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KEY POINTS
Question: What is the impact of expectancy effects and functional unblinding in randomized controlled trials (RCTs) of treatments in psychiatry?

Findings: Blinding integrity may be compromised by perceived treatment efficacy and side effects, introducing bias into outcome assessments.

Meaning: Expectancy can influence treatment responses in RCTs. Novel statistical methods and experimental medicine models offer strategies to address this issue. 















ABSTRACT
Importance
Expectancy effects are significant confounding factors in psychiatric randomized controlled trials (RCTs), potentially affecting the interpretation of study outcomes. This narrative review is the first to explore the relationship between expectancy effects, compromised blinding integrity, and the effects of active treatment/placebo in psychiatric RCTs. Additionally, we present statistical and experimental approaches that may help mitigate the confounding impact of expectancy effects. The review concludes with recommendations to enhance the reliability of RCTs in psychiatry.

Observations
The placebo response comprises both specific and non-specific elements, with expectation being a key specific component. Evidence from experimental and clinical studies suggests that expectancy can influence treatment responses in RCTs. Blinding integrity may be compromised by perceived treatment efficacy and side effects, introducing bias into outcome assessments. Treatment expectations can lead to unblinding during RCTs, and meta-analytic data from studies in the fields of psychedelics and anxiety disorders indicate that this can influence effect sizes. Therefore, controlling for expectancy effects is essential when interpreting RCT results. Novel statistical methods, though still in need of further validation, offer strategies to address this issue. Another approach may involve experimental medicine models, which aim to develop objective improvement markers (readouts) less affected by expectancy effects.
Conclusions and Relevance
Expectancy effects represent a significant confound in psychiatric RCTs. We recommend collecting data on treatment expectations alongside monitoring blinding integrity to more accurately interpret study outcomes. Additionally, developing objective readouts that are less confounded by expectancy effects offers another promising avenue for mitigating these confounding influences in psychiatric RCTs.

















INTRODUCTION
Randomized controlled trials (RCTs) are the gold standard when testing the effects of a treatment. However, non-specific confounding effects in RCTs can affect their interpretation.1–3 These include selection bias (i.e., systematic errors arising when the study sample is not reflective of the target population), the so-called Hawthorne effects (i.e., the change in behavior/performance when one knows they are being observed), regression to the mean (i.e., the statistical phenomenon by which subsequent measurements taken from an extreme group will tend to fall closer to the population mean over time), and the effects of expectations, which are related to failure of blinding integrity, and are a component of the placebo response.1
In this review, we focus on the relationship between expectations/expectancy effects, failure of blinding integrity, and effects of active treatment/placebo in RCTs of treatments in psychiatry. 

KEY DEFINITIONS AND CONCEPTS
[bookmark: _Hlk182674916][bookmark: _Hlk182674941]Placebos are pharmacologically inactive agents or sham (i.e., false) procedures given under the pretense of active treatment. In RCTs, improvements in the placebo group are partly attributable to spontaneous remission and other non-specific effects of the care received in an RCT, including support from trial staff or other parallel interventions patients receive during a trial, such as dietary or sleep pattern changes.4,5 Nonetheless, some improvements are specifically attributable to the administration of the placebo itself.4 In fact,  evidence from three-arm studies that include ‘no-treatment’ indicates that administration of placebo yields symptom improvements over and above the natural history of the disease.6 The effects on symptoms specifically attributable to placebo administration are known as ‘placebo effects’, while ‘placebo response’ comprises both non-specific and specific placebo effects.4 Likewise, regarding active treatment, ‘treatment effect’ refers to the improvement in symptoms specifically attributable to treatment mechanisms, while ‘treatment response’ comprises both ‘treatment effects’ and ‘placebo response’.4 Less well-studied than the placebo effect but increasingly recognized is the nocebo effect, comprising the undesirable changes observed in individuals receiving active treatment/placebo in the context of negative expectations or expectancies,7,8 which can manifest as side effects or decreased response to treatment.9–11 As with placebo response and effect, nocebo effects refer to changes in symptoms specifically attributable to nocebo mechanisms, while nocebo response refers to all sources of symptom worsening or adverse events in those administered placebo.4 The placebo effect is not a homogeneous entity. Genetic,12 functional neuroimaging,13,14 neuroendocrine, and neurotransmitter studies15 are revealing some of its neuropsychobiological underpinnings, which have led to the appreciation of its inter-personal and inter-disorder variability. Neurotransmitter systems including catecholamines, opioids, and endocannabinoids appear to be implicated in the placebo response. The main psychological mechanisms mediating placebo effects are thought to be related to implicit and explicit associative learning (i.e., conscious and unconscious learning that occurs through the coupling of an experience with other stimuli and/or its positive and negative consequences), the individual’s expectations of treatment, and the interplay between those factors.16,17 The terms ‘expectation’ and ‘expectancy’ are frequently used as equivalent in the literature. Here, consistent with what has been suggested by others, we use ‘expectancies’ to refer to implicit expectations, and ‘expectations’ in relation to explicit, verbalized constructs.18,19 
Through blinding in RCTs, we assume that the treatment received, whether active or placebo, is concealed from participants and assessors for the duration of the study.20 However, blinding integrity is not always maintained in double-blinded RCTs. Breaches in blinding may occur due to factors concerning participants and assessors, such as perceived or observed treatment efficacy (‘benign unblinding’ if significant improvement leads to broken blinding), the experience of treatment-specific side-effects (‘malicious unblinding’),21–23 and/or factors related to trial design, such as ‘poor matching’, which has historically been an issue in clinical trials, where differences in appearance or taste of placebo and active treatment cause unblinding.24 

EVIDENCE ON PLACEBO RESPONSES TO BIOLOGICAL TREATMENTS ACROSS PSYCHIATRIC DISORDERS
 An umbrella review25 summarizing 1,691 RCTs found that placebo response varied substantially from large effect sizes in disorders such as generalized anxiety disorder (d = 1.85) and depression (g = 1.10), to small effect sizes in disorders such as obsessive-compulsive disorder (d = 0.32) and schizophrenia spectrum disorders (standardized mean change = 0.33). These findings were similar to those reported in a meta-analysis of placebo outcomes in nine psychiatric disorders.26 The umbrella review additionally explored potential correlates of increased placebo responses within and across disorders. Some of these positive correlates included larger sample size and number of centers, which associated with higher placebo response, potentially reflecting inconsistencies introduced in larger trials in training of clinical staff, patient selection, and methodology.25 

WHAT IS THE EVIDENCE THAT EXPECTATIONS CAUSALLY AFFECT PLACEBO AND TREATMENT RESPONSES?
Evidence from experimental studies
Experimental studies in healthy volunteers and in patients support the notion that manipulating expectations can causally influence treatment response. One approach to demonstrate this has been to give verbal and/or written suggestions that a ‘sham’ treatment (e.g., an inactive cream, placebo pill, or saline nasal spray) is a medication with efficacy for a specific symptom. Induction of the symptom then takes place in the laboratory, and when the ‘treatment’ is given, the symptom reduces in intensity as the experimenter suggested it would. Such approaches consistently induce placebo effects in pain,27–29 and can modulate emotional constructs, such as reducing disgust30 or improving sadness induced acutely through music or movies.31–33 However, one can prevent a placebo effect by pairing symptom relief with an alternative explanation for the improvement, such as the experimenter explicitly stating that the stimulus intensity has been reduced.28 This line of research suggests that expectations are the key mediator of placebo-induced improvement. A possible confound with this approach is the potential for demand characteristics or Hawthorne effects. Indeed, in experiments on acute sadness, the effects of the placebo were larger on subjective outcomes compared with autonomic measures,32,33 potentially suggesting responder bias.34 
A more direct way of causally measuring the effect of expectations on treatment response is through the ‘open-hidden paradigm’, whereby active medication is either given to patients in plain view as would be usual clinical practice, or is given covertly, either through verbal instructions that a medication is inactive or by a machine hidden from the patient (e.g., for intravenous infusions). Multiple studies have demonstrated that hidden treatment works, but open treatment is superior in conditions such as acute pain, Parkinson’s disease, depression and social anxiety disorder.35–38 The only difference between open and hidden treatment is the knowledge that treatment is being administered, so the difference in efficacy is thought to relate to expectation effects.39,40 

Evidence from clinical studies
There is some indirect evidence that expectations can affect efficacy of treatments in the context of clinical studies. Efficacy of a treatment is larger when administered in an open-label trial compared with the same treatment administered in double-blind fashion,41,42 presumably because there is more certainty about the treatment received. Supporting this, the more active treatment arms there are in an RCT (i.e., as probability of receiving active treatment increases), the higher the placebo response rate43,44 (although the correlation may not always be perfect, see for instance45). Additionally, recent studies appear to directly evidence a role for expectations in treatment response. In patients with post-traumatic stress disorder, enhanced expectations at baseline were associated with a higher probability of early response to sertraline and greater outcomes at 10 weeks.46 Similarly, in an observational study of patients with difficult-to-treat depression undergoing repetitive transcranial magnetic stimulation, higher positive treatment expectations at baseline were associated with greater odds of remission.47 Nevertheless, although this evidence suggests that expectations might causally moderate treatment response in the context of a RCT, to our knowledge this has yet to be empirically proven.

Expectations and learning reinforce one another
Expectations and learning have been shown to lead to activation of downstream biological systems such as the endogenous opioid and dopamine systems.14,48 It is likely that expectations and learning are inter-related and reinforce each other. Experimentally-induced placebo effects are stronger when verbal suggestions (to induce expectations) are combined with classical conditioning (i.e., learning).5,49 That is, expectations are important in inducing a placebo effect, which can be enhanced or reduced through learning. 
Therefore, baseline expectations might be enhanced or attenuated by experiences that occur during an RCT. For example, a patient might notice a particular symptom, which might have been mentioned as a potential adverse effect of a treatment during the consent process. This knowledge might interact with baseline expectations to enhance the placebo-specific component of that patient’s treatment response. If so, unblinding during a trial could alter placebo-specific components of treatment response. If this were to occur to differing degrees across active and placebo arms, then estimates of efficacy could be biased. This is potentially a particular problem when outcome measures are subjective, as in many RCTs in psychiatry.50 To our knowledge, there is only one study, examining two antidepressant trials, that supports this notion.51 Patients were asked to rate what they believed their symptom burden would be at the end of treatment in each study visit. The results showed expectations were not fixed, and changes in expectations were significantly associated with response.

BLINDING INTEGRITY AND EXPECTATIONS
Is blinding integrity assessed and maintained in clinical trials?
Systematic reviews have consistently shown that assessment of blinding integrity is rarely conducted in psychiatry. Assessment of blinding had been performed in 7.1% of antidepressant RCTs between 2010 and 2020,52 3.64% of anxiolytic RCTs since 1980,50 1.6% of antipsychotic RCTs,53 and 0.6% of ADHD RCTs.54 Comparable figures are observed outside of psychiatry: only 2% of randomized trials had assessed blinding integrity in a random sample of controlled trials in 2003,55 and 7% of general medicine RCTs taken from leading medical journals between 1998 and 2001 had done so.56
Blinding integrity  can be assessed by calculating correct guess rates in active treatment and placebo arms. If correct guess rates are at chance level, blinding is intact. Conversely, if correct guessing is higher than chance, or lower than chance suggesting systematic opposite guessing, this suggests blinding has been broken. In antidepressant RCTs, Lin et al. found that blinding had been either successful or slightly broken.52 This is in contrast to the conclusions of another systematic review of antidepressant RCTs, in which correct guessing was more likely in active treatment arms for both participants and assessors, suggesting unblinding.57 Further studies are needed to understand whether blinding tends to be maintained more frequently in placebo compared with active treatment arms.
Does unblinding affect estimates of efficacy?
Whether there is a relationship between blinding integrity and estimates of efficacy has been less explored. In the meta-analysis by Lin et al. in antidepressant trials, results were inconclusive as to whether failure of blinding relates to effect size, but this analysis only included four trials, as so few reported an assessment of blinding integrity.52 In a recent meta-analysis of anxiolytic RCTs, unblinding in placebo groups fell short of being associated with a larger treatment effect size, but no relationship was seen between unblinding in active groups and effect size.50 Meanwhile, unblinding of clinicians was significantly associated with increased effect sizes, but this effect might have been driven by two outlying trials.50 Overall, it is unclear if unblinding affects estimates of treatment efficacy, mostly owing to a lack of data. Nonetheless, there is evidence from trials in medicine more widely to suggest that lack of blinding does bias outcomes.58,59 At present, available data suggest the frequent occurrence of unblinding when blinding integrity is assessed.50,52–56 However, we have too few data to identify the causes of unblinding. The possibility that malicious unblinding is occurring in RCTs should be taken seriously, the effects of which likely act through changes in expectations.

What is the evidence that expectations mediate the effect of unblinding on treatment efficacy?
In psychiatry, valuable insights concerning this question can be obtained from the field of psychedelics, in which blinding is notably difficult to achieve given psychedelics’ prominent psychoactive effects. In this context, expectations seem to have a crucial role in the process of drug-assisted psychotherapy,21 although the mechanisms remain poorly understood (for a recent review see60). Pre-conceived ideas of psychedelic effects, possibly enhanced by media depictions,61 help to shape pre-treatment expectations and expectancies. Poor blinding integrity mediated by unbalanced expectations in treatment arms favoring active treatment has led to concerns that estimates of efficacy in psychedelic RCTs are inflated.62 This was explicitly explored in a recent Bayesian network meta-analysis63 comparing psychedelic RCTs with escitalopram RCTs for depressive symptoms. The authors found that placebo escitalopram outperformed placebo psychedelics. The only psychedelic treatment that outperformed placebo escitalopram was high-dose psilocybin, and its effect size decreased considerably when the comparator was placebo escitalopram (from 0.88 to 0.31).63 The resulting hypothesis is that, where blinding is easier to maintain, expectations in the placebo group will be higher, with a larger placebo effect and smaller drug-placebo difference. This can be exemplified by an RCT of ketamine for depression,64 in which participants underwent treatment while sedated with general anesthetic to successfully blind them to treatment allocation. Although the therapeutic response in the ketamine group was similar to that seen in other trials of ketamine for depression, similar efficacy was also seen in the placebo group, with no statistically significant difference between them. Conversely, unblinding of participants in placebo arms leads to reduced placebo responses (‘lessebo’ effect). This is supported by data from a meta-analysis of RCTs for multiple treatment modalities in anxiety disorders, where pill placebo (d = 1.29) outperformed psychological placebo (d = 0.83) and waiting lists (d = 0.20), presumably because the pill placebo was better blinded.65 This highlights that not all placebos are created equal, which has important implications for the interpretation of comparative evidence synthesis approaches, such as network meta-analyses.66
It is noteworthy that in the above-mentioned Bayesian network meta-analysis comparing psychedelic and escitalopram trials, although placebo escitalopram outperformed placebo psychedelic, extremely low dose psilocybin showed similar efficacy to placebo escitalopram, possibly due to participants experiencing some mild effects of psilocybin resulting in improved blinding.63 This suggests that placebo response can be enhanced (and/or made more predictable across treatments) via improved blinding through the use of active placebos. Active placebos differ from a regular pill placebo due to their ability to mimic a treatment’s adverse effects but not its therapeutic effects.22 However, choosing an active placebo completely devoid of therapeutic effects might be a complex task given our ever-evolving understanding of the pathophysiological mechanisms underlying psychiatric conditions.67–69 Further, the use of active placebos involves deliberate induction of side effects potentially without treatment benefits, meaning the harm-benefit analysis is skewed towards harm.
Additionally, the use of active placebo might introduce confounders, resulting in even more challenging interpretation of RCT results. Instead, it might be more fruitful to control for expectation effects in RCT analyses. 

APPROACHES TO ACCOUNT FOR EXPECTATION AND UNBLINDING EFFECTS
NOVEL STATISTICAL METHODS 
Several statistical approaches have been considered to account for non-specific effects in RCTs. These include identifying placebo responders post-hoc and using covariates associated with ‘responders’ to classify patients in the treatment arm as either ‘treatment responders’ or ‘placebo responders’; or modelling the impact of ‘propensity’ to respond to placebo on treatment response via mixture modelling70 (for a review see71). These approaches assume that ‘placebo responders’ represent a stable trait measure.71 Notably, different care by different professionals in different centers might also be relevant, resulting in variable placebo responses, even within the same RCT.
Using expectations as a proxy for ‘placebo responsiveness’ within a specific RCT might be less problematic than other methods due to reduced assumptions about stability. Recently, statistical methods have been proposed to allow estimation of treatment efficacy while ‘correcting’ for expectations in a given RCT. In a series of neurostimulation trials for depression and ADHD, comparing models that included both patients' beliefs about their treatment and their actual treatment assignment helped determine whether improvements in symptoms were due entirely to expectation effects.72 That is, if the model fit was improved by the inclusion of actual treatment assignment in addition to subjective beliefs, this suggested there was a true, specific effect of treatment on symptoms. If not, this suggested symptom improvement was more due to expectations. Another approach involves modelling patients’ ‘treatmentality’ (i.e., a patient’s post-hoc beliefs about the treatment they received in an RCT ) as a construct derived from expectations.73 Specific treatment effects can then be assessed via contrasts of patients with similar ‘treatmentality’.71,73 An additional method that uses post-treatment beliefs about group assignment aims to estimate outcomes in a perfectly blinded trial from data in an imperfectly blinded trial.74 This involves separating patients into 4 strata: guessed placebo/received placebo, guessed active/received placebo, guessed placebo/received active, guessed active/received active. Then, each stratum is transformed into a continuous distribution via kernel density estimation. Random samples of outcome values are taken from these distributions to match the original sample size in a weighted fashion such that outcome data now represents a perfectly blinded trial (for a practical example, see74). Theoretically, one could also test how outcomes would look in a perfectly unblind trial. 
Such statistical methods need further validation in external studies, especially as the causal relationships between expectations at baseline, unblinding during the trial, their interactions, and treatment outcomes, remain unknown.72 Additionally, it is unclear whether expectations affect treatment outcome to the same degree in active treatment and placebo arms. Furthermore, these methods do not consider the role that unblinding or expectations in clinician raters might have on estimates of treatment effects.71 Overall, more research is needed to understand how to statistically account for these effects. 

APPROACHES FROM EXPERIMENTAL MEDICINE MODELS
A different approach to accounting for expectation effects in RCTs could be to identify outcomes that are not or less confounded by expectations or unblinding (i.e., objective markers of improvement as opposed to questionnaires of symptoms). Notably, the above-mentioned umbrella review found evidence in disorders such as panic disorder and primary insomnia that placebo effect size is smaller when objective outcome measures are used, compared with subjective outcomes.25 However, such objective measures are rare in psychiatry.
Experimental medicine models, inducing features resembling a disorder in healthy volunteers in the laboratory, could be used to develop and test such measures.2 Examples of experimental medicine models of psychiatric disorders include the Oxford Emotional Test Battery (ETB)75,76 for affective disorders, administration of ketamine to model psychosis,77 inhalation of air enriched with high concentrations of CO2 (e.g. 35%) for panic disorder,78 and lower concentrations of CO2 (e.g. 7.5%) for generalized anxiety disorder.79–81 ‘Symptoms’ in these models are often responsive to standard treatments, and therefore these models can be used at a ‘proof-of-concept’ stage of novel treatment development or when repurposing already licensed treatments.79 
There is evidence that while standard treatments reduce ‘symptoms’ in these models, placebos or expectation effects might not. For example, in the Oxford ETB, placebo treatment showed no effect on emotional processing compared with no treatment in healthy volunteers.76 More recently, in an experimental study in which we successfully induced positive expectations for a sham ‘intranasal lorazepam spray’ in healthy volunteers, these expectations did not translate into reduced anxiety in the 7.5% CO2 inhalational model of generalized anxiety.82
Through the use of such models, we might be able to develop objective assays that are less confounded by expectation effects. The use of these readouts in RCTs would therefore be less affected by unblinding. 

RECOMMENDATIONS FOR FUTURE RESEARCH
In light of the data that we have discussed on the relationship of treatment and placebo effects to failure of blinding integrity and expectation effects, here we make recommendations to improve our understanding and, ultimately, the outcomes, of RCTs in psychiatric disorders.
First, more data are needed regarding blinding integrity in RCTs in psychiatric disorders, whether blinding fails for patients or clinician raters, and if so, why. It is imperative to understand whether ‘benign’ or ‘malicious’ unblinding is taking place and whether there are impacts of this on expectations. If so, we need to understand whether changes in expectations causally affect estimates of treatment efficacy. We have highlighted signals to suggest that maintaining blinding in placebo arms might be more important for an accurate estimate of treatment efficacy, but this needs to be formally assessed. This is particularly pertinent where treatments are difficult to blind effectively, such as psychedelics or neuromodulation. For these reasons, we recommend that data regarding expectations and blinding integrity are routinely collected in psychiatric RCTs, e.g. through the use of the ‘Guess of Treatment Questionnaire’, a 5-item questionnaire that assesses a participant’s guess of treatment and the reasons behind each guess.74 An important factor to consider here is equipoise, an ethical principle guiding clinical research which states that an investigator must not believe in the therapeutic superiority of any of the trial arms, although this may be difficult to achieve.83 We therefore recommend that these data be collected by an independent researcher not involved in rating clinical outcomes.
 Second, more data regarding the success of blinding and regarding expectations would allow assessments of whether statistical methods to ‘correct’ for expectancy or placebo effects in RCTs are valid and accurate. At present, the methods described here are not in use as it is unclear how much of an improvement they provide over standard statistical approaches such as mixed models with repeated measures. We need to empirically test these methods with real data.
Finally, we recommend development of readouts that are objective or resistant to expectation effects in psychiatric disorders. Examples of such readouts might include cognitive/behavioral measures, psychophysiological readouts such as heart rate, skin conductance or quantitative electroencephalography, or neuroimaging measures such as estimates of network connectivity. We have highlighted early evidence that development of such readouts for psychiatric disorders is possible. Evidence suggests that experimental medicine models with healthy volunteers may be less confounded by expectation effects, and might be a vehicle to develop such readouts. 
Through these recommendations, we believe that we can improve our understanding of non-specific effects that impact treatment response. By better understanding these effects, we can reduce the variability in treatment and placebo responses within and between RCTs in psychiatric disorders, to better estimate treatment efficacy. Improving the testing and development of treatments is most constructively seen as a collective effort, and regulatory agencies could influence this by considering the measurement of expectancies and blinding integrity as requirements. Doing so will enhance the development and testing of potential new treatments for psychiatric disorders. 
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FIGURES TITLES AND CAPTIONS
Title Figure 1: Placebo response and treatment response.
Caption Figure 1: Some of the specific and non-specific components of the placebo and treatment responses and the factors which mediate them. Non-specific components comprise numerous factors. Only the ones that we deemed the most prominent are included in this figure.

Title Figure 2: Expectancy and unblinding in different study arms over the course of a randomized trial.
Caption Figure 2: Potential interactions between expectancies, blinding and treatment effects in a simplified, hypothetical randomized trial composed of three arms: treatment, active placebo and regular placebo. The hypothetical treatment in this graph can lead to obvious side effects early on and overwhelming treatment effects at the one-week mark. In practice, even regular placebo groups may display side effects (i.e., the nocebo effect) and show response to treatment (i.e., the placebo response), which would also contribute to mediation of expectancies and add to the complexity of the expectancy-treatment effect interaction. This schematic representation was kept to an idealized scenario to highlight theoretical concepts and relationships. (See Figure 3 for a dedicated view of the potential dynamic relationship between placebo and expectations).

Title Figure 3: The potential dynamic relationship between placebo and expectations.
Caption Figure 3: Example graph illustrating how expectations may theoretically affect placebo response over time during a trial according to hypothetical predictors such as patient-doctor encounters. Contrary to static measures of ‘placebo responsiveness’ such as ‘placebo responders’ and ‘treatment responders’, expectations dynamically influence the placebo response during an RCT and may therefore be an appropriate proxy for ‘placebo responsiveness’ in trials. 
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