory approval as disease modifiers without 

demonstrating improvements in both structure and symptoms. However, studying the effects 

of a structure-modifying intervention in OA is challenging because of the slow, progressive 

nature of the disease. Such trials require large sample sizes and long follow-up10. Although 

some trials have demonstrated potential structure modification, they have been hampered by 

a lack of symptomatic benefits11.

The placebo phenomenon is a broad concept that refers to the observation that a patient’s 

symptoms can improve after receiving an intervention, even if the intervention itself is 

inactive or has no specific therapeutic effect. This phenomenon can occur in different 

settings, such as clinical trials, medical practice and everyday life, and it includes placebo 

effects and placebo responses. Placebo effects are the improvements in symptoms 

that occur because of physiological changes. These effects are typically attributed to 

patients’ expectancy that the treatments will be effective, previously learned therapeutic 

experiences, benefits observed in others and the patient–provider interaction that can in turn 

activate endogenous brain mechanisms and produce measurable physiological and biological 

changes. Placebo responses refer to the individual variability in response to placebos given 

in the context of clinical trials and other clinical settings. Placebo responses are related to 

factors such as the nature of the illness, bias, co-interventions and the characteristics of the 

treatment itself. In this Review, we discuss the placebo phenomenon and how it influences 

drug development and therapy in OA. Trials in OA are recognized to have high placebo 

responses (with spontaneous improvements resulting from natural disease fluctuations 

that are not attributable to placebo effects), making it difficult to demonstrate symptom-

modifying efficacy12,13. Even exercise, which is considered first-line OA management, 

has recently been questioned as potentially being no better than placebo14,15. The need 

to identify effective therapies in OA necessitates understanding the role of the placebo 

phenomenon in clinical trials. To do so, we must first understand placebo effects and placebo 

responses, their manifestation, and identification of placebo responders. Notably, placebo 

effects have implications for symptom management and care. We propose that leveraging 

the placebo phenomenon in drug development and ultimately in clinical practice can provide 

additional options to augment OA symptom management. Future efforts should be made to 

disentangle the role of nocebo effects in OA drug development and clinical practice (Box 1).
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Placebo effects: physiological mechanisms

Linked to psychobiological changes, placebo effects refer to beneficial effects produced by 

a placebo drug or treatment or a manipulation of the participant’s belief, which cannot be 

attributed to the properties of the placebo or manipulation itself. Rather, placebo effects are 

results of the cascade of neurobiological changes related to expectancies, prior therapeutic 

experiences, observation of benefits in others, contextual and treatment cues, and the overall 

interpersonal interactions between the patient and the heath care provider16. The inclusion 

of a no-intervention arm and possibly a measurement of expectations are critical study 

design elements that can dissociate placebo effects from placebo responses and related 

potential confounding factors. By having a no-treatment group or non-intervention 

group, researchers can compare the observed changes in this group with those in the placebo 

group. If the placebo group shows significantly greater improvements than the no-treatment 

group, it suggests that the placebo treatment itself (with its psychological and contextual 

factors) has contributed to the observed changes. By contrast, if there are no significant 

differences in the observed changes between the placebo group and the no-treatment group, 

it suggests that the observed improvements are more likely attributable to non-specific 

factors rather than to placebo effects themselves.

Biological and learning mechanisms involved in placebo effects

Placebo effects engage several neurobiological and physiological mechanisms, including 

the endogenous opioid, serotonin, β-adrenergic, dopamine, endocannabinoid, oxytocin and 

vasopressin systems, as well as modulation of peripheral cytokines16–18. Mechanisms of 

placebo effects depend on the target system and illness.

Placebo hypoalgesia, the reduction of pain in response to placebos16, is a form of 

endogenous pain modulation that depends on the activation of descending neural pathways, 

which inhibits pain signalling19,20.

Classic conditioning-mediated placebo effects can induce immune responses21,22 and affect 

disease progression, as demonstrated in a rat model of rheumatoid arthritis (RA)23. 

In this model, a saccharine-flavoured solution was paired with the immunosuppressant 

cyclophosphamide in rats, and after several paired administrations, the conditioned 

stimulus (saccharine solution alone) caused immunosuppression, producing a placebo-like, 

measurable, physiological effect24.

Placebo effects mediated by classic conditioning processes are also observed in clinical 

settings. For example, in one study, children received chemotherapy paired with taste and 

smell stimuli, and a ‘chemotherapy-like treatment effect’ was achieved using taste and smell 

stimuli alone in half of the monthly chemotherapy sessions25. The term ‘chemotherapy-

like treatment effects’ refers to observed outcomes or responses that resemble the 

effects typically associated with chemotherapy. These effects can include improvements 

in symptom relief, changes in physiological markers, or other relevant indicators that are 

commonly associated with chemotherapy treatment25. In another study, patients receiving 

cyclophosphamide for multiple sclerosis were conditioned with an anise-flavoured syrup and 

displayed conditioned immunosuppression during a test session, as evidenced by decreased 

Neogi and Colloca Page 3

Nat Rev Rheumatol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peripheral leukocyte counts26. Similarly, repeated Pavlovian pairings between cyclosporin 

A and a flavoured drink can produce conditioned immunosuppression, as assessed by the 

expression of IL2 and IFNG mRNAs, in vitro release of IL-2 and IFNγ and lymphocyte 

proliferation27.

These findings indicate that conditioned physiological responses can contribute to placebo 

effects in humans and can be deliberately used in pain and immune pharmacotherapy with 

potential clinical implications for structure-modifying interventions in patients with OA 

(Box 2).

The role of expectancies and expectations

Expectancies, or subjective predictions of future events, can trigger neural responses28, and 

could contribute to improvement of clinical outcomes29–31. As an illustrative example, 

honeybees that are exposed to a frequent rewarding system develop expectancies in 

anticipation of upcoming rewards32. These expectancies influence their behaviour later 

on, even when there are no immediate rewards. It is plausible to think that as we move 

up the evolutionary scale, conscious cognitive abilities have a greater role in shaping 

expectations30. Expectancies can be unconscious, and consequently are difficult to measure 

in clinical trials and practices. In fact, there is some overlap between conscious and 

unconscious processes. By contrast, expectations (which are by definition conscious) can 

be measured at baseline before a treatment is administered (when establishing patient 

consent), during the treatment administrations and at the follow-ups. Quantitative measures 

of expectation can be associated with placebo effects but do not necessarily mediate these 

effects33 because placebo effects can occur without any expectation of benefits.

In clinical settings, expectations are affected by the way in which a medication is described, 

or ‘framed’. For example, in postoperative settings, morphine administered along with the 

statement “the treatment that you are about to receive is potent in relieving your pain” 

induces a stronger analgesic effect than covert administration in which the patient is unaware 

of the timing of morphine administration34. In this situation, potential awareness of the 

upcoming treatment administration (resulting in treatment or stimulus expectancies) and 

the information related to the therapeutic effect (giving outcome or response expectancies) 

conflate, enhancing the overall outcome.

The possibility that expectations influence response to treatment in OA trials was 

investigated in a randomized controlled trial (RCT) in which participants were randomized 

to genuine or to sham acupuncture, and within each group, further randomized to a 

communication style designed to shape high or neutral expectations35. No difference was 

observed in pain outcomes between genuine and sham acupuncture groups, but independent 

of treatment assignment, the high-expectation communication group had better outcomes 

than the neutral-expectation group.

At the neural level, several studies have addressed the topic of expectancies and outcomes 

in OA. Using functional MRI, the influence of expectancy on analgesia was investigated 

in adults with OA who were treated with genuine or with sham electroacupuncture36. 

Expectancy was manipulated by the use of verbal suggestion that acupuncture would 
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diminish heat pain and by surreptitiously lowering the temperature of a noxious heat 

stimulus applied after an initial heat stimulus and electroacupuncture. Expectancy influenced 

both genuine and sham acupuncture treatment responses. However, brain activity associated 

with genuine and sham acupuncture treatment had specific patterns of blood oxygenation 

level-dependent activity in the lateral prefrontal cortex, suggesting that different brain 

mechanisms mediate responses to these placebo and active treatments36.

Whether boosting patients’ expectations could improve treatment outcomes was investigated 

in patients with OA who were randomly assigned to ‘boosted’ acupuncture (with an 

expectation manipulation), ‘standard’ acupuncture or treatment as usual (the ‘standard’ 

pathway but without acupuncture); the study consisted of 6–10 sessions per patient37. 

Brain imaging scans were acquired during the first and sixth treatment sessions. The 

boosted acupuncture group showed greater pain reduction than the standard acupuncture 

and treatment-as-usual groups. Functional connectivity of nucleus accumbens with medial 

prefrontal cortex/rostral anterior cingulate cortex and dorsolateral prefrontal cortex was 

higher with boosted acupuncture than with standard acupuncture after multiple treatments. 

Additionally, expectation ratings after the first treatment session were associated with 

decreased post-treatment OA pain and increased functional connectivity37.

Introducing proxies of expectations is a useful way to control for the role of expectations 

in treatment outcomes and, to some extent, placebo responses38. Various scales have been 

suggested to measure expectations39, including validated questionnaires39–42 and visual 

analogue scales33. These scales can be framed to assess anticipated outcomes, the desire 

for benefits, allocation guessing and perception of benefits, as well as the patient’s direct 

perceived benefits (such as perceived placebo effects).

Implementing measures to mitigate potential reporting bias and exploring strategies to 

enhance blinding and to minimize the effects of patient and assessor expectations could 

contribute to attainment of a more nuanced understanding of the underlying mechanisms by 

which these factors influence study outcomes. Careful assessment of expectations could help 

to discriminate between changes resulting from placebo effects and those associated with 

positive Hawthorne effects, which are described later in the Review.

How to identify placebo responders: from brain signatures to sociodemographic factors

An important goal is to phenotype individuals who are placebo responders, and to better 

understand clinically measurable factors that influence placebo effects biologically43. Brain 

signatures and genetic and sociodemographic phenotypes can identify placebo responders.

In a study involving brain imaging, participants with chronic knee OA engaged in two 

clinical trials: trial 1 was a 2-week single-blinded study in which the 17 participants all 

received placebo pills, and trial 2 was a 3-month double-blinded randomized study in 

which 20 participants received placebo pills and 19 received duloxetine44. All participants 

underwent baseline and follow-up resting-state functional MRI. A separate ‘no-treatment’ 

natural history group (n = 42) of people with knee OA was also included. In both 

trials, ~50% of participants showed placebo analgesia, and placebo responders were best 

identified by right midfrontal gyrus connectivity. Subtraction of the linearly modelled 
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placebo response from the duloxetine response demonstrated that the right parahippocampal 

gyrus connectivity predicted the drug responses.

A biosignature consisting of dorsolateral prefrontal cortex-precentral gyrus functional 

connectivity was investigated for classification of individuals with chronic low back pain 

into placebo responders and non-responders, with the goal of dissociating the placebo and 

active-treatment responses45 (Fig. 1). Participants were randomized to no treatment, placebo 

or naproxen for 6 weeks after 3 weeks of baseline pre-treatment and followed by 3 weeks 

of post-treatment monitoring. The biosignature separated placebo responses and naproxen 

responses, indicating that at least for these trials, the two effects were additive.

Imaging studies have correlated phenotypic variation with brain structure and function. 

A recent taskforce outlined the potential of using brain imaging for the prediction of 

treatment outcome in patients with chronic pain46. However, challenges remain in relation to 

generalizability, reproducibility, specificity, validity and interpretability43.

Studies in both healthy controls and participants with different chronic pain conditions 

have suggested that placebo effects have genetic and/or genomic components47,48. Genetic 

profiling might therefore contribute to the identification of placebo responders.

In a study comparing patients with chronic pain from temporomandibular disorder and 

healthy individuals, placebo effects in response to painful thermal stimuli were observed 

in both groups, with placebo response rates of 53.4% and 67.8%, respectively33. Placebo 

effects in patients with temporomandibular disorder do not extinguish over time and depend 

on prior therapeutic experience49. These effects are predicted by learning patterns when 

latent classes are used to identify underlying subgroups within a larger population based 

on their response patterns50, and are affected by race (with larger placebo effects occurring 

when participants and experimenters are of the same race)51 and sex (with larger placebo 

effects in women than in men)52,53. Placebo mechanisms in healthy individuals differ from 

those in patients with temporomandibular disorder54. The psychological characteristics of 

lower emotional distress, lower pain-related fear and less catastro-phizing are associated 

with greater placebo effects54–56. Therefore, participants with emotional distress and 

maladaptive cognitive pain appraisals benefit less from placebo effects. The weaker placebo 

effect in these participants may account for their poorer treatment response (presumably, 

because they cannot activate a placebo effect to augment treatment effects).

An example of predictive modelling of placebo responses in OA trials

Data from two phase III RCTs (NCT02697773 and NCT02709486) in OA of subcutaneous 

tanezumab (an antibody targeting nerve growth factor that is no longer in development) were 

analysed to assess patient-related factors predicting treatment and placebo responses57–60. 

Factors such as baseline pain variability, use of rescue medication and excessive variability 

of pain ratings were investigated to account for treatment-effect heterogeneity. The two 

phase III RCTs included participants with moderate-to-severe OA who were randomly 

assigned to either subcutaneous placebo (n = 514) or tanezumab (n = 514). Secondary 

analyses were performed using machine-learning approaches (such as gradient-boosted 

regression trees and Virtual Twins models) to identify factors that predicted the pain scores 
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of the Western Ontario and McMaster Universities Osteoarthritis Index. The relationship 

between each variable and the response to placebo or tanezumab within the models was 

also assessed, and subgroups with differential reactions to active treatment and placebo 

were determined. The results were that baseline pain severity and Kellgren–Lawrence grade 

of radiographic OA severity were positively associated with placebo responses. These 

characteristics suggest heightened expectations and expectancies that a novel treatment 

might provide relief in patients with severe disease. Longer OA duration and previous 

medication failures predicted treatment responses. One possibility is that a combination of 

factors predicting placebo and treatment responses determine the overall treatment efficacy. 

Whether factors identified in one study to predict placebo or treatment responses would also 

predict treatment outcomes in other studies is not yet known.

Variables related to the patient, such as sex, race, concomitant medical conditions and 

medications, as well as their individual expectations and prior experiences with therapy, can 

influence the response in both treatment and placebo groups17,33,61,62. The ability to identify 

patients based on their differential responses to treatment and placebo could improve clinical 

trial designs, assay sensitivity and outcomes, and ultimately contribute to the development of 

precision medicine for the treatment of pain in OA63.

Ideally, an extension of this approach to OA (and other conditions) will leverage 

discovery of clinical phenotypes to improve trial designs, including consideration of the 

appropriateness of using the identified factors to randomize participants with the target 

phenotypes equally across groups and/or restrict them when a new clinical trial design 

is developed. Large datasets treated with appropriate statistical, machine learning and/or 

artificial intelligence approaches could help to identify clusters of features that can be 

used to guide treatment choices, which in turn will help to move OA management 

towards precision medicine. In addition to analyses of patient data using machine learning 

and artificial intelligence approaches, similar methods could be employed to identify 

characteristics of investigators that are associated with greater placebo responses. These 

characteristics might include the investigators’ cultural backgrounds, personality traits and 

their knowledge and beliefs about the verum and placebo. This approach could help to 

elucidate the complex interactions between investigator characteristics, patient expectations 

and treatment outcomes, contributing to a deeper understanding of the placebo phenomenon 

in clinical trials.

Placebo responses in clinical trials: in search of the optimal study design

Understanding placebo responses to improve clinical trials is important, particularly in a 

disease such as OA in which long trial durations are often necessary. The placebo response 

in RCTs is generally recognized to be a factor that must be accounted for, either by trying to 

minimize its presence, or by ensuring an adequate sample size to overcome it. Large placebo 

responses can decrease one’s ability to distinguish treatment effects, thereby potentially 

keeping effective therapies from being approved by regulatory agencies.
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From confounding factors to randomization

Frequently, the clinical response observed in the placebo group is inaccurately attributed 

to placebo effects. To identify placebo responses, it is crucial to conduct an adequate 

evaluation of factors that could be confounders64,65. These confounding factors include (but 

are not limited to) natural history, regression to the mean, bias, measurement errors 

(false-positive and false-negative errors) and even unidentified co-interventions66 (Fig. 2). 

For example, flares in OA are frequent, and the challenge lies in distinguishing the genuine 

effects of treatment (including placebo effects) from the influence of flares and regression to 

the mean. Typically, participants are enrolled in trials during a flare to meet inclusion criteria 

related to pain severity. As a result, a substantial portion of the observed improvement 

at trial end points (especially in trials lasting for months) is often attributable more to 

regression to the mean than to specific placebo effects. Careful study design, statistical 

analysis and appropriate control groups can help researchers to accurately interpret 

treatment responses and discern the actual contributions of placebo effects in the context of 

OA clinical trials.

The Hawthorne effect – that patients can experience therapeutic benefits simply from being 

included in a clinical trial – is another factor to consider67–69. Hawthorne effects refer 

to the phenomenon whereby individuals modify their behaviours or responses in research 

or clinical settings because of the awareness of being observed or studied. In the context 

of clinical trials, patients might alter their symptom expression to align with what they 

perceive as the expectations of the investigators, or to please their physicians70. Additionally, 

social interaction among participants in a trial could potentially contribute to alterations 

in outcome measures71. This effect is attributed to the desire to comply with perceived 

expectations, or to the belief that positive responses will lead to better outcomes69. The 

issue of participants’ willingness to please assessors and its potential influence on observed 

outcomes warrants further consideration. For example, improvements observed in clinical 

trials that use subjective assessment tools can sometimes disappear after the trials end72. For 

example, in a study of participants with RA, almost half of the improvement measured using 

the subjective Health Assessment Questionnaire score vanished in a non-sponsored follow-

up study conducted by different investigators, despite treatments remaining unchanged and 

the Health Assessment Questionnaire score remaining stable during the trial72. A substantial 

proportion of improvements in pain, patient global assessment and fatigue also disappeared 

in the follow-up study. These findings highlight the influence of investigators’ expectations 

on participants’ responses and the participants’ inclination to ‘reward’ their supportive 

investigators. Finally, the notion that positive Hawthorne effects are merely psychological 

in nature is being challenged by results demonstrating reduced pain intensity and activation 

of underlying brain processes during patient–clinician interactions73. Additional functional 

MRI studies and other research is necessary to disentangle the contributions of placebo 

effects and Hawthorne effects to subjective scores, such as pain assessments. Furthermore, 

understanding the effects of investigator and assessor beliefs and expectations on treatment 

outcomes should be a focus of further investigation, especially in the context of individual 

variability and multicentre trials.
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RCTs that only include a new-treatment group, an active-control group and a placebo 

group but that lack a no-treatment control group, might capture various effects that can 

potentially obscure real outcomes66. An example of a no-treatment control group is the 

wait-list group of participants who receive delayed treatment or intervention after a waiting 

period. The wait-list group serves as a comparison group to assess the effectiveness of 

a delayed intervention or treatment by comparing its outcomes to those of patients who 

received the intervention immediately. This strategy is often used in OA exercise trials where 

blinding is challenging. When a placebo comparator or a wait-list group is not possible, such 

as in circumstances in which it is unethical to use one or when a placebo is not readily 

available, RCTs can compare a new treatment with the standard-of-care treatment (the active 

control group). Thus, to accurately measure placebo effects, it is essential to include an 

untreated control group (the standard-of-care treatment group) in clinical trials to identify 

other non-specific effects74.

The use of wait-list groups as controls in RCTs is not without its limitations. Participants 

in these groups are often aware of their exclusion from the study, which can introduce 

biases. Hawthorne effects, both positive (such as limiting pain complaints in response to 

assessor kindness) and negative (such as exaggerating assessments to align with perceived 

investigator expectations or to express frustration), can influence outcomes.

The benefit of randomization in a trial is related to the balancing of both known and 

unknown confounders across trial treatment groups, so that any differences in outcome 

between the groups can be ascribed to the intervention rather than to extraneous factors. 

Furthermore, there are many factors beyond the intervention that can lead to improvement, 

thus necessitating a comparator group, which is customarily a placebo when ethically 

feasible. The difference in improvement between the intervention group and the placebo 

group is attributed to the benefits of the intervention. This approach presupposes that the full 

benefit of the intervention, which reflects the specific biological effects of the intervention 

plus the many factors involved in the placebo responses that can lead to improvement, is not 

as important as the specific component directly attributable to the biological mechanism of 

the intervention.

Study designs

Various clinical trial designs have been used for the separation of placebo effects 

from treatment effects17,75. The placebo-controlled design is commonly used, but other 

designs such as the balanced-placebo design76, double-blind versus deceptive 

design77, open–hidden treatment administration34,78,79, open-label placebo 

design80,81, dose-extending placebo design82, free-choice design83, sequential parallel 

comparison84 and enriched enrolment with randomized withdrawal design85 have been used 

in various settings.

Balanced placebo.—The balanced-placebo design was formulated in 1962 (ref. 76) and 

is a research method used for the investigation of the psychological effects of a drug by 

manipulating participants’ expectations of receiving the drug. In this design, participants are 

randomly assigned to one of four groups: those who receive the actual drug and are told 
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that they are receiving it (true-drug group), those who receive a placebo and are told that 

they are receiving the drug (placebo group), those who receive the actual drug but are told 

that they are receiving a placebo (hidden-drug group), and those who receive a placebo and 

are told that they are receiving a placebo (control group). By comparing the responses of 

these groups, researchers can determine the extent to which expectations of receiving a drug 

influence the reported effects of the drug. The design helps to control for placebo effects and 

provides valuable information on the pharmacological and psychological effects of a drug. 

In a hypothetical OA trial of a structure-modifying drug, this design would enable the ‘true’ 

treatment effect to be determined by comparing the relative 2 × 2 differences in objective 

and subjective outcomes (Fig. 3). For example, the differences in outcomes between the 

true-drug group and the placebo group provide insights into the true treatment effect while 

accounting for expectancies. Comparison of the hidden-drug group and the control group 

provides insights regarding synergistic and additive treatment and placebo effects.

The balanced-placebo design enables isolation of treatment efficacy under the reduced 

(treatment given as a placebo) and augmented (treatment given as treatment) expectation 

effects on symptom and structure modifications. An authorized deception86 in consenting 

prospective study participants would enable implementation of this design in real-world 

settings. Currently, it is not known whether regulatory agencies would accept such a 

design for a clinical trial. It would be interesting to establish whether, if an OA trial has 

demonstrated some structural benefits but no symptomatic benefits, the balanced-placebo 

design might enable identification of symptomatic treatment efficacy.

Double-blind versus deceptive.—The double-blind-versus-deceptive design compares 

administration of an active drug or placebo in a double-blind setting to deceptive 

administration of the same drug. For example, in a study in which patients received 

a basal saline infusion and were told that it could be either a placebo or a painkiller 

(double-blind administration), or they were told that it was a potent painkiller (deceptive 

administration), the subsequent requirement for opioids was lower in the double-blind group 

than in patients given no information about the basal infusion, and was lower still in the 

deceptive-administration group87, emphasizing the importance of expectancy in treatment 

response.

Double balanced placebo.—The balanced-placebo design and double-blind-versus-

deceptive design both have their merits but one limitation is that some investigators might 

be aware of the treatment given, which would compromise the benefits of double-blinding. 

More sophisticated designs can be imagined, such as the double balanced-placebo design 

that would involve additionally manipulating the investigator’s knowledge of the drug given, 

to better assess the relative effects of patient expectations and investigator expectations on 

the study outcomes. Implementing a double balanced-placebo design could provide valuable 

insights into understanding the influence of different expectations on treatment outcomes, 

while addressing the limitation of investigator awareness.

Overt–covert.—An overt–covert (also called open-hidden) treatment administration 

procedure can separate active treatment from psychosocial effects without any placebo 
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treatment34,78,79. For the covert administration, the onset of delivery of the treatment 

remains unknown, but to minimize deception, patients know that they are being treated88.

Open label.—Open-label-placebo designs involve the use of adjuvant placebos given along 

with standard treatments89. This design has shown that even when patients are informed 

that they are receiving a placebo rather than an active treatment, they still experience 

improvements in their symptoms. Unlike traditional designs, in which the patient is not 

aware that they are receiving a placebo, open-label placebos are administered with full 

disclosure to the patient.

Free choice.—Another emerging methodology is the free-choice design83, in which 

participants are typically presented with a range of alternatives or stimuli and are given 

the autonomy to select the option that best aligns with their preferences or interests. The 

free-choice design has several key aspects. The first involves autonomy and freedom, as 

participants have the freedom to select their preferred option, enabling researchers to study 

the genuine choices made in accordance with individual motivations and preferences. The 

second is the naturalistic setting, as free-choice designs create an environment that simulates 

the conditions individuals encounter when making choices in their daily lives. The third 

aspect is that of individual differences, as free-choice designs acknowledge and capture the 

individual differences in decision-making processes and preferences. However, a problem 

with this design is the lack of random assignment to the experimental conditions. Despite 

this limitation, this design enables participants to freely choose, so that researchers can 

observe variations in choices and investigate the factors that influence decision outcomes.

Replication and assay sensitivity

Some 60–90% of the results of published clinical-research studies cannot be replicated90. 

In a meta-analysis across all scientific research areas to identify factors associated with bias 

and lack of replicability, small-study effects, publication bias and citation bias were the most 

common issues91. Small-study effects, in which smaller studies report larger effect sizes, 

were the most notable source of bias. However, ignoring the impact of placebo responses 

and effects can also contribute to replication failure.

The ‘decline effect’ is a phenomenon in which initial studies tend to overestimate the 

magnitude of a particular psychological or physiological effect compared with later studies. 

This decline in effect size could be the result of various factors, including regression to the 

mean, natural history, quality of blinding and placebo effects92. A decline in effect is often 

noted with respect to promising results from phase II trials that fail to replicate in phase III 

trials. A recent evaluation illustrated that 55% of phase III trials failed because of a lack of 

efficacy, and all of these trials were presumably based on promising efficacy data at earlier 

phases93.

Placebo responses decrease the ability of clinical trials to detect true treatment effects. 

The development of novel therapeutics requires study designs that have sufficient assay 

sensitivity and reproducibility to detect genuine differences between the study treatments 

and placebo across multiple studies. As indicated previously, placebo responses can be 

substantial in OA trials. A meta-analysis reported that the effect size for placebo effects 
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for pain outcomes was 0.51 (95% CI 0.46–0.55), which is better than many standard OA 

treatments13. Additionally, the effect size for no treatment was 0.03 (95% CI −0.13 to 0.18), 

providing an example where natural history gives a useful comparison with placebo and 

illustrates the size of placebo effects.

Additivity versus synergism

The gold standard to prove efficacy often assumes additivity, so that the effect of a 

treatment is the result of subtraction of the effect observed in the placebo group from 

the effect observed in the active-treatment group94. Additivity has been extensively 

discussed in relation to placebo analgesia95, and additive96 and synergistic effects have 

been documented95. Several assumptions about the additivity of placebo effects and their 

components are challenged by results from many studies17,64,65. First, it assumes that a 

simple two-group design with a single placebo comparison group is sufficient to capture 

placebo effects and their interactions with the active treatment, and therefore is sufficient to 

determine that the active treatment effect is real. We now know that placebo effects consist 

of multiple dissociable mechanisms, so a simple additive notion to explain treatment effect is 

probably not accurate16.

Another challenge in OA trials is the concern that placebo effects are greater for subjective 

than for objective outcomes97. Several studies have shown discordance between the 

observation of structural or biochemical improvement and a lack of effect on subjective pain 

outcomes, raising concerns about placebo responses in subjective outcomes in OA obscuring 

real structural or biochemical treatment effects7,11. In further elucidating the conundrum 

of objective versus subjective outcome improvements, it might be helpful to consider a 

placebo study that compared the effects of a bronchodilator, two placebo interventions, and 

no intervention on outcomes in patients with asthma98. The results showed that albuterol 

increased lung function compared with the placebo interventions or no intervention. 

However, patient self-reported improvement ratings did not differ between albuterol and the 

placebo interventions, and all three interventions resulted in greater subjective improvement 

than in the no-intervention arm. The conclusion was that placebo effects can be clinically 

meaningful in patients with asthma, but patient self-reported outcomes can be unreliable, 

and an assessment of the untreated response might be essential in evaluating patient-reported 

outcomes98. By contrast, an evaluation of five RCTs in RA called into question the 

meaningful difference in placebo responses between subjective and objective outcomes97. 

It should be noted, however, that it is challenging to address the potential for regression to 

the mean for some objective outcomes such as inflammatory markers that might be elevated 

in the midst of a flare when participants are more likely to enter a trial.

Other factors to consider in study design and analysis include differences in outcome 

perception between patients and caregivers (and clinicians), and the choice of outcomes, 

such as using pain disability versus pain intensity17. Variation in patients’ responses to 

treatment, which is also referred to as treatment-effect heterogeneity, could contribute to 

differences in treatment response99. In particular, baseline pain variability and excessive 

variability of pain ratings have been associated with treatment-effect heterogeneity100,101.

Neogi and Colloca Page 12

Nat Rev Rheumatol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Screening

Screening out placebo responders in OA clinical trials might increase the opportunity to 

detect treatment effects102. The assumption is that removing placebo responders could 

help to maximize the overall effect of the active treatment. However, excluding placebo 

responders from clinical trials can be detrimental, because placebo responders often respond 

to treatments. It might be assumed that placebo responses are reproducible, and it is clear 

that some people respond to placebos over time103, whereas others do not. However, 

whether placebo responsivity is reproducible103 (that is, whether it is a state or a trait) 

across contexts is not known104. Measurements of expectations can help to predict changes 

in outcomes, but not necessarily to identify placebo responders and non-responders.

Blinding

Examination of blinding strategies, including the assessment of unblinding during the trial 

and its potential effects, enhances study robustness and strengthens the validity of the 

findings. Regularly checking participants’ beliefs regarding the treatments they are receiving 

(verum versus placebo) during the trial can help to identify and correct any unblinding 

bias that can occur, which becomes especially important for injectable OA treatments such 

as hyaluronic acid, where the viscosity of the verum can potentially reveal its identity, or 

for platelet-rich plasma treatments in regions where local regulations require preparation 

in plain view of the patient. The concept of blinding in trials is often disputed, and 

concealment is frequently imperfect105. Inadequate or unclear allocation concealment can 

lead to exaggerated effect estimates in trials with subjective outcomes, such as pain106. Last, 

but not least, the importance of information leaflets and their clarity in clinical trials should 

be considered.

Commercial leaflets

Commercial leaflets often fail to acknowledge the possibility that a drug or procedure 

might induce improvement through various placebo phenomena. Although the placebo 

phenomenon is typically briefly described in the information sheets provided to patients 

before entering a trial, it would be valuable to assess through short questionnaires 

what participants enrolled in OA trials truly understood after reading this information. 

Commercial leaflets are also influenced by cultural factors, which contribute to the 

variability in placebo responses observed in RCTs of pharmacological treatments, as 

demonstrated for ulcers, hypertension and other conditions107. By examining participants’ 

comprehension of placebo-related information (including sharing clinical notes)108 

researchers can gain insights into how effectively this important aspect is conveyed and 

whether there is room for improvement in enhancing patient understanding and informed 

consent.

Geographic and cultural aspects

Geographic and cultural aspects that contribute to variability in placebo responses include 

social, environmental and lifestyle factors that can influence individuals’ expectations and 

perceptions of treatment. Results from a three-group study of acupuncture for xerostomia 

(dry mouth) among patients with head and neck cancer illustrate the effect of culture and 
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context. The study compared sham acupuncture (wrong body points), real acupuncture 

(correct body points) and standard therapy without acupuncture in centres in China and 

the USA109. The effectiveness of sham acupuncture differed between the USA and China. 

Thus, context (in this case, location) trumped the treatment effects in a direct way. 

Guidelines would have approved acupuncture based on the US results, but not the Chinese 

results110. Various features of treatments, including cost (more expensive treatments are 

associated with greater placebo effects)111,112, generic versus branded labelling113 and 

administration route (placebo tablets versus injection)114 affect placebo responsivity. In OA 

trials, more-invasive placebos, such as intra-articular injections (and also topical treatments), 

are associated with greater placebo responses than oral placebos12,13.

In summary, to confirm the presence of placebo effects, it is essential to demonstrate a 

distinction between the natural history experienced in the no-treatment group, which reflects 

spontaneous changes in symptoms, and the placebo group. Many studies have investigated 

the role of patient characteristics and trial design factors that might affect patient response to 

placebos or treatments.

Implications for clinical care

An unmet need exists for effective OA therapies. We believe that one way to remedy 

this situation is to leverage placebo effects. One could envision that, in the future, 

treatment plans could incorporate placebo-related procedures (such as open-label or dose-

extending designs) as well as strategies to shape expectations of benefit and patient–provider 

communication and interactions. Precision medicine could help by incorporating biological 

and clinical phenotypes so that therapeutic strategies are guided by individuals’ treatment-

response and placebo-response profiles (Fig. 4).

Open-label placebos

Clinicians are often concerned with the moral and ethical appropriateness of attempting 

to leverage placebo effects as potentially being dishonest about the ‘true’ efficacy115. In 

this regard, the use of the open-label placebo procedure merits consideration and further 

investigation in OA. This design has been used in proof-of concept trials for irritable 

bowel syndrome in adults81,116 and children117, and for chronic low back pain118,119, 

depression120, rhinitis121, cancer-related fatigue122 and menopausal hot flushes123.

Criticisms of the open-label placebo approach relate to the clinical implications (such as 

the consequences of prescribing placebos), recruitment biases, blinding and randomization. 

However, by eliminating the ethical dilemma of deception, open-label placebos can 

potentially be used for the mitigation of chronic pain. Open-label placebos can improve 

knee pain in older adults with symptomatic knee OA124, but they do not affect functional 

limitation or mobility of the knee. Patients with severe disease might have heightened 

expectancies of benefit because of the content of verbal suggestions. However, it seems 

that the specific content of the verbal suggestion does not substantially influence the 

effectiveness of open-label placebos. Overall, open-label placebo administration can be 

considered as a supportive analgesic treatment option for symptomatic knee OA in elderly 

patients, but further research is needed to explore the potential benefits and limitations 
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of this approach. It is also worth noting that open-label placebo treatments should not be 

viewed as a replacement for other conventional treatments or interventions for knee OA, but 

rather as an adjunctive therapy that can complement other treatments.

Dose-extending placebos

Dose-extending placebo procedures can be used for the maintenance of clinical therapeutic 

responses82. In this approach, a cue paired repetitively with a given pharmacological 

treatment induces a treatment-like response that maintains the therapeutic effect with a 

sub-clinical dose or without the active treatment125–127. By this method, the placebo effect 

can decrease the total dose of active medications required for a clinical response, including 

opioids for pain following spinal cord injury126, stimulants for attention-deficit hyperactivity 

disorder127, glucocorticoids for psoriasis125, zolpidem for insomnia128, desloratadine for 

allergic rhinitis129 and immunosuppressive drugs following renal transplantation130.

This area of research harnesses placebos to improve therapeutic outcomes using learning-

based approaches that elicit behavioural and physiological responses resembling those 

produced by active drugs131–133. Results indicate that placebos associated with repeated 

administration of active treatments, such as morphine, can acquire drug-like properties, such 

as pain reduction, in both humans134,135 and animals136. Furthermore, the effects achieved 

by this method are more pronounced than those achieved by administering placebos 

alone135,137–140. If placebos administered in a learning-based manner can enhance and 

replicate the actions of active drugs, they could be employed to regulate pain and other OA 

symptoms, potentially minimizing the adverse effects and drawbacks associated with the 

continued use of active drugs. Importantly, a patient’s pre-authorized use of placebos avoids 

ethical challenges linked to deception and aligns with professional norms of disclosure and 

informed consent. When robust evidence indicates therapeutic benefits comparable with 

standard treatment, the consideration of introducing pre-authorized, dose-extending placebo 

use into clinical practice becomes warranted.

Preoperative opioid utilization in patients undergoing joint-replacement surgery is linked 

to unfavourable postoperative consequences, such as increased risks of surgical-site and 

periprosthetic infections, higher rates of revision surgery, reduced improvement in pain and 

function, persistent opioid use after discharge, longer hospital stays and elevated healthcare 

costs141–144. The high rates of joint-replacement surgeries in OA, along with the role of 

preoperative opioid use, makes this area an intriguing one for the optimization of dose-

extending placebo effects.

Exploring the preoperative rationalization of opioids by leveraging placebo analgesic 

mechanisms, whether through open-label placebo, dose-extension placebo or other designs, 

has great clinical potential. Promoting and researching such strategies could have 

meaningful implications for the improvement of patient outcomes, reduction of healthcare 

costs and addressing the issues associated with opioid use in the context of OA-related 

joint-replacement surgeries.
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Leveraging placebo effects therapeutically without any placebos

The use of drugs or procedures primarily based on their placebo effects, especially when 

they have adverse effects and high costs, raises its own ethical concerns. Pharmaceutical 

companies and healthcare providers might benefit from the placebo use more than the 

patients themselves. Patients might then be exposed to ineffective, costly and potentially 

risky therapies or procedures, diverting medical resources and funding from other needed 

areas. Furthermore, it is likely that resources are unnecessarily expended because of under-

recognition of the fact that improvements that are attributed to drug therapies might actually 

result from regression to the mean. If improvements are mistakenly attributed to the drug’s 

effectiveness without considering regression to the mean, it can lead to unnecessary use of 

the drug in cases where natural variations would have resulted in improvement regardless 

of the treatment, leading to the overuse of certain medications and unnecessary resource 

expenditure. These concerns and others suggest that it would be unethical to endorse the use 

of active drugs that work as placebos and that are not cost free.

One way to leverage placebo effects without giving placebos is to discuss therapeutic 

options in a positive manner, which can improve treatment outcomes. For example, in an 

RCT of acupuncture in which participants were randomized to a high-expectation or a 

neutral-expectation communication style, the high-expectation groups had better treatment 

outcomes35. It is likely that a combination of factors associated with placebo responses 

(and placebo effects) could result in improved treatment outcomes. Thus, one way to 

leverage placebo effects is to augment the therapeutic alliance between healthcare providers 

and patients to support positive patient expectations of improvement. The observation of 

improvement following opioid intake provides an example of the role of expectations and 

placebo effects and/or responses. Particularly in patients with chronic conditions such as 

OA, a substantial portion of the overall effect of opioids can be attributed to expectations and 

placebo effects and/or responses. This observation highlights the potential role of patients’ 

expectations, conditioning and the contextual factors surrounding opioid administration 

in influencing treatment outcomes. Furthermore, the limited availability of double-blind, 

placebo-controlled trials examining the short-term and long-term efficacy of opioids in OA 

emphasizes the need for more rigorous research in this area to better understand the specific 

contributions of opioids and placebo effects in managing OA-related symptoms.

Regardless of the potential to leverage various placebo strategies in clinical practice, 

discussion of the risks and benefits and understanding of placebo mechanisms are important 

aspects of informed consent145,146 and shared decision-making147. For such healthcare 

provider–patient relationships, communication style and framing effects148 are important. 

A clinician who conveys too much negativity about the potential for a therapy to provide 

benefit, or who is too cautious regarding the patients’ concerns about overstating benefits or 

underplaying risks, can negatively influence the eventual perceived treatment benefits.

Some of these ethical and clinical considerations are also culturally influenced. In some 

regions and cultures, simply making a recommendation to a patient as to what to do would 

be considered paternalistic as patient autonomy is deemed a high priority149. Other related 

factors in patient–clinician communication include patient (and clinician) expectations, 

coping skills and perception of pain severity. Alignment of the expectations of patients 
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and health providers with realistic and achievable benefits is also important. For example, 

zero pain is often not a realistic goal for people with knee OA, whereas improvement in 

physical functioning would be more realistic and lead to improved quality of life with 

reduced treatment burden.

Given these considerations, shaping patients’ expectations, teaching clinicians how to 

communicate with patients in a positive manner and studying the potential use of open-label 

and dose-extension placebos in OA can help to improve treatment outcomes in clinical trials 

and in practice. At the same time, the OA research community must continue to address 

the heterogeneity of study participants enrolled into RCTs with targeted phenotyping to 

match the right treatment to the right patient, and it must improve measurement of relevant 

outcomes (by improving assay sensitivity) to enhance the ability to detect treatment signals.

Conclusions

OA has a substantial public-health burden, as no proven disease-modifying therapies are yet 

available, and symptomatic treatment options are limited. Effective and safe management 

options for OA represent a major unmet need. Identification of placebo responders and 

incorporation of an understanding of the placebo phenomenon into the design of RCTs 

in OA can provide an opportunity for improved detection of treatment effects. Leveraging 

placebo effects in the clinical management of OA can also offer adjunctive treatment options 

to improve symptoms and quality of life in people with OA.
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Glossary

Active-control group
The group assigned to receive a treatment that is known to have physiological effects

Balanced-placebo
The balanced-placebo design refers to a research methodology used in placebo-controlled 

studies to differentiate between the pharmacological effects of a treatment and the 

psychological effects of believing that one is receiving the treatment. In this design, 

participants are divided into groups, and each group receives a combination of active 

treatment, placebo and information about which they have received

Bias
Bias in research refers to an aspect of the study design, data collection or analysis of data 

that can lead to incorrect interpretation and/or conclusions about the results of a study

Control groups
The groups assigned to receive either no treatment or a placebo, enabling comparison to 

determine the effectiveness of the experimental treatment
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Dose-extending placebo
A classic conditioning placebo-related procedure used to extend the effect of the active 

treatment. After repeated pairing of the active full-dose treatment with a conditioning 

stimulus, exposure to the conditioned stimulus, either alone or together with a lower dose 

of the active treatment, mimics the therapeutic effect of the active treatment or extends its 

effect

Double-blind versus deceptive
Comparison between a double-blind and a deceptive design. In the double-blind design 

neither the participants nor the researchers administering the treatments know who is 

receiving the active treatment and who is receiving the placebo. This helps to reduce bias 

and ensures objective evaluation of the treatment’s effects. The deceptive design in the 

context of clinical trials or experiments refers to intentionally misleading participants or 

withholding information about the nature of the treatment or intervention that they are 

receiving

Expectancy
Implicit expectancies are those that are present without full awareness or conscious intent. 

As opposed to expectations, expectancies are difficult to formally measure and quantify

Expectations
Expectations refer to the belief or anticipation that a certain outcome will occur, which can 

be both conscious and unconscious. Expectations can be measured using validated scales 

and questionnaires to assess how strongly participants expect a certain outcome to occur in 

clinical trials and other studies

Hawthorne effects
Hawthorne effects refer to the phenomenon whereby individuals modify their behaviours 

or responses in research or clinical settings because of the awareness of being observed or 

studied

Natural history
The natural history of a condition refers to the expected course and outcome of a particular 

medical condition in the absence of any intervention or treatment

No-treatment group
The group randomly assigned to receive no treatment who provide information about the 

natural history of the condition in the absence of the intervention

Open-hidden treatment
A research design where some participants are aware of the treatment they are receiving 

(open treatment), whereas others are unaware or are kept in the dark about the nature of 

their treatment or the time of administration (hidden treatment). This design enables the 

investigation of how participants’ knowledge or lack thereof about their treatment influences 

treatment outcomes and placebo responses.

Open-label placebo
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An adjuvant treatment given along with the treatment-as-usual to elicit placebo effects. 

Participants and researchers are aware that the treatment being given is a placebo and not an 

active treatment

Placebo
A substance or treatment that is physically inert and has no therapeutic effect on a 

person’s health condition. Non-physical placebos do not involve any tangible substances 

and encompass a wide range of interventions, such as sham procedures, psychological 

interventions and imagined treatments

Placebo effects
Placebo effects refer specifically to short-lasting improvements in symptoms that occur 

because of physiological changes

Placebo responses
Placebo responses refer to the individual variability in response to placebos given in the 

context of clinical trials and other settings

Regression to the mean
The phenomenon where extreme results obtained by chance after a first measurement tend 

to move closer to the mean on repeated measurements, often seen when patients with 

high-activity disease flares are enrolled in trials and experience reduction of disease activity 

that is falsely attributed to the treatment
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Key points

• An understanding of placebo mechanisms and their role in clinical trials is 

important to facilitate the development of new treatments for osteoarthritis.

• Valuable insights on study designs and potential pitfalls for future clinical 

trials can aid researchers in improving research methodologies across 

different health conditions.

• Recognizing the clinical implications and potential benefits of harnessing 

placebo effects can lead to more effective treatment approaches in the 

management of diverse medical conditions.

• Examining opioid reduction in patients undergoing joint-replacement surgery 

for conditions other than osteoarthritis and its effect on outcomes offers 

important insights for optimizing postsurgical care in different health 

contexts.
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Box 1

Knowledge gaps and future directions

Mechanistic research

• Discovering biomarkers (including systemic, imaging and ‘omics’ markers) 

of placebo effects in patients with osteoarthritis (OA)

• Understanding how clinical symptoms and disease-related features of OA are 

associated with placebo effects

• Elucidating the influence of placebo effects on determination of OA outcomes 

such as long-term pain trajectories

• Developing OA models in rodents to study placebo effects

Clinical trials

• Improving measurements of OA symptoms and structural outcomes

• Measuring patients’ and clinicians’ expectations by implementing 

standardized tools

• Implementing study designs in OA clinical trials that better dissociate placebo 

from treatment effects

• Developing predictive models (for example, using machine learning and 

artificial intelligence) to phenotype patients who are placebo responders 

and non-responders and patients who benefit least or most from active and 

placebo treatments

• Avoiding exclusion of placebo responders from clinical trials to optimize drug 

validation and generalization

Clinical practice

• Developing educational programmes to educate providers about the nature of 

placebo

• Evaluating and implementing dose-extending placebo designs to mimic the 

action of drugs used in OA treatment

• Evaluating and implementing open-label placebos as adjuvant treatments to 

OA medications

• Educating clinicians about placebo effects and responses, to train them 

in strategies to achieve supportive and positive communication with their 

patients
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Box 2

Mechanisms of placebo effects

Placebo effects refer to beneficial effects produced by a placebo or treatment or a 

manipulation of a participant’s belief, which cannot be attributed to the pharmacological 

effects of the treatment.

Expectancy, prior therapeutic experiences, observation of benefits in others, contextual 

and treatment cues, and the overall patient–clinical interactions trigger placebo 

responses. The mere act of taking a treatment can engage various neurobiological and 

physiological mechanisms, including activation of the opioid, serotonin, noradrenaline, 

endocannabinoid, oxytocin, arginine vasopressin and dopamine systems, as well as 

modulation of cytokines.
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Fig. 1 |. Brain physiology that predicts placebo effects in OA trials.
a, Functional connectivity of the dorsolateral prefrontal cortex with the precentral gyrus is 

associated with placebo responses in patients with chronic low back pain and osteoarthritis 

(OA). b, Functional connectivity of the nucleus accumbens with the medial prefrontal 

cortex/rostral anterior cingulate cortex and the dorsolateral prefrontal cortex is associated 

with expectation effects in these patients. Higher expectations are associated with lower 

post-treatment OA pain and higher activation in the nucleus accumbens.
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Fig. 2 |. Observed effects involve treatment effects, extraneous factors and placebo effects.
Placebo responses are the combination of placebo effects and extraneous factors, such as 

the nature of the illness, bias, co-interventions and the characteristics of the treatment 

itself. Placebo effects are linked to physiological and biological changes that can occur in 

concomitance with expectancies. Understanding what comprises the observed effects in the 

active intervention group requires understanding of treatment effects, extraneous effects and 

placebo effects.
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Fig. 3 |. Interaction between drug and placebo effects in a hypothetical balanced (crossover) 
placebo OA trial.
The model examines the effects of a treatment and a placebo, as well as their interaction 

in a hypothetical osteoarthritis (OA)trial. The total effect is determined by comparing 

the treatment under investigation with a placebo. The balanced-placebo design predicts 

two types of placebo effects. Placebo 1, which includes both the placebo effect and the 

interaction effect, is determined by comparing the treatment described as the treatment with 

the treatment described as a placebo. Placebo 2, which includes only the placebo effect, is 

determined by comparing a placebo described as the treatment with a placebo described as a 

placebo.
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Fig. 4 |. Translational research from bench to bedside.
This conceptual model illustrates how predictive approaches can guide clinical-care 

decisions. By incorporating various participant characteristics via predictive modelling 

(using traditional statistical analysis, machine learning or artificial intelligence) it is possible 

to identify key features that can phenotype individuals (and investigators) as likely to be 

treatment responders, placebo responders, or both. This knowledge can be incorporated 

into decision-making about adjunct placebo-related treatment options such as open-label 

placebo or dose-extending placebo (or both), or simply harnessing placebo effects without 

any placebo treatments.
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