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The discovery of new therapeutic agents for psychiatric disorders is potentially hindered by the 
large placebo responses seen in psychotropic drug trials. Through improved understanding of the 
placebo response, we might understand how to better design clinical trials and identify novel 
therapeutic targets. However, the placebo response in psychiatric disorders has been scarcely 
explored. Trial-level variables, such as duration of the trial or number of centres, appear to 
influence placebo response rate. Within-patient factors, such as previous experience of 
treatment, expectations, and neurobiology, are also likely to influence placebo response. Which 
factors matter, and how they influence placebo response in psychiatric disorders, remains 
unknown. 

There are large placebo response rates in clinical trials of gambling disorder (sometimes 
exceeding 70%). I aimed to identify predictors of placebo and medication response in gambling 
disorder through a pooled analysis of individual patient data from six treatment studies. Multiple 
linear regression models demonstrated that baseline severity and number of weeks completed in 
the trial were predictors of medication response (p’s < 0.01). By contrast, predictors of placebo 
response included increased baseline depressive symptoms, reduced baseline anxiety symptoms, 
and non-Caucasian ethnicity (p’s < 0.05). These results were robust to choices made in the 
analysis.  

It was noteworthy that symptoms of anxiety and depression were predictors of placebo response 
in gambling disorder. It is possible that biomarkers associated with placebo effects on anxiety or 
depressive symptoms might be relevant in other psychiatric disorders. I carried out a systematic 
review of the functional neuroimaging literature to identify neural correlates of placebo response 
in patients with anxiety or depression. Due to a small number of included studies and significant 
heterogeneity in study design, I was not able to carry out a formal meta-analysis. The rostral 
anterior cingulate cortex and default mode network, the ventral striatum, orbitofrontal cortex, 
and dorsolateral frontal cortex appeared to be key anatomical nodes in placebo antidepressant or 
anxiolytic effects. Important neurotransmitters might include endogenous opioids, dopamine, and 
serotonin. 



 

 

The review highlighted a relative lack of research into placebo anxiolysis. This could be due to a 
lack of convenient experimental paradigms free of confounders. I developed and tested two 
experimental paradigms designed to induce placebo anxiolysis in healthy volunteers. The first 
combined verbal suggestions of improvement and a conditioning procedure with administration 
of a placebo nasal spray in the 7.5% CO2 inhalational model of anxiety. The conditioning 
procedure induced significant expectations of improvement (p < 0.001) but this did not translate 
into reduced anxiety compared with a control group who did not undergo conditioning (p’s > 
0.350). In the second, volunteers with symptoms of social anxiety disorder were shown a placebo 
abstract video accompanied by suggestions that it would reduce their anxiety before completing a 
novel online social interaction task (InterneT-based Stress test for Social Anxiety Disorder, 
ITSSAD). The placebo again did not reduce anxiety compared with a control group who did not 
receive verbal suggestions of improvement (p’s > 0.236). An exploratory analysis suggested that 
expectations did not influence outcomes. Acute anxiety is associated with nocebo effects, and it is 
possible that such experimental models are not conducive to inducing placebo effects.  

My findings highlight several gaps in the literature for future study, as well as a few challenges. 
Further research is needed to explore whether application of knowledge regarding predictors of 
placebo response improves detection of medication efficacy in clinical trials, to understand how 
to optimise prospective neuroimaging study design into placebo effects in mental disorders, and 
to explore the interaction between autonomic arousal and placebo conditioning. 
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Chapter 1 Introduction 

Psychiatric illness is a leading cause of mortality and disability. Psychiatric disorders are very 

common, affecting more than one billion people globally1. Anxiety disorders, major depressive 

disorder, alcohol use disorder, and dementia are all estimated to affect at least 5% of the adult 

population2,3. Psychiatric disorders result in impairments in social and occupational functioning, 

causing possibly more lost working years than musculoskeletal disorders4-6. Indeed, affective 

disorders, anxiety disorders, substance misuse disorders, schizophrenia, and dementia are among 

the largest causes of disability worldwide2,7,8. Psychiatric illness is also associated with excess 

mortality. Mental disorders are thought to reduce life expectancy by 10 years, on average9. The 

result is significant costs in terms of lost productivity as well as social and healthcare costs. It is 

estimated that the global cost of psychiatric disorders will be $6 trillion by 203010. In sum, 

psychiatric disorders are associated with significant disability and are socioeconomically costly. 

Considering this large unmet need, there is a requirement to develop improved treatments for 

psychiatric disorders. Broadly, treatment options for psychiatric disorders fall under three 

categories: biological, psychological, and social. A crucial function of social interventions is 

education of patients and their families regarding psychiatric illness11,12, but some treatments 

target specific symptoms: for example, physical activity programmes designed to increase activity 

levels in depression13 or cognitive remediation to improve cognitive functioning in 

schizophrenia11. Several disorder-specific psychological interventions have empirical evidence for 

their use, including exposure therapy for specific phobia, interpersonal and social rhythm therapy 

for bipolar affective disorder, and cognitive-behavioural therapy for depression14. Biological 

treatments aim to reduce symptoms of psychiatric disorders through surgical (e.g. anterior 

cingulotomy), neurostimulatory (e.g. transcranial direct current stimulation), or pharmacological 

(e.g. selective serotonin reuptake inhibitors) therapy15-17. None of these treatments are ‘ideal’ at 

present. Access to psycho-social interventions is limited by scarce availability18,19. In addition, 

many patients do not improve with initial treatments. In patients with anxiety disorders, the 

probability of response to first line psychological or pharmacotherapy is approximately 50-70%, 

while the probability of remission is approximately 40-55%20,21. Similarly, less than half of patients 

with depression achieve remission following first-line psychological or pharmacotherapy22,23. 

Current treatments also cause unwanted adverse effects, such as deterioration in symptoms 

during psychotherapy, or metabolic side-effects with antipsychotic medication24,25. We need novel 

treatments with improved efficacy and side effect profiles. 
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Despite this clear need, and substantial investment into research and development for mental 

health, treatment efficacy has not much improved in the past 60-70 years16,19. Below, I discuss the 

challenges with novel treatment discovery for psychiatric disorders. A full discussion considering 

all possible treatment modalities is outside the scope of this thesis. I will instead focus on novel 

psychopharmacological treatment discovery; however, it should be noted similar discussions 

regarding novel psychosocial treatment discovery are also ongoing (for example, as described in 

this Lancet Psychiatry Commission report19). 

1.1 Challenges with psychopharmacological treatment discovery 

In recent times, many pharmaceutical companies have ‘pulled out’ of neuroscience research, 

including into treatment development for psychiatric disorders. The challenge of developing novel 

medications for psychiatric indications is highlighted by the average 13 year development time, 

the longest of all disease areas26,27. In addition, potential neuropsychiatric drugs show a large 

amount of attrition from phase I trials to approval, with failure to progress often occurring at a 

late stage26-28. Of the 60% of compounds that progress to phase II trials, only a third will progress 

to phase III trials, less than half of these will be reviewed by regulatory bodies, and only 8.2% will 

be approved29. There are likely several reasons for these challenges, and I discuss these further 

below. 

1.1.1 Poor understanding of the neurobiology of psychiatric disorders 

Most medications with a novel mechanism of action used in the treatment of psychiatric 

disorders have been discovered by serendipity27. Subsequent medications have mostly iterated on 

these mechanisms of action, for example D2 receptor blockade in schizophrenia or altering 

monoaminergic system function in depression16,26. However, not all patients respond to these 

treatments, suggesting that other systems might be involved in the aetiology of these disorders. 

For example, the discovery that ketamine acts as a rapid-acting antidepressant has implicated the 

N-methyl-D-aspartate (NMDA) receptor in the pathophysiology of depression30. Subsequently, 

dextromethorphan-bupropion has been developed, an antidepressant that also targets the NMDA 

receptor31. In addition, due to a lack of knowledge of the pathophysiology of psychiatric disorders, 

we might not be appropriately stratifying patients32. For instance, intravenous immunoglobulins 

can be effective for those with psychosis of autoimmune origin33, but are unlikely to outperform 

D2 antagonists in those with non-autoimmune psychosis. Improved understanding of the 

neurobiology of psychiatric disorders might reveal novel tractable treatment targets or allow 

more personalised medicine in future. 
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1.1.2 Poor validity of preclinical studies 

Before a novel compound is tested in clinical studies in humans, it is assessed in pre-clinical in-

vitro and in-vivo animal models34. However, as stated above, the promise shown in pre-clinical 

studies often does not translate in the first clinical studies in humans27,34,35. There are probably 

two reasons for this, both of which relate to the same underlying issue, namely that efficacy in 

humans is measured through reports of symptoms. It is challenging to validly model human 

psychiatric symptoms in animals26,36. In addition, there are very few predictive and prognostic 

biomarkers for psychiatric disorders16,26,27,37. Such models and biomarkers are vital for pre-clinical 

studies. As a result, it is unclear how valid the readouts from pre-clinical studies are. Work is 

ongoing to improve the ‘disconnect’ between pre-clinical and clinical studies16,37. For example, 

there is some evidence that electroencephalography (EEG) markers translate from rodents to 

humans38, suggesting EEG could be used as a translatable readout. Another approach to bridge 

this gap has been to develop experimental models in humans that mimic important clinical 

features of a disorder39-41. 

1.1.3 Placebo response 

Another factor that needs to be considered is the substantial placebo response seen in 

psychotropic drug trials. The placebo response is an important and clinically relevant effect. 

Approximately 30% of patients in the placebo arm of randomised antidepressant drug trials show 

a clinically significant improvement42-46. Two meta-analyses in patients with anxiety disorders 

have shown that within-group pre-to-post effect size for placebo treatment ranges from 0.65 to 

1.2947,48. In antipsychotic trials, the magnitude of the placebo response has increased over the 

past 40 years, while effect sizes for medication have remained stable49,50. There is additionally 

evidence that medication and placebo response are correlated, but that placebo response rate 

varies more than medication response rate45,51-53. Consequently, large placebo effects can reduce 

the ‘assay sensitivity’ of a clinical trial, resulting in failure to demonstrate efficacy of the 

investigational treatment52-55. For this reason, improved understanding of placebo effects, their 

biomarkers, and interplay with drug targets, is required34,56. 

1.1.4 Summary 

There is a need for improved psychopharmacological treatments for psychiatric disorders. 

However, there are several challenges that inhibit the translation of promising novel compounds 

into effective treatments. These include a poor understanding of the neurobiology of these 



Chapter 1 

4 

disorders, limited validity of pre-clinical models, and the substantial placebo response that occurs 

in clinical trials. 

Although much work is being done to improve our neurobiological understanding, to identify 

biomarkers, and improve translation across pre-clinical and clinical studies16,27,37, the placebo 

response in psychiatric disorders has received comparatively little attention56. By improving our 

understanding of the placebo response in psychiatry, I believe we can improve clinical trial design, 

enhance the effectiveness of our current treatments, and possibly identify novel therapeutic 

targets56. This is my focus in the rest of this thesis. In sections 1.2 to 1.4, I summarise current 

knowledge regarding the placebo response. Next, I explore what is known about the 

psychoneurobiology of placebo effects on emotions in section 1.5. Finally, I discuss gaps in the 

literature and future directions in section 1.6. 

1.2 Placebo response and psychotropic clinical trial design 

In conditions predisposed to large placebo response rates, the clinical trial as an assay may exhibit 

reduced sensitivity to detect separation between active medication and placebo. It is important to 

understand which factors increase the placebo response rate in a trial, so that we can design trials 

to make this rate predictable, allowing accurate power calculations for subsequent studies56. 

Antidepressant trials are a good example of this principle in action. A 2016 meta-analysis showed 

that the placebo response rate in antidepressant trials increased from 1978 to 1991, but from 

1991 it remained constant at 35–40%42. A meta-regression was also performed and showed that 

trials lasting longer than 4 weeks, multi-centre trials, and trials with flexible dosing regimes were 

all associated with increased placebo response rates42. The important finding is that once certain 

methods became standard practice (between 1990 and 2000), e.g. duration of 8 weeks, multi-

centre trials being the norm, and fixed dosing schedules, the placebo response rate also became 

more constant. It is likely impossible and might even be unhelpful to completely eliminate the 

placebo response57. Nonetheless, this result suggests we can standardise certain factors in trial 

design and reduce variability of placebo response rate trial to trial. This would allow easier 

estimation of expected effect sizes for medication across trials, and allow assurance that clinical 

trials are properly powered to detect medication effects, reducing the likelihood of ‘failed trials’. 

It is probable that the methodological factors that need to be standardised will differ between 

diverse conditions. For example, in antipsychotic trials increased sample size, shorter trial 

duration, shorter pre-trial washout, the rating scale used, studies outside the United States and 

shorter duration of illness are associated with an increased placebo response rate58. In attention-

deficit hyperactivity disorder (ADHD) trials, year of publication, selective reporting of risk of bias, 
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risk of bias of the blinding assessor, incomplete outcome data, baseline severity, current 

depression, and region the trial took place in are significantly associated with placebo effect 

size51. The factors that are important need to be identified for all psychiatric conditions. 

Consideration also needs to be given to within-subject factors that increase placebo response 

rate. Possibly the most consistent predictor of increased placebo response is reduced baseline 

severity of illness, which has been found in unipolar and bipolar depression, acute mania, and 

ADHD45,46,51,59-61. It should be noted, however, that baseline severity and change from baseline 

artifactually correlate62. Still, there is indirect evidence that psychological mechanisms are 

involved in driving placebo response in clinical trials in patients with psychiatric disorders. For 

instance, increased probability of being randomised to active treatment (e.g. due to multiple 

active treatment arms) is associated with higher placebo response rate60,63. This likely reflects 

increased beliefs in the patient that they have been randomised to active medication. This is 

corroborated by the observation that a medication's effects are greater in open-label trials than in 

double-blind trials, i.e. in situations when the patient is certain to be receiving active 

treatment64,65. 

Whether placebo responses result from statistical artifact or represent psychoneurobiological 

phenomena has been the subject of much debate over the past few decades. In the next section, I 

summarise this debate and the current consensus. 

1.3 Placebo effect versus placebo response 

A placebo (from the Latin for “I shall please”) is an inert substance or sham procedure that is 

given to a patient either as a control when testing the efficacy of a treatment, or as a form of 

psychological reassurance. The first recorded uses of this term appear in the late 18th Century66,67. 

Records indicate that physicians at this time routinely administered placebos to patients as a form 

of reassurance or to satisfy the patients’ demands for a treatment66,67. Following the second world 

war, placebo-controlled trials became a common method to measure the efficacy of a 

treatment67. The term “placebo effect” entered medical discourse following HK Beecher’s 

influential 1955 paper, in which he described how administration of a placebo in the context of a 

randomised-controlled trial can exert powerful therapeutic effects67,68.  

In the past three decades, this assertion has been questioned, with the observation that some 

patients improve despite receiving no treatment at all69-74. Indeed, a number of meta-analyses 

have shown that natural history or “no treatment” arms of clinical trials often show a statistically 

significant spontaneous improvement in symptoms, and that this improvement can be similar in 

size to the improvement seen in the placebo arm70-72. However, this is not uniform across 
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conditions. For example, specific phobia and insomnia show a relatively smaller effect of 

spontaneous improvement compared with placebo treatment72. Further, placebo pills show a 

much larger effect on symptoms than waiting list in anxiety disorders48. In addition, the context of 

a clinical trial, in which there is uncertainty regarding the treatment being received and its 

efficacy, is likely to reduce the effect of placebo. This has been demonstrated by a meta-analysis 

comparing clinical analgesic trials with studies in which the primary aim was to induce and 

investigate placebo analgesia (mean effect size of placebo was 0.15 and 0.95, respectively)75. In 

the latter, the placebo effect is maximised through the use of verbal suggestions or conditioning 

procedures. Further supporting the idea that uncertainty in clinical trials reduces the effect size of 

placebo are meta-analyses showing that the more active treatment arms a psychotropic trial has 

the greater the placebo effect60,63. Overall, it appears that receiving a placebo treatment under 

certain conditions can cause effects on symptoms over and above spontaneous improvement. 

Achievement of a placebo response appears to involve many factors. As described above, one 

non-specific factor includes spontaneous improvement. Non-specific factors can be thought of as 

causing “apparent placebo effects”, as they lead to clinical improvement in the placebo arm of a 

trial, but are not directly related to the placebo itself69,74. Other such non-specific factors include 

natural course of the illness, features of a clinical trial such as repeated ratings of symptoms, 

unidentified parallel interventions such as changes in a patient’s diet over the course of a trial, 

sampling bias due to dropouts of the least improved patients in the placebo arm, and natural 

fluctuation in symptom severity (regression to the mean)69,76. 77-80 (see Figure 1.1). These 

mechanisms are described further in section 1.4 below. 

To aid placebo research in the future, definitions that capture apparent and true placebo effects 

were recently reached by expert consensus. “Placebo response” was defined as “all health 

changes that result after administration of an inactive treatment (i.e., differences in symptoms 

before and after treatment”), including apparent and true effects81. The “placebo effect” was 

defined as “changes specifically attributable to placebo and nocebo mechanisms”, which includes 

true placebo effects only81. The terms “placebo response” and “placebo effect” are used in the 

rest of this thesis in line with these definitions. 
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Figure 1.1  Cartoon showing the relationship between placebo response and placebo effect. 

Placebo effect refers to changes in symptoms resulting directly from specific placebo 

mechanisms, while placebo response includes the placebo effect and additionally 

consists of non-specific effects, such as natural course of the illness and regression to 

the mean. Similarly, treatment response comprises the specific effect of treatment 

and placebo response which includes the placebo effect. 
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1.4 Mechanisms of placebo effects 

Placebo treatment affects a diverse set of biological systems leading to improvements in 

symptoms. Placebo effects have been demonstrated experimentally in many physiological 

systems and conditions including: acute pain79,82-85 and chronic pain86, immune function77,78, 

Parkinson’s disease87,88, ADHD89, nausea90,91, itch92, irritable bowel syndrome93, short-term 

memory performance94, mood95, major depression65,96,97, and social anxiety disorder98. Although a 

placebo contains no active ingredients, it is not inert, as it is administered within a specific 

context. This involves both external context, such as clinical equipment, verbal suggestions and 

social cues by the health practitioner, and an internal context, including previous experience of 

treatment, emotional state, and expectations79,99-101. These contexts exist prior to the treatment 

being given, but internal associations are also updated after receiving the treatment based on its 

results76. It is thought that this interplay between prior expectations and learning leads to the 

recruitment of ‘top-down’ brain control systems that regulate incoming sensory 

information79,99,101. Below, I outline in more detail our current understanding regarding the 

psychoneurobiology of placebo effects. 

1.4.1 Psychological mechanisms: expectation and learning 

Placebo effects are known to involve both expectation and learning. The role of expectation can 

be demonstrated by use of the ‘open-hidden paradigm’. In these experiments, active medication 

is either administered in full view of the participant or is administered in a hidden fashion, either 

by a machine or with instructions that no medication is being administered. Several studies have 

shown that open administration of treatment in acute pain, Parkinson’s disease, depression and 

social anxiety disorder is superior to hidden administration65,98,102-105. Since the treatment is the 

same, the difference in efficacy can be attributed to a placebo effect mediated by 

expectations54,100,101,105. Expectations of therapeutic benefit can also be induced or manipulated 

through verbal suggestion before the placebo is given. Such verbal suggestion has been shown to 

produce placebo analgesia106, and placebo effects on mood95. 

Placebo effects can also be induced in the absence of conscious expectation through learning, 

either via classical conditioning or observational learning. An example classical conditioning 

paradigm involves pairing an active medication (unconditioned stimulus) with a neutral stimulus 

(for example, a green drink) for a number of doses. Eventually, the neutral stimulus becomes a 

conditioned stimulus that can evoke a conditioned response similar to that created by the active 

medication54. Such paradigms have effectively induced placebo immunosuppression78, placebo 
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effects in ADHD89, and placebo analgesia107. An alternative classical conditioning paradigm 

involves pairing a placebo with a reduction in aversive stimulus intensity to experimentally create 

a ‘successful treatment’. For example, pairing the application of a moisturising cream with a 

reduction in pain stimulus intensity leads to reductions in subjective pain when stimulus intensity 

is returned to moderate levels84,85,108. However, classical conditioning is not the only form of 

learning that is important, as learned placebo effects can also occur through observation. For 

example, after observing a demonstrator experience pain relief, the degree of placebo analgesia 

may be similar to the analgesia experienced by those undergoing conditioning directly82. 

The terms ‘expectation’ and ‘expectancy’ are frequently used interchangeably in the literature. 

However, explicit expectancies produced via verbal suggestion or other means differ from implicit 

expectancies that can be produced via classical conditioning. To capture this difference, it has 

been suggested that the term ‘expectation’ should be used to described explicit, verbalised 

constructs; while ‘expectancies’ should refer to psychophysiological ‘predictions’ made without 

full conscious awareness109,110. The terms ‘expectation’ and ‘expectancy’ are used in line with this 

suggestion in the rest of this thesis. 

It is likely that expectations, expectancies, and learning do not operate independently, but rather 

are inter-related and reinforce one another. Although conditioning or verbal suggestions alone 

can induce placebo effects, placebo effects are stronger when conditioning and suggestions are 

paired76,92,111,112. Moreover, previous experience of treatments can affect subsequent efficacy of 

placebo treatments. Placebo analgesia is reduced in participants who have experienced an 

ineffective analgesic treatment previously, even if route of administration is changed113-115. 

Likewise, placebo analgesia is greater in those who have experienced a successful treatment 

previously114. It is likely that learning takes place during these experiences, and this creates an 

expectation about future treatments. This becomes self-reinforcing, with a positive expectation 

causing a positive experience, which in turn creates greater expectations for the future76. 

However, if symptom relief is paired with a different explanation, for example that an 

experimenter has reduced the aversive stimulus intensity, then a placebo effect can be 

prevented84,108. It appears that to reliably induce a placebo effect, one requires both positive 

treatment experiences (learning) and a belief that the treatment is the cause of symptom relief 

(expectations)76.It appears then that the generation of expectations or expectancies results from 

suggestions, either verbal or behavioural in origin. One could argue, therefore, that an individual’s 

suggestibility could be an important determinant of individual placebo responsiveness116. 

However, placebo and suggestion are typically viewed as distinct concepts, possibly due to 

suggestion being poorly defined117. There is growing interest in incorporating measures of 

suggestibility in future placebo research as this might inform understanding about how 
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expectations and expectancies are generated118,119. A full discussion about the definition and 

measurement of suggestibility is outside the scope of this thesis, but I have summarised potential 

measures that might be relevant in Table 1.1. 

 

Table 1.1 A non-exhaustive list of possible approaches that could be used to quantify placebo-relevant 
individual differences in suggestibility and related factors 

Concept Example measures Potential addition to knowledge 

Direct verbal 
suggestibility 

Harvard Group Scale of Hypnotic Susceptibility 
(HGSHS:A)120 
Stanford Hypnotic Susceptibility Scale: Form C 
(SHSS:C)121 

Individuals higher in direct verbal suggestibility might develop more 
definite expectations as a result of verbal suggestions 

Interrogative 
suggestibility 

Gudjonsson Suggestibility Scale122 The tendency for someone’s behaviour to be affected by 
messages within formal questions. This might influence response 
biases in placebo research 

Conformity Asch’s test of conformity123: participant and 
confederates asked to announce which of three lines 
are identical to a standard presented line. On some 
trials confederates unanimously answer incorrectly. 
Conformity is measured as the number of times the 
participant also answers incorrectly 

Might be relevant for production of expectancies resulting from 
social observation 

Post-event 
recall 

Could be assessed by measuring stability of 
memories in response to differing language in 
questions about those events. For example, 
participants who were asked how fast two cars were 
going when they ‘smashed into each other’ after 
watching a car accident on video were more likely to 
report seeing broken glass one week later compared 
with those questioned with less extreme language124 

Might influence response biases in placebo research 

Interoceptive 
awareness 
and 
sensitivity 

Scales such as the multidimensional assessment of 
interoceptive awareness (MAIA)125 
Tasks such as heartbeat detection task126 for 
interoceptive sensitivity 

Heightened awareness of internal bodily states might interfere with 
placebo-related expectations/expectancies 

The above information was summarised from the following citations116-119,127 
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These psychological placebo mechanisms can also be important in determining outcomes in 

clinical trials. For example, medications in open-label trials produce larger effects than the same 

drug in a double-blind trial64,65. A patient’s expectations will subsequently be updated through 

experience and learning76. Such learning effects might confound crossover designs54, and previous 

treatment experiences might influence a patient’s expectations on entry to a clinical trial128. These 

possibilities have yet to be empirically tested, and the potential size of the effects is unknown. 

1.4.2 Neurobiological ‘top-down’ control mechanisms 

The interaction between expectations and learning described above is thought to recruit 

neurobiological systems involved in top-down control of incoming bottom-up sensory 

information. Placebo analgesia has been explored considerably and so our understanding of the 

‘top down’ mechanisms involved in this placebo effect are well understood. 

Placebo analgesia consistently causes reduced activity within the pain processing network129, but 

it is perhaps more informative to discuss the regions that show increased activation under a 

placebo manipulation. A meta-analysis of positron emission tomography (PET) and functional 

magnetic resonance imaging (fMRI) studies conducted in 2014 showed that placebo analgesia 

consistently increases activity in prefrontal regions, such as rostral anterior cingulate cortex, 

ventromedial prefrontal cortex, orbitofrontal cortex, and dorsolateral prefrontal cortex, and in 

the ventral striatum and periaqueductal grey matter129.  

The anterior cingulate cortex and periaqueductal grey matter are known to be key regions in the 

endogenous opioid system, a system that is important in top-down pain control130. Consistent 

with this, placebo analgesia is reliably inhibited by opioid antagonists such as naloxone83,102,131. 

Functional neuroimaging studies suggest that placebo analgesia increases endogenous opioid 

activity within anterior cingulate cortex, dorsolateral prefrontal cortex and periaqueductal grey 

matter132-135. Endogenous opioids might also be important in placebo effects in other domains. 

Recent evidence suggests a role for endogenous opioid release in placebo antidepressant 

effects96,136. Therefore, the importance of the endogenous opioid system might not be limited to 

pain. 

The endogenous opioid system is not the sole mediator of placebo effects. For example, when the 

non-opioid analgesic ketorolac is administered for 2 days and then switched to a placebo on day 

3, placebo analgesia is not reversed by naloxone but is instead reversed by rimonabant, a 

cannabinoid type 1 (CB1) receptor antagonist. Interestingly, rimonabant does not block placebo 
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analgesia that has been conditioned with morphine137. This suggests that the endocannabinoid 

system might be important in non-opioid placebo analgesic effects.  

The ventral striatum and ventromedial prefrontal and orbitofrontal cortices are also reliably 

activated by placebo analgesia. The ventral striatum is an important centre of dopaminergic 

neurotransmission and has connections with ventromedial prefrontal and orbitofrontal 

cortices138. This suggests that the dopamine system might also be important in mediating placebo 

effects. Indeed, in one study, degree of dopamine release in the nucleus accumbens explained 

25% of the variance in placebo analgesia in healthy volunteers139. Further, placebo effects in 

Parkinson’s disease have been demonstrated to have a dopaminergic basis88,140. It is unclear 

whether dopamine is important in placebo effects in other domains. 

Although placebo analgesia has been investigated in detail and understanding of the mechanisms 

is accelerating, the neurobiology of placebo effects in psychiatric disorders has been relatively 

poorly investigated. Accumulating evidence suggests a link between the neurobiology of placebo 

effects and the neurobiology of the experience of different affective states. There could therefore 

be an intriguing interaction between placebo mechanisms and psychiatric symptoms. I discuss the 

potential neurobiological overlaps further below. 

1.5 The psychoneurobiology of placebo effects on emotions 

For decades, emotions have been thought of as discrete, innate, and universal entities (e.g. the 

so-called ‘basic emotions’: ‘anger’, ‘fear’, ‘happiness’, ‘sadness’, ‘disgust’, and ‘surprise’)141,142. 

More recently, however, this assertion has been questioned. If there were ‘basic emotions’, one 

would expect to be able to delineate each emotion through some distinct, observable 

phenomena143. Instead, evidence suggests that subjective experience of emotion, objective 

measures of behaviour such as facial expression, and their associated functional neuroanatomy 

correlate poorly143. A possible explanation is that emotions are not discrete entities, but are 

instead ‘constructed’ through evaluation of internal physiological changes and external cues 

through the lens of previous experience141,143-145. Indeed, it is possible that these constructions are 

integral to perception of the world146. For example, when perceiving a strawberry, both the visual 

information of a small, soft, red object and physiological information such as salivation and mild 

heightened level of arousal would be used by the brain to inform the prediction that this is a 

strawberry. Importantly, the pleasurable, mild heightened level of arousal might also become 

conscious leading to the object being perceived as both a strawberry and pleasant146. It is thought 

that affective information is required for accurate perception: a red object causing pleasurable, 

mild arousal is more likely to be a strawberry than a traffic light146. In other words, an emotion is a 
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type of constructed perception resulting from an interaction between prior predictions and 

incoming, noisy, sensory information. 

The idea that emotions and perceptions are constructed in concert is potentially relevant for 

understanding placebo effects. It has been theorised that placebo analgesia, and perhaps placebo 

effects more generally, are mediated by a reduction in negative emotions in anticipation that a 

distressing symptom might soon improve (Figure 1.2)79,147. This is supported by evidence that 

increased anxiety is known to reduce placebo, and increase nocebo (the opposite of placebo), 

effects on pain109,148-150. Increased anxiety has also been correlated with nocebo effects on itch151. 

Perhaps the altered affective information results in changes to predictions regarding symptom 

intensity. This raises the question of whether the ‘top-down’ neurobiological regulatory systems 

that mediate placebo effects also mediate regulation of emotions. If so, this would suggest that 

key neurobiological systems in placebo effects are clinically relevant in psychiatry. Such systems 

might be important therapeutic targets. 
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Figure 1.2  One theory of placebo effect is that reduction in distress regarding symptoms is the 

mediating step between placebo context and placebo effect. 
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Another consideration is that placebo mechanisms might alter the predictive model about the 

emotional meaning of physiological changes, potentially reducing the subjective (or perceived) 

intensity of distressing emotions. Conditioning procedures and/or verbal suggestions appear to be 

capable of causing placebo effects on feelings of sadness95,152,153, disgust154, and 

unpleasantness155,156, and preventing rumination157 in healthy volunteers. Experiments have also 

attempted to induce placebo effects on anxiety in healthy volunteers158,159. These studies can 

offer clues regarding psychoneurobiological systems that are important in both placebo effects 

and construction/regulation of emotions. Below, I describe behavioural and neuroimaging 

experiments in which placebo effects on emotion have been studied. 

1.5.1 Sadness 

Placebo effects on sadness in healthy volunteers have been explored in three studies, all by the 

same research group95,152,153. First, the effects of a placebo nasal spray for sadness were 

investigated in 128 healthy female participants95. The placebo nasal spray contained sesame oil 

and a low dose of capsaicin (0.0007%) to produce a mild stinging sensation, as placebos that 

cause mild side-effects are more effective than ‘inactive’ placebos160. Participants were 

randomised to one of four conditions: ‘citalopram’ (suggestions the nasal spray would reduce 

feelings of sadness), ‘ondansetron’ (suggestions the nasal spray would increase feelings of 

sadness), ‘placebo’ (suggestions the spray would have no effects on sadness), and ‘no treatment’ 

(no nasal spray). The experimenters were blinded to treatment condition, other than for the ‘no 

treatment’ group who did not receive a nasal spray. Following this, participants watched a 

sequence from The Champ to temporarily induce sadness. Subjective mood was measured before 

and after the sadness induction using a modified version of the sadness sub-scale from the 

Positive and Negative Affect Schedule-Expanded Form (PANAS-X), where each item was scored 

from 0 (“not at all”) to 10 (“very much”). Repeated measures multivariate analysis of variance 

(ANOVA) showed significant effects of time and group*time interactions, driven by increased 

sadness in all groups, except the ‘citalopram’ group in which sadness remained unchanged95. Post-

hoc tests revealed the effect size of the placebo was moderate to large (Hedges’ g ranged from 

0.59 to 0.87)95. Interestingly, subjective sadness in the ‘ondansetron’ group did not differ from the 

‘placebo’ and ‘no treatment’ groups, implying the suggestions of increased sadness did not result 

in a nocebo effect. A follow up study with the same placebo, sadness induction, and outcome 

measures investigated whether deception was necessary to cause placebo effects on sadness in 

147 healthy volunteers (68% female)153. Participants were randomised to differing experimental 

conditions relating to whether the placebo was open-label or deceptive and the style of 

information presented (rational facts versus a personal story). The personal story recounted the 
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experience of a fictitious participant deriving benefit from the placebo, while the rational facts 

were presented with scientific terminology and stated the ‘drug’ would protect from sadness 

through re-uptake inhibition of serotonin or the placebo would protect from sadness through 

conditioning mechanisms. The result was five experimental groups: scientific rationale (deceptive 

or open-label), personal rationale (deceptive or open-label), and a ‘no treatment’ control group. 

Interestingly, there were no differences in sadness depending on type of rationale, but the open-

label placebo groups exhibited significant increases in sadness following the film while the 

deceptive placebo groups exhibited no change in sadness153. Indeed, post-film sadness was similar 

in the control and open-label groups, and significantly lower in the deceptive groups153.  

Finally, the effect of a placebo on autonomic measures following sadness induction has been 

assessed in 120 healthy female volunteers152. The study design was similar to those described 

above, with an identical placebo nasal spray and identical subjective measures of sadness. 

However, sadness was instead induced through the presentation of negative self-evaluation 

statements combined with mood congruent music. Skin conductance level and heart rate were 

measured during and after the sadness induction. Participants were randomised to a ‘citalopram’ 

group, a ‘placebo’ group (suggested not to affect sadness), and a ‘no treatment’ group that did 

not receive the placebo. As with the above studies, the experimenter was blinded to ‘citalopram’ 

and ‘placebo’ condition, but was not blind to the ‘no treatment’ condition. In this study, sadness 

significantly increased following the induction procedure in the ‘placebo’ and ‘no treatment’ 

groups, but not the ‘citalopram’ group152. Further, skin conductance level was significantly 

reduced in the ‘no treatment’ group compared with the ‘citalopram’ group with a moderate effect 

size (d = 0.60), but the difference between ‘citalopram’ and ‘placebo’ groups was not 

significant152. There were no significant differences between groups in heart interbeat interval. 

The results from the studies above suggest that expectations can ‘protect’ healthy volunteers 

from experiencing sadness during an acute experiment. However, there are some potential 

confounds. When the placebo was given openly, the effect on sadness did not differ from no 

treatment. By contrast, open-label placebos have shown effects on symptoms in a variety of 

conditions including back pain, cancer-related fatigue, allergic rhinitis, irritable bowel syndrome, 

and major depression (for a review see161). Indeed, an open-label placebo also reduces ratings of 

unpleasantness in healthy volunteers (see section 1.5.3)156. Interestingly, in these studies that 

showed an effect of open-label placebo, there was no ‘active’ treatment arm. Perhaps 

participants’ knowledge that there was another ‘drug’ group in the above studies affected 

expectations regarding potential benefits of the ‘placebo’. Moreover, the effects of the placebo 

were larger on subjective outcomes compared with autonomic outcomes. This might reflect 

responder bias: the participants might have given responses that they believed were the expected 
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responses, or that they believed would please the researcher162,163. The risk of responder bias 

should have been reduced through blinding the experimenter, although the experimenter was not 

completely blind in these studies. Thus, sadness reporting might have been increased in the ‘no 

treatment’ groups, for example. Finally, most participants in these studies were female, and it is 

unknown whether the results would generalise to a male-predominant or more balanced sample.  

1.5.2 Rumination 

The effect of a placebo nasal spray on acute induction of rumination in healthy volunteers has 

been investigated in a single study157. Ninety-one participants (47 females, 52%) underwent a 

negative mood induction that involved a combination of negative autobiographic recall and 

listening to sad music. Following this, they were randomised to either a control group that 

received no treatment or a deceptive placebo group, in which participants were told they would 

receive an antidepressant nasal spray called ‘Ramiprazol-direct’. In reality, as with other studies 

by the same group above, the nasal spray contained only a low dose of capsaicin (0.0007%). 

Following this, participants completed a rumination task, in which they were asked to read 

statements designed to direct their attention inwards (e.g. “Think about how tired you feel”) and 

consider associated thoughts and feelings for 8 minutes. State rumination was subsequently 

assessed via a validated questionnaire called ‘Questionnaire to assess state rumination’. An 

ANOVA with repeated measures showed a significant interaction of time*group, driven by a 

significantly lower rumination score following rumination induction in the placebo group (d = 

0.57)157. However, there was no placebo-expectation control group. The experimenter and 

participant were additionally unblind to experimental condition. It is therefore unclear whether 

the lower rumination score was the result of placebo mechanisms (such as expectation) or 

another phenomenon such as responder bias or disappointment at not receiving a treatment for 

those in the ‘no treatment’ group. 

1.5.3 Unpleasantness and distress 

Three studies have been published in which placebo effects on ‘unpleasantness’ or ‘distress’ were 

investigated155,156. The first involved a conditioning paradigm followed by an fMRI experiment in 

fifteen healthy female volunteers155. On day 1, participants were shown unpleasant and neutral 

pictures from the International Affective Picture system (IAPS) and asked to rate feelings of 

unpleasantness. Following this, they were given an infusion of midazolam 0.015mg/kg, an 

anxiolytic drug, and repeated the picture viewing. This reduced subjective ratings of 

unpleasantness. They were then given an infusion of flumazenil 0.25mg, which reverses the 

effects of midazolam. They then viewed the pictures again and unpleasantness ratings increased. 
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On day 2, participants were given two infusions of 5ml saline in the fMRI scanner. During one 

infusion participants were told they were receiving midazolam, while during the other infusion 

they were told they were receiving flumazenil. This manipulation produced significantly reduced 

unpleasantness ratings and bilateral amygdala activity during the placebo condition 

(“midazolam”) compared with the control condition (“flumazenil”)155. Placebo also activated 

lateral orbitofrontal cortex (OFC) and rostral anterior cingulate cortex (rACC), regions typically 

associated with placebo analgesia, and rACC activity correlated positively with degree of placebo 

response155. It should be noted that although the conditioning procedure involved an anxiolytic 

drug, participants were asked to rate the pictures’ ‘unpleasantness’. Unpleasantness is a complex 

emotional concept, and so it is unclear which underlying emotion was manipulated. Potential 

emotions could include anxiety, disgust, or sadness. 

In two related studies, investigators explored whether an open-label placebo treatment could 

reduce ‘emotional distress’ when viewing negative images156. Sixty-two healthy volunteers (23 

females) took part in experiment 1, while 198 volunteers (all female) participated in experiment 2. 

In both experiments, participants were randomised to open-label placebo or control. In the 

former, participants read an article about placebo effects, including information that placebo 

effects can occur without deception. In the latter, participants read an unrelated article about 

pain. Following this, the experimenter gave the participants a placebo saline nasal spray with 

differing instructions. In the placebo group, the experimenter reminded participants that the 

placebo would work if the person believed it would; while for the control group the experimenter 

stated the nasal spray was important for obtaining good quality physiological readings. The 

experimenter was not blind to experimental condition. Following administration of the nasal 

spray, participants completed an image viewing task. In this task, participants were shown neutral 

and negatively valenced images and then asked to rate how ‘distressed’ the images made them 

feel. Experiment 1 focussed on self-report behavioural results, and showed that participants in 

the open-label placebo reported significantly less distress following negative pictures than the 

control group156. Experiment 2 focussed on the sustained late positive potential (LPP), an EEG 

marker of emotional distress. Participants in the open-label placebo group exhibited a gradual 

reduction in LPP throughout the picture presentation while those in the control group showed no 

change in magnitude in the LPP156. Although the experimenter was not blinded, the authors 

argued that since the open-label placebo affected an EEG biomarker, the placebo effect on 

distress was likely over and above responder bias156. Nevertheless, it remains unclear which 

emotion was manipulated, as ‘emotional distress’ is a vague construct. Moreover, experiment 2 

included only female participants and it is unknown if similar effects on LPP would be seen in male 

participants. 
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1.5.4 Disgust 

Investigators have attempted to image placebo effects on disgust through a crossover study in 34 

healthy female volunteers154. During two fMRI sessions, participants were shown images of either 

a disgust, fear or neutral valence. Each fMRI session was separated by 1 week. During one of 

these sessions, participants received a placebo pill with verbal suggestions that the pill contained 

pulverised bark of the angostura tree, a powerful anti-disgust herbal medicine. In the other 

session, participants received no tablet. After each scan, participants were shown the images that 

they had seen during the scan again and were asked to rate the intensity of fear and disgust 

elicited for each category. Paired t-tests showed that both fear and disgust ratings were reduced 

in the placebo condition. Compared with the no-placebo condition, in the disgust vs neutral 

contrast, the placebo was associated with reduced activation of the left insula. No regions showed 

increased activity. Exploratory analyses of the fear vs neutral contrast showed no significant 

activation changes. An exploratory psychophysiological interaction (PPI) analysis in the placebo 

condition showed reduced functional connectivity between bilateral amygdala and the insula and 

orbitofrontal cortex, and increased connectivity between dorsomedial prefrontal cortex and 

amygdala in the disgust vs neutral contrast154. A potential confounder in this study is that the 

pictures were repeated multiple times, which might have altered emotional responses to them. 

The authors checked for order effects to attempt to rule this out and there was no difference 

between participants who received placebo first or second. However, participants were also 

shown the images after the scan in the presence of the experimenters to rate their emotional 

response, which could introduce recall bias or responder bias. It is therefore unclear whether the 

imaging results truly represent the reported emotional responses. 

1.5.5 Anxiety 

Placebo anxiolysis has also been explored in three related studies, all through an unpredictable 

threat of shock paradigm158,159. In these studies, healthy volunteers underwent an experimental 

task comprising 12 runs. In 6 of these runs, the participants were given a placebo with verbal 

suggestions that it was an anxiolytic drug (either intranasal lorazepam or laughing gas), while in 

the other 6 runs they were given a placebo and told it was inert. Each run involved 7-12 trials of 

either threat or no threat valence, indicated by differing geometrical cues. In threat trials, the 

probability of receiving a painful electric stimulus was 25-33%, and participants were aware of 

this. In all three experiments, placebo reduced subjective fear and skin conductance responses 

globally, regardless of whether the trial was threat or non-threat158,159. Furthermore, event-

related potentials measured through electronencephalography were also attenuated in all 

placebo runs regardless of trial type158. This was interpreted as reduced sustained arousal and 
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vigilance resulting from placebo treatment. Supporting this, the authors also found increased 

alpha activity and increased frontal theta power on EEG in the inter-trial intervals, suggesting 

reduced arousal and possibly recruitment of top-down control mechanisms158. The third study 

also demonstrated evidence for placebo-attenuated responsiveness to salient cues during fMRI 

scanning. Regardless of trial type, placebo reduced activity within the salience network, and 

increased activity within the rostral anterior cingulate cortex159. Further, placebo administration 

increased functional connectivity between the rostral anterior cingulate cortex and the salience 

network, and this was generalisable to the entire default mode network159.  

There are, however, some problems with this placebo paradigm. It is unclear whether the 

reduced arousal that was measured truly represents placebo anxiolysis, or instead represents 

another phenomenon. Often, anxiety in an unpredictable shock paradigm is measured through 

startle responses rather than subjective fear ratings or skin conductance as in the above 

studies164. Indeed, in healthy volunteers unpredictable threat of shock has been associated with 

reduced skin conductance responses compared with predictable shocks165. As such, it is unclear 

whether what has been interpreted as reduced arousal seen in this placebo manipulation is 

indeed a measure of anxiety reduction. Moreover, this placebo procedure was carried out under 

single-blind conditions, and so the possibility of responder bias cannot be discounted. 

1.5.6 Summary 

In sum, placebo effects on sadness, rumination, and unpleasantness have been investigated 

behaviourally, while neuroimaging correlates of placebo effects have been assessed in disgust, 

unpleasantness, and anxiety. There was some evidence in these studies that treatment 

expectations could influence the experience of emotion. However, there were a number of 

confounds that mean the results should be interpreted with caution, particularly issues around 

blinding, possible gender bias, and potential for responder bias.  

The above issues notwithstanding, the neuroimaging correlates of placebo effects on emotion 

suggest there is at least one neurobiological system that might be important in both placebo 

effects and other forms of emotion regulation. Reduced feelings of ‘unpleasantness’ were related 

to reductions in amygdala activity, and associated with increased rACC and lateral OFC activity155. 

Consistent with this, placebo effects on disgust were associated with reduced connectivity 

between the OFC, insula and bilateral amygdala154. Increased rACC activity was also associated 

with reduced arousal following placebo administration, as well as increased functional 

connectivity between the default mode and salience networks159. In line with these findings, the 

default mode network, and the ventromedial prefrontal cortex which includes the rACC in 
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particular, has recently been hypothesised to be central in generating placebo effects76. Studies of 

placebo analgesia have shown expectancy- and placebo-induced reductions in bilateral amygdala 

activity as well as increases in rACC, OFC, dorsolateral prefrontal cortex, and periaqueductal grey 

matter129. These findings suggest that the top-down control of emotion and pain might share 

common mechanisms. Indeed, automatic emotion regulation processes are known to recruit 

regions including ACC, OFC and medial prefrontal cortex, while voluntary processes additionally 

recruit lateral prefrontal cortex, to downregulate amygdala activity166,167. A potential common 

neurotransmitter system might be the endogenous opioid system, as the ACC, OFC, and the 

amygdala are known to be important nodes in this system (see Figure 1.3)130,168. The endogenous 

opioid system is important in regulation of pain transmission, and in placebo analgesia79,130. 

Accumulating evidence suggests this system also regulates a range of other physiological 

processes including gastrointestinal function, immunity, and affective states168-170. If activation of 

the endogenous opioid system through expectancies leads to psychiatric symptom relief, then by 

extension it is possible that this system might be a relevant treatment target for psychiatric 

disorders. However, it is unclear whether the experimental emotion inductions used in placebo 

research to date are ecologically valid for psychiatric disorder. For example, some evidence 

suggests that dysfunctional cognitions are only observed during experimentally induced sad mood 

in those predisposed to clinical depression171. Similarly, threat of shock induces a functional 

anxiety response to a genuine stressor as opposed to the dysfunctional anxiety that is 

characteristic of anxiety disorders172. We need experimental paradigms that are more ecologically 

valid to fully understand the psychoneurobiological mechanisms of placebo effects in patients 

with psychiatric disorders. 
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Figure 1.3 Distribution of µ-opioid receptors in the brain, demonstrated by mean 

[11C]carfentanil non-displaceable binding potential from PET imaging of 89 healthy 

volunteers, visualised on the standard Montreal Neurological Institute (MNI) 

template.  

 Image adapted with permission from168, statistical parametric map available from 

https://neurovault.org/media/images/4841/mean_carfentenil_BPND_88_1mm.nii.gz 

 

https://neurovault.org/media/images/4841/mean_carfentenil_BPND_88_1mm.nii.gz
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1.6 Overall summary and gaps in the literature 

Improved treatments are needed for psychiatric disorders. However, the discovery of new 

therapeutic agents is potentially hindered by the large placebo responses seen in psychotropic 

drug trials. By understanding the placebo response, we might understand how to better design 

clinical trials and identify potential novel therapeutic targets for psychiatric disorders.  

In this chapter, I have summarised our current understanding concerning how placebo 

mechanisms operate in, and influence the outcome of, clinical trials. Variables at both the trial 

level, for example duration of the trial or number of centres, and at the within-subject level, such 

as expectations and previous experiences, are likely to influence placebo response rate. However, 

the relative importance of these variables likely differs between conditions. Analyses have been 

carried out exploring these in depression42, bipolar affective disorder46, schizophrenia58 and 

ADHD51, but predictors of placebo response rates have been scarcely explored in other conditions. 

Whether predictors of placebo response rate differ from predictors from medication response 

rate is also unknown for the majority of psychiatric disorders.  

I have also discussed our current understanding of the mechanisms that drive placebo effects. 

Psychological mechanisms include expectations and learning, which likely interact to recruit top-

down neurobiological control systems. The best understood of these neurobiological systems is 

the endogenous opioid system, mainly through research into placebo analgesia. There is evidence 

to suggest these psychological mechanisms and the endogenous opioid system might also be 

important in placebo effects on emotion, which might be clinically relevant for psychiatry. This 

comes from studies in which attempts were made to induce placebo effects on sadness, 

rumination, disgust, feelings of unpleasantness, and anxiety. However, these experimental 

paradigms had confounders that mean it is unclear whether they truly measured placebo effects 

on emotion. It is also unclear whether these experimental paradigms are clinically relevant. There 

are two approaches that could address this. First, we can investigate the neuroimaging correlates 

of placebo effects in patients with psychiatric disorders to determine whether similar brain 

regions and neurotransmitters are associated. Second, we can explore placebo mechanisms in an 

experimental paradigm that has little risk of bias and high construct and ecological validity for 

clinical symptoms. Such an experimental paradigm does not yet exist.  

In the next chapter, I summarise my aims for this thesis, my research questions, and work 

packages intended to address these. 
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Chapter 2 Aims and Work Packages 

2.1 Aims 

The overall aim of this thesis is to improve our understanding of the psychoneurobiology of 

placebo effects in psychiatric disorders. I believe that progressing knowledge in this area will lead 

to improvements in the design of psychotropic clinical trials and potentially lead to identification 

of novel treatment targets. More specifically, my aims for the studies described in this thesis are 

to: 

1. Advance knowledge regarding predictors of medication and placebo response in patients 

with psychiatric disorders. 

2. Explore whether neuroimaging correlates of placebo effects in patients with psychiatric 

disorders correspond with those seen in experimental studies in healthy volunteers. This 

would help to identify whether findings from these studies are likely to be relevant in 

clinical populations. 

3. Develop a novel experimental placebo paradigm that has little risk of bias and high 

construct and ecological validity for clinical symptoms. 

Below I describe the work packages intended to meet these aims. 

2.2 Work packages 

2.2.1 Work package 1: Predictors of treatment response in gambling disorder 

As I discuss in Chapter 1, interest in predictors of medication and placebo response in 

psychotropic trials is growing. A disorder that shows large placebo response rates (sometimes 

exceeding 70%) is gambling disorder173. The pathophysiology of gambling disorder is thought to 

involve the opioidergic and dopaminergic systems, which are also implicated in placebo 

effects56,79,174. Yet, only one study has explored predictors of placebo response in this patient 

group175, and one study has investigated predictors of treatment response in trials of opioid 

antagonists for gambling disorder176. I sought to ascertain predictors of both medication and 

placebo response in patients with gambling disorder, to advance knowledge in this area. 
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2.2.1.1 Research question 

Which factors predict treatment response in clinical trials of gambling disorder, and do the 

predictors differ between active medication and placebo? 

2.2.1.2 Approach 

Predictors of placebo response in clinical trials of psychiatric conditions have been investigated 

through meta-analysis and meta-regression42,46,51,58 and through analysis of individual patient-

level data43,175. Meta-regression allows one to explore how differences in study characteristics 

might influence the effect size of placebo treatment. If there are differences on average in the 

patient populations of included studies, then these can also be included in a meta-regression 

model. However, important information can be lost through meta-regression compared with 

analyses of individual patient data, as by definition the outcome modelled is an average effect. 

Analyses of individual data allow one to assess the effect of within-subject variables on the 

interindividual degree of response with greater statistical power and less risk of bias than can be 

achieved with meta-regression177-179. Therefore, pooling data from multiple trials was the best 

approach to answer my research question. This approach has been used in the past to explore 

predictors of placebo response in patients with anxiety and depressive disorders. Study-level 

predictors, such as studies conducted in Europe, and within-subject predictors, such as baseline 

severity, were found to be significant43.  

I was fortunate to be able to collaborate with Professor Jon Grant (University of Chicago) and 

Professor Sam Chamberlain (University of Southampton) who had access to a suitable dataset. 

This dataset included individual patient data from multiple clinical trials in gambling disorder all 

carried out by the same research group. I report the results of an investigation into the predictors 

of treatment response in this dataset in Chapter 3. 

2.2.2 Work package 2: Ascertain neuroimaging markers of placebo response in patients 

with depressive or anxiety disorders 

Attempts have been made to generate placebo responses in experimentally-induced emotional 

states in healthy volunteers including sadness95,152,153, disgust154, rumination157, feelings of 

unpleasantness155,156, and anxiety158,159. However, these experiments were affected by confounds, 

and the relationship between these experimentally-induced emotional states and clinical 

psychiatric symptoms is unclear (see section 1.5). Some of these studies involved neuroimaging. 

The findings of these studies suggest that brain regions associated with the endogenous opioid 

system might be important in placebo effects on emotion. If activity in similar brain regions is 
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associated with placebo responses in patients, then this would increase confidence that the data 

from these healthy volunteer studies are clinically relevant. The most relevant clinical conditions 

to the emotional domains studied thus far are depressive and anxiety disorders. Both depressive 

and anxiety disorders exhibit altered processing of negatively valenced emotional information, 

and this is detectable through neuroimaging180,181. I sought to investigate the functional 

neuroanatomical correlates of placebo responses in patients with these disorders. 

2.2.2.1 Research question 

What are the functional neuroanatomical correlates of placebo response in patients with 

depressive or anxiety disorders? 

2.2.2.2 Approach 

This question could have been answered by experimentally inducing placebo responses in 

patients with depressive or anxiety disorders as they underwent neuroimaging. However, even if 

there were an experimental paradigm with low risk of bias, it would remain unclear whether any 

observed neural activity would also mediate ‘naturally-occurring’ placebo effects such as those 

seen in clinical trials. Another approach could have been to carry out a placebo-controlled trial 

and measure neuroimaging correlates of improvement in the placebo group. But, although 

placebo response rate in psychotropic trials averages 30%42,44,50, there is no guarantee that any 

patients would respond. Further, I would also likely need to scan a large number of patients to 

achieve adequate statistical power. I decided that a more feasible approach was to systematically 

search the literature of clinical trials in patients with depressive or anxiety disorders that have 

involved neuroimaging for data concerning neural correlates of placebo response. 

A systematic review is an in-depth, comprehensive summary of the literature regarding a specific 

topic. Using explicit and reproducible methods, the literature is systematically searched, critically 

appraised and synthesised, which reduces the chance of errors or bias182. Where identified 

research is similar, the results can be statistically synthesised in a meta-analysis182. This approach 

is ideal for the current research question. Such approaches have previously been used to explore 

neuroimaging correlates of placebo analgesia129,183. I report the results of a systematic review of 

functional neuroimaging correlates of placebo response in patients with depressive or anxiety 

disorders in Chapter 4. 
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2.2.3 Work package 3: Develop a novel experimental placebo paradigm with high validity 

for clinical psychiatric symptoms 

To test hypotheses regarding the psychoneurobiology of placebo effects on psychiatric symptoms, 

an experimental paradigm is needed that reliably and reproducibly generates a placebo response. 

Even though there are large placebo response rates in clinical trials for psychiatric disorders, it is 

not practical to conduct all placebo research in patients. Patient research is complex, expensive, 

and challenging in terms of recruitment and confounders, such as comorbidity and other 

treatments41. In addition, there are potential ethical questions to consider. If an active treatment 

is known to be beneficial, then withholding this to conduct placebo research would arguably not 

be in patients’ best interests. Using a placebo is easier to justify ethically when the efficacy of an 

active treatment is unclear; but this uncertainty might reduce the effect size of placebo75,184. 

Indeed, experimental manipulation in healthy volunteers maximises placebo response75,184, and 

recruitment of these participants is relatively simple, potentially speeding up research in this field. 

Experiments in healthy volunteers will be important in the future, but the experimental paradigm 

must be reliable, easy to reproduce, and have clinical validity.  

2.2.3.1 Research question 

Is it possible to induce a placebo response in an experimental model of psychiatric symptoms in 

healthy volunteers? 

2.2.3.2 Approach 

Human experimental models have been developed for several psychiatric disorders. Models of 

psychosis include administration of apomorphine (non-selective dopamine agonist)185, NMDA 

antagonists such as ketamine186, or serotonin receptor 2A agonists such as psilocybin186. Human 

experimental models of depression include depletion of dietary tryptophan186 or administration of 

human endotoxin187. These models induce symptoms or experiences in healthy volunteers similar 

to those seen in their respective psychiatric disorders. However, these models are not ideal for 

research into placebo mechanisms as they involve administration of a drug or special diet 

designed to induce symptoms, which could be considered a nocebo. Expectancies regarding the 

additional pill, diet, or injection might confound expectancies regarding the placebo itself. 

Another experimental model of depression involves measurement of emotion processing 

biases188. As an example, treatment with a selective serotonin reuptake inhibitor (a first-line 

treatment for depression) relatively improves recall of positive emotional events compared with 

negative ones in healthy volunteers189. This shift in emotional processing biases is thought to lead 

to improvements in depressive symptoms. This does not involve administration of a ‘drug’ or 
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‘nocebo’. However, I have carried out research previously that suggests placebo responses in this 

model are minimal190. Therefore, the models described thus far are not ideal for the development 

of a novel experimental placebo paradigm. 

In contrast with many psychiatric symptoms, fear and anxiety are easy to trigger and quantify in 

the laboratory41. Several experimental models of clinical anxiety in healthy volunteers have been 

developed (see Table 2.1). These include pharmacological challenges, such as administration of 

the benzodiazepine antagonist flumazenil39, behavioural challenges, such as the Trier Social Stress 

Test (TSST)40, and physiological challenges, such as inhalation of carbon dioxide (CO2)40.  

 

Table 2.1 A non-exhaustive list of experimental models of clinical anxiety used in healthy volunteers 

Pharmacological challenges Physiological challenges Behavioural challenges 

• Caffeine 
• Cholecystokinin 
• Flumazenil (benzodiazepine 

antagonist) 
• Yohimbine (alpha-2 

adrenergic antagonist) 

• Inhalation of CO2 
• Hyperventilation 
• Sodium lactate infusion 
 

• Unpredictable threat of 
electric shock 

• Darkness 
• Trier Social Stress Test 
 

List of models gathered from the following citations39-41,172 
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As discussed above, pharmacological models of anxiety are not ideal for development of an 

experimental placebo paradigm. However, physiological challenges that allow manipulation of the 

intensity of an aversive stimulus for the participant could be an ideal basis for a clinically-relevant 

placebo paradigm. Inhalation of air enriched with 7.5% CO2 (or 7.5% ‘CO2 challenge’) mimics the 

subjective, autonomic and neurocognitive features of generalised anxiety disorder191-193. In 

addition, anxiety in this model is ameliorated by standard pharmacological and psychological 

treatments for generalised anxiety disorder194,195. Since this model is treatment-responsive, has 

construct validity for clinical anxiety, and allows for control of the anxiogenic stimulus intensity, it 

is ideal for use in an experimental placebo procedure. I report an attempt to create a novel 

placebo procedure using this anxiety model in Chapter 5. 

Similarly, a behavioural challenge that causes dysfunctional anxiety (as seen in an anxiety 

disorder) could be used to generate clinically-relevant experimental placebo responses. The TSST 

is a reliable and ecologically valid method for inducing acute stress under controlled conditions196, 

and has been used as an experimental medicine model of social anxiety disorder since it induces 

social-evaluative threat40. Measures of stress and anxiety in the TSST are also ameliorated by 

standard anxiolytic treatments, e.g. alprazolam197, and experimental treatments, e.g. 

buprenorphine198. This suggests that the TSST has good construct validity for social anxiety 

symptoms. In Chapter 6, I report the results of a study in which I attempted to generate a placebo 

response in a modified version of the TSST for use with videoconferencing software. 
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Chapter 3 Predictors of Placebo Response Differ from 

Predictors of Medication Response in Gambling 

Disorder 

3.1 Background  

Gambling is a recreational activity that is found throughout the world. However, in some 

individuals, gambling behaviour can become persistent, recurrent and maladaptive, leading to 

problems with relationships, employment and financial difficulties199. The prevalence of gambling 

disorder is approximately 1%, with a further 3-4% exhibiting subclinical problem gambling 

behaviours200,201. Furthermore, patients with gambling disorder often experience comorbid 

psychiatric disorders, such as depression or anxiety disorders200,202. Therefore, gambling disorder 

yields a significant public health burden. At present, there are no licensed treatments for 

gambling disorder. One contributing factor to this is the large placebo response rate seen in 

clinical trials for gambling disorder treatments. Placebo response rates can surpass 70%173. As a 

result, it can be challenging to demonstrate medication benefits over placebo.  

Improved understanding of which factors predict placebo response could inform better designs of 

clinical trials. For example, standardising certain predictors (e.g. trial duration), or controlling for 

them in the analysis (e.g. including previous experience of treatment as a covariate), might 

improve assay sensitivity of the placebo-controlled trial56. Predictors of placebo response in 

clinical trials of psychiatric conditions have been explored through meta-analysis and meta-

regression42,46,51,58. Meta-regression enables an assessment of how variations in study 

characteristics might influence a treatment’s (or placebo’s) effect size. However, important 

information can be lost through meta-regression compared with analyses of individual patient 

data, as by definition the outcome in the model is an average effect. By contrast, analyses of 

individual patient-level data allow estimation of the effect of within-subject variables on the 

interindividual degree of response. For example, state anxiety and noradrenaline levels have been 

associated with interindividual variability in placebo-induced interleukin-2 suppression203.  

Two previous studies in gambling disorder have involved pooled analyses of patient-level data to 

explore predictors of treatment response175,176. The first pooled data across two placebo-

controlled trials of opioid antagonists (naltrexone and nalmefene)176. A family history of 

alcoholism and the strength of gambling cravings were significantly related to medication 

response, while placebo response was associated with younger age176. The second pooled data 
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from 152 patients randomised to placebo from several clinical trials in gambling disorder175. 

Predictors including number of weeks completed in the trial, ethnicity, and reporting enjoyment 

as a trigger to gambling behaviour, were significantly associated with placebo response175.  

In both studies described above, patients were dichotomised into responders and non-

responders175,176. However, it is unlikely that there is an underlying dichotomy in placebo 

responsiveness. For example, if the threshold for response is determined to be 35% improvement, 

then a patient who improves by 33% is classed as a non-responder, despite improving a great 

deal. Dichotomising the outcome into “responder” and “non-responder” likely causes loss of 

information regarding its relationship with predictor variables, reducing statistical power204,205. 

Further, the threshold for labelling treatment response in gambling disorder remains unclear206. A 

further limitation of these studies is that the comparison with medication response was limited. 

Either a single medication class176 or patients treated with placebo only175 were included. 

However, it is important to know which variables predict medication response and placebo 

response in terms of clinical trial design. To maximise the assay sensitivity of the clinical trial, 

placebo response rate needs to be predictable and potential medication response rate needs to 

be maximal54. I therefore chose to include data from medication and placebo arms of clinical trials 

in gambling disorder, with the aim of identifying predictors that transcended any particular class 

of medication. 

In this study, I aimed to identify predictors of placebo response in gambling disorder, and whether 

these differed from predictors of medication response. Individual patient-level data were pooled 

from six treatment studies all carried out by the same group of researchers in a quasi-meta-

analysis (see section 2.2.1.2). These treatment studies were: 

1. A 16-week randomised-controlled trial of the SSRI paroxetine compared with placebo in 

outpatients with gambling disorder in five centres across Spain and the USA. Paroxetine 

was initiated at 10 mg/day, titrated to 20 mg/day during week 2, and was prescribed with 

flexible dosing up to 60 mg/day thereafter. There was no significant difference in 

response rate between groups (59% in the paroxetine group versus 49% in the placebo 

group)207. 

2. A 12-week open-label trial of the SSRI escitalopram. Escitalopram was initiated at 10 

mg/day and increased at fortnightly intervals to 30 mg/day if needed. Gambling 

symptoms severity was significantly reduced at the end of treatment208. 

3. A 14-week open-label trial of N-acetylcysteine (NAC). NAC is thought to reduce reward-

seeking behaviour by increasing extracellular concentrations of glutamate in the nucleus 

accumbens209. In this study, NAC was initiated at 600 mg/day for 2 weeks and increased 
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fortnightly to 1800 mg/day if needed. Gambling symptoms severity was significantly 

reduced at the end of treatment209. 

4. An 18-week randomised-controlled trial of the opioid antagonist naltrexone compared 

with placebo. Patients were randomised to either naltrexone (50 mg/day, 100 mg/day, or 

150 mg/day) or placebo. Outcomes were equivalent between all doses of naltrexone. 

Compared with placebo, patients randomised to naltrexone showed significantly greater 

decreases in gambling severity, urges, and behaviour (according to scores on the Yale-

Brown Obsessive Compulsive Scale adapted for Pathological Gambling [PG-YBOCS])210. 

5. A 10-week open-label trial of memantine. Similarly to NAC, memantine is thought to 

reduce gambling cravings by increasing extracellular glutamate in the nucleus accumbens 

via NMDA antagonism211. In this study, memantine was initiated at 10 mg/day for 2 weeks 

and was titrated fortnightly to 30 mg/day as needed. The retention rate in this study was 

unusually high, with 28 of 29 patients completing the entire 10-week study. Symptom 

severity significantly reduced211. 

6. A 12-week randomised-controlled trial of NAC compared with placebo in patients with co-

occurring gambling disorder and nicotine dependence. Patients were randomised to 

either NAC 1200 mg/day (which was increased to 3000 mg/day based on clinical 

judgement) or placebo. In the first 6 weeks, patients received additional smoking 

cessation treatment, and in weeks 6-12, patients received motivational interviewing and 

imaginal desensitisation therapy for gambling disorder. For the current study, data from 

the 6-week period of treatment for gambling disorder are included. NAC showed no 

statistically significant benefits over placebo212. 

3.2 Method 

3.2.1 Participants 

In all trials, patients were adults (aged 18-75 years) with a diagnosis of gambling disorder 

according to DSM-IV criteria, which was confirmed through a semi-structured clinical interview213. 

Exclusion criteria were: current significant medical illness or abnormalities on physical 

examination; current pregnancy or breastfeeding; history of dementia, bipolar affective disorder, 

or any psychotic disorder; current substance misuse or dependence except nicotine; and recent 

(within 3 months) initiation of psychological or behavioural therapy. 

All trials were carried out in accordance with the protocol and provisions of the Declaration of 

Helsinki. All study procedures and accompanying literature were approved by The Institutional 
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Review Boards of the University of Minnesota and the University of Chicago, USA. All patients 

provided informed, written consent to participate. 

3.2.2 Study assessments 

Data were gathered for all eligible patients regarding general demographics and problems due to 

gambling. Additionally, patients completed the following measures at baseline: 

1. Structured Clinical Interview for Gambling Disorder (SCI-GD) – a clinician-administered, 

nine-item instrument that assesses gambling symptoms over the past 12 months 

according to the DSM criteria for gambling disorder (modified to reflect DSM-5)213. 

2. Structured Clinical Interview for DSM-IV (SCID-I) – to assess for the presence of psychiatric 

comorbidity214. 

3. Gambling Symptom Assessment Scale (G-SAS) – a validated, reliable self-report measure 

of gambling symptom severity over the past week. This scale consists of 12 items, each 

scoring 0-4, with a maximum score of 48215.  

4. Hamilton Rating Scale for Depression (HAM-D) – a validated, reliable clinician-

administered measure of depression severity over the past month216. 

5. Hamilton Rating Scale for Anxiety (HAM-A) – a validated, reliable clinician-administered 

measure of anxiety symptom severity over the past month217. 

Improvement in G-SAS from baseline was an outcome measure in all included trials, and was 

chosen as the primary outcome measure for this analysis. For participants who withdrew before 

the end of the trial, the last available observation was used (last observation carried forward). 

3.2.3 Statistical Analysis 

All statistical analyses were carried out using Jamovi version 1.6.23.0 (https://www.jamovi.org)218. 

A one-way ANOVA demonstrated that there was no significant effect of study on mean change in 

G-SAS (F(5,200) = 1.65, p = 0.147). Data were therefore pooled from all studies for subsequent 

analyses. 

Potential predictors of treatment response were assessed through multiple linear regression 

analysis to reduce the risk of bias that can be introduced by dichotomising outcome and covariate 

variables204,205. I chose to enter the following predictors into a multiple linear regression model, 

based on reported relationships in the literature between predictor variables and treatment 

outcomes and a priori hypotheses, as detailed below: 
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• Demographic predictors: Age, sex, and ethnicity (dichotomised to Caucasian and non-

Caucasian). Younger age has been associated with placebo response, and worse 

outcomes after psychological treatment, in gambling disorder176,219,220. Being male is a 

predictor of improved outcome after psychological therapy for gambling disorder220. 

Finally, Caucasians are less likely to be classed a placebo “responder” in randomised-

controlled trials for gambling disorder175. 

• Predictors related to treatment: Whether the patient had previously received treatment 

for gambling disorder and the number of weeks the patient participated in the trial. 

Previous treatment experience can affect subsequent treatment outcomes113-115. Further, 

time spent in a clinical trial and adherence to treatment have been associated with 

placebo response and response to psychological therapy in gambling disorder175,220. 

• Clinical and severity predictors: Baseline G-SAS, HAM-A and HAM-D scores, whether the 

patient had any psychiatric co-morbidity, and whether the patient played strategic (e.g. 

poker) or non-strategic games (e.g. slots). Baseline severity of symptoms and psychiatric 

comorbidity has been associated with responsiveness to placebo in other conditions (e.g. 

depression43) and with outcome following psychological therapy in gambling 

disorder220,221. Finally, strategic gambling has also been linked to improved treatment 

outcome221,222. 

Since I had no hypotheses regarding whether one predictor would better explain the data than 

another, I entered all predictors simultaneously. I initially ran the model in all patients. Next, to 

identify whether predictors of treatment response differ for placebo or active medication, I ran 

the same models separately in patients randomised to active medication and randomised to 

placebo. The models were only applied to the pooled sample of patients in which all entered 

variables had been measured (i.e. patients with missing data were excluded via listwise deletion). 

Since the placebo response rate in gambling disorder trials is high173, it is common practice to 

exclude patients with mild disorder from these trials to prevent floor or ceiling effects interfering 

with detection of medication effects57. Therefore, to ensure external validity of the current 

analysis, I excluded patients with a baseline G-SAS of less than 20 (classified as ‘mild’ severity of 

symptoms). 

I assessed the robustness of my findings to choices made through two sensitivity analyses. First, I 

carried out the same regressions but included those with mild G-SAS scores at baseline to ensure 

that excluding these patients had not introduced selection bias. Second, I ran the model with 

percentage change in G-SAS as the dependent variable, rather than absolute change in G-SAS, to 

identify whether any predictors reached significance due to floor or ceiling effects. 
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3.3 Results 

3.3.1 Baseline Characteristics 

The final intent-to-treat sample size was n = 279 patients, which reduced to n = 235 patients after 

excluding those with a G-SAS of less than 20 at baseline. Of these, 168 patients (71%) were 

assigned to active medication arms and 67 (29%) were assigned to placebo. The patients’ mean 

age was 47.76 ± 11.11 years. The majority of patients were single or divorced (n = 129, 55%), and 

32 (18%) had a previous history of alcohol dependence. On average, patients started gambling 

aged 37.82 ± 12.52 years, and mean time to gambling becoming a problem was 10.07 ± 9.61 

years. Forty-two percent of patients had previously sought treatment for gambling disorder. 

Across all studies, mean baseline G-SAS was 31.51 ± 6.42 (severe), which on average reduced to 

19.28 ± 10.78 (mild). Baseline characteristics are summarised in Table 3.1. 
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Table 3.1 Baseline characteristics 

Continuous variables Mean ± SD 

Age (yrs) 47.76 ± 11.11 

G-SAS baseline 31.51 ± 6.42 

HAM-A baseline 7.03 ± 4.37 

HAM-D baseline 7.11 ± 4.08 

Weeks completed 10.89 ± 5.15 

Grant et al., 2003207 13.47 ± 4.30 

Grant and Potenza, 2006208 8.80 ± 3.05 

Grant et al., 2007209 7.77 ± 4.02 

Grant et al., 2008a210 13.21 ± 6.06 

Grant et al., 2010a211 9.78 ± 1.15 

Grant et al., 2014212 6.00 ± 0.00 

Categorical variables N (%) 

Females 122 (52.0) 

Caucasians 193 (86.0) 

Previous gambling treatment 67 (42.0) 

Psychiatric co-morbidity present 89 (51.0) 

Strategic gambling 27 (12.0) 

Education 

High school graduate or less 

Some college 

College graduate or more 

 

48 (21.0) 

89 (40.0) 

87 (39.0) 

Abbreviations: SD, standard deviation; G-SAS, Gambling Symptom 
Assessment Scale; HAM-A, Hamilton Rating Scale for Anxiety; HAM-D, 
Hamilton Rating Scale for Depression 
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3.3.2 Predictors of treatment response 

3.3.2.1 All patients 

When pooling all patients, the regression model was significant and explained 18% of the variance 

in change in G-SAS (adjusted R2 = 0.18, F(11,119) = 3.60, p = 0.00021). Positive predictors of 

treatment response included baseline G-SAS (β = 0.37, t = 4.26, p < 0.0001), number of weeks 

completed in the trial (β = 0.19, t = 2.33, p = 0.0215), and baseline depression severity (β = 0.36, t 

= 2.29, p = 0.0235). Baseline anxiety severity was the only negative predictor of treatment 

response (β = -0.52, t = -3.32, p = 0.0012). 

3.3.2.2 Active arms only 

For patients receiving active treatment, the regression model was significant and explained 22% 

of the variance in change in G-SAS (adjusted R2 = 0.22, F(11,85) = 3.46, p = 0.00051). The only 

positive predictors of treatment response in this model were baseline G-SAS (β = 0.43, t = 4.17, p 

< 0.0001) and number of weeks completed in the trial (β = 0.30, t = 3.20, p = 0.0020). Baseline 

anxiety severity approached significance as a negative predictor (β = -0.35, t = -1.87, p = 0.0643). 

3.3.2.3 Placebo arms only 

For patients receiving placebo, the regression model was significant and explained 30% of the 

variance in change in G-SAS (adjusted R2 = 0.30, F(11,22) = 2.29, p = 0.04725). Baseline anxiety 

severity was a negative predictor of placebo response (β = -1.03, t = -3.88, p = 0.0008), while 

baseline depression symptoms positively predicted placebo response (β = 0.62, t = 2.32, p = 

0.0299). Further, non-Caucasian patients exhibited significantly increased change in G-SAS scores 

following placebo treatment (β = 0.97, t = 2.50, p = 0.0203). 
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Table 3.2 Results of multiple linear regression models calculated to predict treatment response (change 
in G-SAS). Separate models were calculated for all patients, and for those allocated to active 
medication or placebo. 

 All patients Active arms only Placebo arms only 

Predictor β coeff. 95% CI β coeff. 95% CI β coeff. 95% CI 

Age  0.01 -0.17,  0.18  0.07 -0.14,  0.27 -0.18 -0.51,  0.15 

Gender  0.17 -0.16,  0.51  0.18 -0.21,  0.58 -0.20 -0.90,  0.49 

Non-Caucasian  0.11 -0.37,  0.58 -0.13 -0.75,  0.49  0.97  0.17,  1.77* 

Weeks completed  0.19  0.03,  0.36*  0.30  0.11,  0.49** -0.22 -0.57,  0.12 

Previous gambling 
treatment 

-0.03 -0.36,  0.30 -0.01 -0.38,  0.37  0.16 -0.54,  0.85 

Baseline G-SAS  0.37  0.20,  0.55***  0.43  0.23,  0.64***  0.27 -0.08,  0.62 

Baseline HAM-A -0.52 -0.83, -0.21** -0.35 -0.72,  0.02 -1.03 -1.58, -0.48*** 

Baseline HAM-D  0.36  0.05,  0.67*  0.24 -0.13,  0.61  0.62  0.07,  1.17* 

Psychiatric 
comorbidity 

-0.03 -0.37,  0.30 -0.04 -0.43,  0.34  0.40 -0.30,  1.11 

Strategic gambling -0.48 -1.03,  0.07 -0.43 -1.03,  0.17  0.13 -1.25,  1.52 

* p < 0.05, ** p < 0.01, *** p < 0.001 
β refers to standardised regression coefficients 
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3.3.3 Sensitivity analyses 

To assess the robustness of my findings to choices I made during the analysis, the regression 

models detailed above were repeated, employing: 1. Patients with mild G-SAS scores (< 20) 

included; 2. Percentage reduction in G-SAS as the outcome variable. 

3.3.3.1 Models including patients with mild G-SAS scores 

The results of this analysis are summarised in Table 3.3. All models remained significant. In all 

patients, the model explained 24% of the variance in change in G-SAS (adjusted R2 = 0.24, F(11,127) = 

4.88, p < 0.00001). The significant predictors were again baseline G-SAS, number of weeks 

completed in the trial, baseline depression severity, and baseline anxiety severity. In patients 

randomised to active medication, the model explained 25% of the variance in change in G-SAS 

(adjusted R2 = 0.25, F(11,91) = 4.07, p < 0.0001), and baseline HAM-A score was an additional 

significant negative predictor of treatment response (β = -0.37, t = -2.11, p = 0.0379). In patients 

assigned placebo, the model explained 31% of the variance in change in G-SAS (adjusted R2 = 0.31, 

F(11,24) = 2.43, p = 0.0336). In this group, baseline G-SAS was an additional positive predictor (β = 

0.50, t = 3.11, p = 0.0048), while baseline HAM-D score was no longer a significant predictor.  

3.3.3.2 Models with percentage change in G-SAS as dependent variable 

These results are summarised in  

Table 3.4. The models in all patients and in patients randomised to active medication remained 

significant, explaining 11% (adjusted R2 = 0.11, F(11,119) = 2.42, p = 0.0093) and 14% (adjusted R2 = 

0.14, F(11,85) = 2.41, p = 0.0117) of the variance in percentage change in G-SAS, respectively. 

However, the model in patients randomised to placebo approached significance, explaining 28% 

of the variance in percentage change in G-SAS (adjusted R2 = 0.28, F(11,22) = 2.16, p = 0.0599). The 

only change in predictors in all 3 models was that baseline G-SAS was no longer significant in the 

model that included all patients, instead approaching significance (standardised β = 0.17, t = 1.87, 

p = 0.0638). 
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Table 3.3 Results of multiple linear regression models calculated to predict treatment response (change 
in G-SAS). These models included patients with mild symptoms (G-SAS < 20). 

 All patients Active arms only Placebo arms only 

Predictor β coeff. 95% CI β coeff. 95% CI β coeff. 95% CI 

Age  0.02 -0.14,  0.18  0.07 -0.13,  0.26 -0.09 -0.40,  0.23 

Gender  0.13 -0.18,  0.44  0.14 -0.23,  0.51 -0.24 -0.92,  0.45 

Ethnicity  0.13 -0.32,  0.58 -0.11 -0.72,  0.50  0.96  0.18,  1.73* 

Weeks completed  0.20  0.05,  0.35*  0.30  0.12,  0.47** -0.14 -0.48,  0.20 

Previous gambling 
treatment 

-0.04 -0.34,  0.26 -0.03 -0.38,  0.32  0.12 -0.56,  0.80 

Baseline G-SAS  0.45  0.29,  0.61***  0.48  0.28,  0.67***  0.50  0.17,  0.84** 

Baseline HAM-A -0.52 -0.80, -0.23*** -0.37 -0.71, -0.02* -0.83 -1.36, -0.30** 

Baseline HAM-D  0.37  0.08,  0.66*  0.27 -0.07,  0.62  0.44 -0.08,  0.96 

Psychiatric 
comorbidity 

-0.00 -0.31,  0.31 -0.01 -0.37,  0.36  0.25 -0.41,  0.91 

Strategic or non-
strategic gambling 

-0.45 -0.97,  0.08 -0.43 -1.01,  0.15 -0.03 -1.39,  1.34 

* p < 0.05, ** p < 0.01, *** p < 0.001 
β refers to standardised regression coefficients 

 

Table 3.4 Results of multiple linear regression models calculated to predict treatment response 
(percentage change in G-SAS). 

 All patients Active arms only Placebo arms only 

Predictor β coeff. 95% CI β coeff. 95% CI β coeff. 95% CI 

Age  0.02 -0.16,  0.20  0.08 -0.13,  0.30 -0.16 -0.49,  0.17 

Gender  0.23 -0.11,  0.58  0.26 -0.15,  0.68 -0.19 -0.90,  0.51 

Ethnicity  0.15 -0.34,  0.65 -0.08 -0.73,  0.58  1.00  0.19,  1.82* 

Weeks completed  0.22  0.05,  0.39*  0.35  0.15,  0.54*** -0.21 -0.56,  0.15 

Previous gambling 
treatment 

-0.03 -0.37,  0.31  0.03 -0.37,  0.42  0.08 -0.63,  0.78 

Baseline G-SAS  0.17 -0.01,  0.35  0.25  0.03,  0.47*  0.00 -0.35,  0.36 

Baseline HAM-A -0.55 -0.88, -0.23*** -0.38 -0.77,  0.01 -1.04 -1.60, -0.48*** 

Baseline HAM-D  0.38  0.05,  0.70*  0.26 -0.13,  0.65  0.59  0.03,  1.15* 

Psychiatric 
comorbidity 

-0.04 -0.39,  0.31 -0.04 -0.45,  0.36  0.35 -0.36,  1.06 

Strategic or non-
strategic gambling 

-0.44 -1.01,  0.13 -0.36 -0.99,  0.26  0.06 -1.35,  1.47 

* p < 0.05, ** p < 0.01, *** p < 0.001 
β refers to standardised regression coefficients 
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3.4 Discussion 

In this analysis, I aimed to identify predictors of placebo and medication response in gambling 

disorder. Importantly, predictors of treatment response differed in those receiving placebo 

compared with those receiving active medication. Decreased baseline symptoms of anxiety, 

increased baseline symptoms of depression, and non-Caucasian ethnicity were associated with 

improved response to placebo, while baseline severity of gambling symptoms and number of 

weeks completed in the trial were predictors of medication response.  

The associations of these variables were robust to choices made during the analysis. When 

including patients with mild severity of gambling symptoms, baseline anxiety and baseline 

severity of symptoms were additional predictors of medication and placebo response, 

respectively. All other predictors remained the same. I expected baseline severity would likely be 

an additional predictor in this case due to artifactual correlation (i.e. those with least severity at 

baseline have the least capacity to improve)57. When percentage change in G-SAS was the 

outcome variable, baseline severity of symptoms was less predictive of treatment response in the 

model with all patients, while remaining a significant predictor of medication response. This might 

have been driven by the loss of association between baseline severity and placebo response (β 

changed from 0.27 in the original model to 0.00 when percentage change in G-SAS was the 

outcome variable). 

3.4.1 Predictors of placebo response 

In those receiving placebo, baseline symptoms of anxiety and depression, and ethnicity were the 

most consistent predictors of treatment response. 

Baseline anxiety symptoms negatively predicted response to placebo. Anxiety and gambling 

disorder frequently co-occur. Furthermore, there is evidence that anxiety disorders precede the 

onset of gambling disorder202, and stress is predictive of relapse201. Therefore, it is possible that 

greater levels of anxiety symptoms at baseline convey a risk of diminished improvement or 

worsening of symptoms over time. Perhaps this is partially ‘remediated’ by medication, which 

could explain why anxiety symptoms were not a predictor of medication response. Another 

intriguing idea is that in these patients, anxiety lessens the placebo effect. Anxiety has been 

shown to decrease placebo effects on pain109,148-150. Furthermore, a recent machine learning study 

in patients with binge eating disorder, which can be thought of as a behavioural addiction similar 

to gambling disorder223, showed that elevated anxiety symptoms mediated reductions in placebo 

response224. It is noteworthy that both gambling disorder and placebo effects have been linked to 

opioidergic and dopaminergic function56,79,174. More research into the neurobiology of placebo 
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and nocebo effects in gambling disorder, and how anxiety symptoms might be associated with 

these, is required. 

Depressive symptoms at baseline positively predicted response in those allocated to placebo. By 

contrast, higher baseline depressive symptoms have been linked with reduced placebo response 

rate in treatment studies for depression43, which makes the current finding perplexing. Gambling 

disorder is associated with depressive symptoms, which are thought to have a role in the 

condition’s pathogenesis225-227. It should be noted that high levels of depressive symptoms and 

the presence of other axis I mental disorders were exclusion criteria in the treatment studies 

pooled for this analysis. Indeed, the average HAM-D score in this sample was 7.11 ± 4.08, 

indicating no or mild depressive symptoms. As a result, it is unclear whether the effect of baseline 

HAM-D score on treatment outcome is due to symptoms of depression, or to an epiphenomenon 

not directly measured. Nonetheless, the consequences of baseline depressive and anxious 

symptoms on treatment outcome in treatment studies for gambling disorder warrants further 

research. 

Non-Caucasian ethnicity was also associated with greater reduction in gambling symptom severity 

in those randomised to placebo. This replicates a prior result that non-Caucasians receiving 

placebo in gambling disorder treatment studies were more likely to be classified as 

“responders”175. The reasons for this remain unknown. It has been suggested that non-Caucasians 

might experience reduced placebo effects because of healthcare disparities228, but I am not aware 

of any empirical evidence supporting this. Interestingly, in a study exploring predictors of 

treatment outcome in a US outpatient problem gambling service, Asian Americans were shown to 

be more likely to benefit than Caucasians, while other ethnicities, such as Native Americans, were 

found to be less likely to benefit229. This suggests that ethnicity might be an important variable to 

consider in treatment studies for gambling disorder, and potentially as a factor in placebo 

response more widely. 

3.4.2 Predictors of medication response 

The most consistent predictors of treatment response in the active medication arms were 

baseline severity and weeks completed in the trial.  

It is plausible that number of weeks completed in the trial represents a dose effect of medication, 

meaning that taking it for longer results in more benefit. But other explanations are also possible. 

Previous studies have demonstrated that symptom improvement with CBT for pathological 

gambling can be associated with ‘treatment satisfaction’221,230. It is conceivable ‘treatment 

satisfaction’ in a medication trial could be represented by the number of weeks a participant 
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continues to take part. Patients could be more likely to withdraw if they are unsatisfied with the 

treatment. Importantly, number of weeks completed was not a predictor of symptom 

improvement in the placebo arms. Indeed, the beta coefficient for this predictor was negative in 

all analyses of the placebo arms. This might imply that longer-duration trials might have a lower 

placebo response rate. However, a previous analysis showed that placebo responders with 

gambling disorder continued significantly longer in treatment trials than non-responders175. This 

analysis used a dichotomous definition of response (more than 35% reduction in G-SAS) that 

possibly obscures some complexity in the data. Further, whether a 35% reduction in G-SAS is an 

appropriate cut-off for defining “response” is unknown175. More research is needed to determine 

whether the duration of a trial affects placebo response rates in gambling disorder. 

I also found a positive association between baseline severity and medication response. In a 

previous systematic review, lower baseline symptom severity was predictive of improved 

outcome in gambling disorder220. However, all the studies included in that review involved 

psychosocial interventions and none involved medication. Instead, it is possible that medication 

response increases with greater baseline severity in gambling disorder. Supporting this, although 

baseline severity was always positively predictive of medication response in the current study, its 

association with placebo response was mixed. Baseline severity was non-significantly positively 

predictive of change in G-SAS in those randomised to placebo, but when the outcome variable 

was percentage change in G-SAS, the regression coefficient was zero. Gambling disorder might 

therefore be comparable to disorders such as depression or acute mania, where the benefit of 

medication over placebo increases with illness severity45,59,62. How best to account for baseline 

severity in the analysis of clinical trials has been the subject of much debate. The emerging 

consensus is that analysis of covariance should be used with the inclusion of baseline severity as a 

covariate231-235. Future research should explore whether including patients with more severe 

symptoms and/or the use of appropriate adjustment for baseline severity improves assay 

sensitivity in clinical trials for gambling disorder. 

3.4.3 Limitations 

There are several limitations to this study. First, the sample size is relatively small for a study of 

this nature. For example, a similar meta-analysis of individual patient data in antipsychotic trials 

of patients with acute mania included 1019 patients45. False positives are thus a possibility, even if 

the sensitivity analyses revealed that the results were robust to choices made during the analysis. 

Second, a disadvantage of pooling data in this way is that the studies chosen need to be relatively 

similar, to prevent bias in the statistical analyses. This can lead to loss of information about the 

effect of study-level variables on placebo response. Third, only the subset of individuals with data 
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for all measures were included in the regression model. I have not carried out an evaluation of the 

effects of missing data on the results. Fourth, the longest trial included in this analysis was 18 

weeks in duration. It is uncertain whether the predictors found here would hold for outcomes 

beyond this timeframe. Fifth, in a linear analysis such as this, it could be questioned whether 

statistically significant predictors are clinically meaningful. In the current sample, the mean 

baseline G-SAS was severe at 31.51 and decreased to 19.28 on average (mild severity). On 

average therefore, there appears to be a clinically meaningful improvement, even though there is 

some debate about the optimum criteria for clinical improvement in gambling disorder206. As a 

result, it may be inferred that the present predictors are associated with clinically meaningful 

reductions in gambling disorder symptoms. Finally, a number of possible variables that might be 

linked to treatment response were either measured inconsistently or not at all in the present 

studies. These include expectations of therapeutic benefit56,65,100, which probably influence both 

medication and placebo response56, and triggers for gambling behaviour, which have been linked 

with placebo response in gambling disorder175. However, these were not measured consistently 

enough in the present studies to be incorporated into the regression model. Certain personality 

traits and being in the action stage of change are also predictors of response to psychological 

treatments for gambling disorder220. Moreover, the predictors of response may vary for different 

medication classes. I was unable to evaluate this in the current study due to the small sample 

sizes of the parent studies. Additional research is required to determine the effects of such 

variables in treatment studies for gambling disorder and whether they interact with the 

predictors found here. 

3.5 Concluding comments 

I conducted a pooled quasi-meta-analysis of medication studies to identify predictors of 

medication and placebo response in gambling disorder. I found that baseline symptoms of anxiety 

and depression, and non-Caucasian ethnicity, were significant predictors of placebo response. 

Predictors of medication response included baseline severity of gambling disorder symptoms and 

number of weeks completed in the trial. Further research is required to understand whether 

controlling for these variables improves signal detection of a medication or placebo effect in 

medical trials for gambling disorder. A similar approach should be considered to identify 

predictors of placebo response in other psychiatric conditions. 

It is noteworthy that symptoms of anxiety and depression were predictors of placebo response in 

this patient group. Biomarkers that correlate with placebo effects on anxiety or depressive 

symptoms might be clinically relevant in psychiatric disorders generally. In the next chapter, I 
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report the results of a systematic review into the neuroimaging markers of placebo response in 

anxiety or depressive disorders. 
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Chapter 4 A Systematic Review of Functional 

Neuroimaging Correlates of Placebo Response in 

Patients with Anxiety or Depressive Disorders 

4.1 Background and Aims 

Depressive and anxiety disorders are the most common psychiatric conditions3. These disorders 

cause severe distress, limit daily function, and lower quality of life. Many patients do not improve 

or experience unwanted side effects with first-line treatments for these disorders. We therefore 

need new treatments, but, drug discovery is potentially hindered by the large placebo effect seen 

in psychotropic trials28,56,236. Despite the placebo effect being large and clinically relevant (see 

Chapter 1), the mechanisms that drive it in depressive and anxiety disorders remain little 

investigated56.  

By contrast, the psychoneurobiological mechanisms of placebo effects on pain have been 

investigated in detail. An interplay between prior expectations and learning cause measurable 

neurobiological changes associated with pain relief. Recent meta-analyses have verified 

biomarkers of placebo analgesia (particularly frontoparietal regions) leading to the hypothesis 

that these biomarkers might differentiate between placebo and drug response101,129,183. However, 

the neuroimaging correlates of placebo antidepressant and anxiolytic effects have not been 

ascertained. Identifying functional neuroimaging biomarkers of these effects might improve our 

understanding of the mechanisms involved.  

I carried out a systematic review aimed at identifying neuroanatomical correlates of, and possible 

neurotransmitter systems important in, placebo antidepressant and anxiolytic effects. I aimed to 

understand current knowledge of potential neuroimaging correlates of these effects and identify 

hypotheses to be tested in future studies. 

4.2 Method 

The review was carried out according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines237. The protocol was registered prospectively on the 

PROSPERO database (CRD42019156911)238. I performed the systematic review and data 

extraction with four other reviewers (see Acknowledgements). All discrepancies were resolved by 

consensus. 
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4.2.1 Search Strategy and Terms 

I systematically searched relevant mental and general health databases including Pubmed, 

PsycInfo, EMBASE and EMBASE classic, OVID Medline, and Web of Knowledge with no date or 

language restrictions. Searching this combination of databases retrieves 95% of the relevant 

literature in approximately 72% of systematic reviews239. To ensure maximum retrieval of relevant 

literature, I also searched the British Library’s EThOS database of theses, and we hand-searched 

the reference lists of review articles found by the search for additional relevant records.  

I included relevant terms to retrieve randomised studies, in which a placebo treatment was an 

intervention, and involving functional neuroimaging of patients with major depressive or anxiety 

disorders. The full search strategy is reproduced in Appendix A.  

4.2.2 Inclusion criteria 

Records were considered eligible if they met the following criteria: 

1. Patients were adults (aged 18-65 years) with unipolar major depression or an anxiety 

disorder as defined in the International Classification of Diseases Problems 11th edition 

(ICD-11) (i.e. not obsessive-compulsive disorder or post-traumatic stress disorder) 

2. The study involved a placebo intervention 

3. Change in depressive or anxiety symptoms were an outcome measure 

4. Patients underwent functional neuroimaging (positron emission tomography [PET], 

single-photon emission computed tomography [SPECT], functional magnetic resonance 

imaging [fMRI], or arterial spin labelling [ASL]) at baseline, as an intervention or as an 

outcome measure.  

5. Imaging data were correlated with 

a. a clinical improvement, measured objectively, following placebo treatment, or 

b. placebo mechanisms such as learning or expectancies 

4.2.3 Record Selection 

At least two reviewers screened all titles and abstracts for potential eligibility against the inclusion 

criteria. The full-text for potentially eligible articles was then obtained. These were again screened 

by at least two reviewers and included in the final review if they met the inclusion criteria detailed 

above. 
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4.2.4 Quality Assessment 

Risk of bias was assessed in line with the updated Cochrane Collaboration’s tool for assessing risk 

of bias in randomised trials (ROB2)240. One reviewer recorded risk of bias for each record using a 

standardised form, and these assessments were independently checked by me. Risk of bias 

resulting from the randomisation protocol, deviations from the intended intervention, missing 

data, outcome measurement, and selective reporting was assessed. An overall assessment of risk 

of bias was also made for each record. 

4.2.5 Data Extraction and Synthesis 

One reviewer extracted data through the use of a piloted, standardized form. All extracted data 

were checked independently by me. Data concerning the patient population (including diagnosis, 

age, and gender), study design, imaging modality, key clinical and imaging results, amount of 

missing data, and authors’ interpretations were extracted. 

I was unable to appropriately pool a sufficient number of studies to carry out a formal meta-

analysis. For Activation Likelihood Estimation (ALE), inclusion of at least 17-20 experiments are 

recommended to achieve adequate statistical power to detect moderately large effects241. 

Further, pooling across studies involving whole-brain, small volume correction and region-of-

interest analyses violates the underlying assumptions of this meta-analytic model242. As I describe 

in the results, the included studies were few in number, and heterogeneous in imaging modality, 

analysis method and in outcome measures.  

I instead undertook a narrative synthesis of the extracted data. I interrogated the data aiming to 

answer the following questions: 

1. Activation or deactivation of which brain regions correlates with a placebo response in 

patients with depression or an anxiety disorder? 

2. Which neurotransmitters or neurobiological systems might be important in placebo response 

in patients with depression or an anxiety disorder? 

4.3 Results 

An initial search was performed on 03/09/2019 and updated on 09/02/2021. In total, the 

searches identified 6,006 records. An additional 1 record was also identified through hand-

searching of reference lists. After de-duplication, 3,286 titles and abstracts were screened for 

possible eligibility. From these, 234 full-text articles were sought. Sixteen articles met inclusion 

criteria and were included in the review (see Figure 4.1)96-98,136,243-254.  
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Figure 4.1 PRISMA flow diagram 
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4.3.1 Study characteristics 

Twelve studies were of patients with depression and utilised the following imaging modalities: 

arterial spin labelling (ASL)246, functional magnetic resonance imaging (fMRI)97,136,243-245,247,251,253,254, 

or positron emission tomography (PET)96,252. Four studies investigated placebo effects in patients 

with social anxiety disorder and utilised PET248-250 and fMRI98. Only two studies were published 

prior to 2012250,252. Half of the studies had samples of fewer than 50 patients, with sample sizes 

ranging from 8 to 279 patients. There was also overlap in patients per record with eight studies of 

patients with depression96,243-247,251,253 and three of patients with social anxiety disorder248-250 

sharing some or all patients. Consequently, n = 503 is the maximum number of patients included 

in this review. The mean age of the patients in each study ranged from 28.8 ± 8.6 years to 49 ± 9.0 

years. Most patients were female (67%) with only two studies reporting a majority of male 

patients98,252. 

4.3.2 Results of Quality Assessment 

The results of the quality assessment are summarised in Figure 4.2 and Figure 4.3. The overall 

rating for the majority of studies (10 of 16, 62.5%) was ‘some concerns’. Mostly this was because 

a preregistered analysis plan was absent, which meant that methods like dichotomising treatment 

groups into ‘responders’ and ‘non-responders’ or using ‘small volume correction’ were potentially 

indicative of selective reporting96-98,136,248-250,252,253. Additionally, there were concerns about 

missing data in three studies96,244,253. We rated two studies as high risk of bias. The first reported 

results from only 200 of 296 patients with no justification247. The second selectively reported 

results regarding the amygdala and not other regions of interest254. These potential sources of 

bias, and other key details of the included studies, are described further below. 
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Figure 4.2 Summary of reviewers’ judgements concerning risk of bias as a percentage of 

included records 
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Figure 4.3 Traffic light plot showing results of risk of bias assessment for each included study. 
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4.3.3 Studies of Depression 

Imaging markers of placebo antidepressant responses were explored in twelve of the included 

studies. The primary aim of these studies varied considerably:  

1. Identifying possible functional neuroanatomical correlates of placebo antidepressant 

responses through a re-analysis of previously reported data252 

2. To identify neural correlates of treatment response, either active medication or 

placebo243-247,251 

3. To explore neural correlates of placebo mechanisms such as expectations96,253,254 

4. To explore neural correlates of acute manipulation of expectations and reinforcement 

learning97,136. 

The important features and results of these studies are summarised in Table 4.1. 
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Table 4.1 Summary of data extracted from papers that explored functional neuroimaging correlates of placebo effects in patients with depression 
  Interventions       

Reference n Experimental Comparator 

Study 
duratio
n 

Symptom 
outcome 
measure 

Imaging 
modality Imaging measure 

Clinical 
results 

Imaging markers of placebo response or 
placebo mechanisms 

Chin Fatt et 
al. (2020)245 

279 Sertraline Placebo 8 weeks HAMD-17 fMRI Pre-treatment 
resting-state 
functional 
connectivity 

32.2% (90/279) 
achieved 
remission (49 
sertraline, 41 
placebo) 

• No within-network moderators 
• Higher connectivity of hippocampus with 

executive control network and lower 
connectivity of thalamus with visual and 
salience networks predicted better outcome 
with placebo 

• Higher connectivity of the hippocampus with 
the visual, dorsal attention, executive control 
networks, and thalamus, the limbic network 
with the salience and somatomotor networks, 
and the executive control network with the 
salience and somatomotor networks 
predicted greater improvement with placebo 
and worse outcome with sertraline. 

Chin Fatt et 
al. (2021a)243 

279 Sertraline Placebo 8 weeks HAMD-17 fMRI Pre-treatment 
resting-state 
functional 
connectivity 

As above • As baseline connectivity between dorsolateral 
PFC and inferior parietal cortex increased, 
superiority of sertraline over placebo 
reduced. This was driven by a relative 
increase in efficacy of placebo. 

• A similar pattern was seen for baseline 
connectivity between subcallosal and 
posterior cingulate cortices. 

Chin Fatt et 
al. (2021b)244 

244 Sertraline Placebo 8 weeks HAMD-17 fMRI Pre-treatment 
resting-state 
functional 
connectivity 
correlates of 
subgroups defined 
through principal 
component analysis 

32% (79/244) 
achieved 
remission (39 
sertraline, 40 
placebo) 

• Subgroups with greater improvement with 
placebo typified by increased connectivity 
within the limbic network, between 
hippocampus and visual network, and 
salience network with dorsal attention 
network 
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  Interventions       

Reference n Experimental Comparator 

Study 
duratio
n 

Symptom 
outcome 
measure 

Imaging 
modality Imaging measure 

Clinical 
results 

Imaging markers of placebo response or 
placebo mechanisms 

Cooper et al. 
(2019)246 

231 Sertraline Placebo 8 weeks HAMD-17 ASL Pre-treatment 
resting-state 
cerebral perfusion 

35% (81/231) 
achieved 
remission:  
37% of patients 
on sertraline vs 
33% of patients 
on placebo 

• Relative perfusion in right posterior insula; 
left midbrain; right hippocampus; right 
inferior frontal; right middle and inferior 
frontal gyri (including the dorsolateral PFC); 
left precentral gyrus; left inferior frontal; left 
middle temporal gyrus; right caudate; left 
cerebellum; right middle, superior, and 
inferior frontal gyri; left middle frontal gyrus 
(and dorsolateral PFC); right middle temporal 
gyrus; left cuneus; left cingulate; left fusiform 
gyrus; and the left inferior frontal gyrus 
moderated response to placebo. 

Fan et al. 
(2020)247 

200 Sertraline Placebo 8 weeks HAMD-17 fMRI Pre-treatment 
resting-state 
connectome 
fingerprints 

No significant 
differences in 
clinical 
outcomes 
between 
groups 

• Greater treatment response independent of 
modality predicted by decreased connectivity 
between executive, sensorimotor and 
salience networks, and increased connectivity 
between default mode network and the rest 
of the brain. 

• No connectome fingerprint specific to 
response to either sertraline or placebo was 
found 

Greenberg et 
al. (2020)251 

222 Sertraline Placebo 8 weeks HAMD-17 fMRI Pre-treatment 
change in ventral 
striatal activity 
during a monetary 
reward task 

Across groups, 
HAMD-17 
scores 
significantly 
improved over 
time. No 
separate 
statistics for 
each group 
presented. 

• Left ventral striatal 'reward index' moderated 
treatment effects.  

• Patients with greater increases in reward 
activity over time appeared more likely to 
benefit from placebo. Patients with lower 
increase in reward expectancy activity over 
time were more likely to benefit from 
sertraline. 



Chapter 4 

57 

  Interventions       

Reference n Experimental Comparator 

Study 
duratio
n 

Symptom 
outcome 
measure 

Imaging 
modality Imaging measure 

Clinical 
results 

Imaging markers of placebo response or 
placebo mechanisms 

Mayberg et al. 
(2002)252 

8 Fluoxetine Placebo 6 weeks HAMD-17 PET Resting-state brain 
metabolism at 
baseline and after 6 
weeks of treatment 

8 of an original 
17 responded 
to treatment (4 
placebo, 4 
fluoxetine) 

• Increases seen in PFC (BA 9/46), premotor 
cortex (BA 6), inferior parietal cortex (BA 40), 
posterior insula, posterior cingulate (BA 
23/31).  

• Decreases seen in sgACC (BA 25), 
hypothalamus, thalamus, supplementary 
sensory area, anterior insula, 
parahippocampus. 

Pecina et al. 
(2015)96 

35 ‘Active’ placebo ‘Inactive’ 
placebo 

2 weeks QIDS-SR16 PET MOR binding 
potential after 
‘active’ vs ‘inactive’ 
placebo treatment 

Symptom 
improvement 
significantly 
greater for 
‘active’ vs 
‘inactive’ 
placebo. 
Remission at 
study end 
significantly 
higher in 
placebo 
responders 

• Placebo administration reduced MOR binding 
potential in nucleus accumbens  

• Degree of placebo-induced opioid release in 
the sgACC, nucleus accumbens, thalamus and 
amygdala explained 43% of the response to 
open-label antidepressant treatment. 

Open-label 
antidepressant 

None 10 
weeks 

Pecina et al. 
(2018)97 

20 Placebo IV 
infusion 

No infusion Single 
session 

Subjective 
expectation of 
mood 
improvement 
and subjective 
mood trial by 
trial 

fMRI Change in BOLD 
signal 

Expectancy 
significantly 
higher during 
placebo 
infusion. Mood 
significantly 
improved 
following 
placebo 
infusion, 
following 
positive sham 
neurofeedback, 
and when 
expectancy was 
higher. 

• Positive sham neurofeedback led to greater 
activity in bilateral ventro- and dorsolateral 
PFC, which was positively correlated with 
improved mood. 

• Increased activity in left ventro- and 
dorsolateral PFC associated with greater 
expectancy when mood was rated higher in 
previous trial. 

• However, activity in bilateral ventro- and 
dorsolateral PFC also negatively moderated 
the effect of higher expectation on 
subsequent mood improvement.  

Positive sham 
neurofeedback 

Negative sham 
neurofeedback 
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  Interventions       

Reference n Experimental Comparator 

Study 
duratio
n 

Symptom 
outcome 
measure 

Imaging 
modality Imaging measure 

Clinical 
results 

Imaging markers of placebo response or 
placebo mechanisms 

Pecina et al. 
(2021)136 

20 Naltrexone 
50mg 

Placebo 7-10 
days 

Subjective 
expectation of 
mood 
improvement 
and subjective 
mood trial by 
trial 

fMRI Change in BOLD 
signal 

Expectancy 
significantly 
higher during 
placebo 
infusion. Mood 
significantly 
improved 
following 
positive sham 
neurofeedback, 
and this was 
greater when 
expectancy was 
higher. 

• Higher activity in right ventro- and 
dorsolateral PFC associated with reduced 
expectancy*reinforcement condition effect 
on expectancy and mood ratings. 

• Naltrexone partially abolished the 
expectancy*reinforcement condition effect 
on expectancy and mood ratings. This was 
associated with reduced responses in right 
OFC during processing of positive 
reinforcement. 

• Participants with greater naltrexone-induced 
modulation of OFC activity during positive 
sham neurofeedback had higher expectancy 
and mood ratings 

Placebo IV 
infusion 

No infusion 

Positive sham 
neurofeedback 

Negative sham 
neurofeedback 

Sikora et al. 
(2016)253 

29 ‘Active’ placebo ‘Inactive’ 
placebo 

2 weeks QIDS-SR16 fMRI Resting-state 
functional 
connectivity after 
‘active’ and 
‘inactive’ placebo 

Symptom 
improvement 
significantly 
greater for 
‘active’ vs 
‘inactive’ 
placebo. 

• Increased ‘baseline’ connectivity of the rACC 
with the salience network was significantly 
associated with greater placebo response. 

• Placebo-induced reduction in rACC with the 
salience network was also associated with 
greater placebo response.  

• ‘Baseline’ resting-state connectivity of the 
salience network was significantly predictive 
of placebo response. 

Open-label 
antidepressant 

None 10 
weeks 
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  Interventions       

Reference n Experimental Comparator 

Study 
duratio
n 

Symptom 
outcome 
measure 

Imaging 
modality Imaging measure 

Clinical 
results 

Imaging markers of placebo response or 
placebo mechanisms 

Zilcha-Mano 
et al. 
(2019)254 

23 High 
expectation 
(100% chance 
of receiving 
citalopram) 

Low expectation 
(50% chance of 
receiving 
citalopram) 

1 week HAMD-24 fMRI Change in BOLD 
signal during a 
masked emotional 
face task at 
baseline and 1 
week after 
randomization to 
high or low 
expectation 

Patients in the 
high 
expectation 
group 
demonstrated 
significantly 
greater 
outcome 
expectation. 

• High expectation group showed a decrease in 
amygdala activation from scan 1 to 2 in the 
sad vs neutral face contrast, whereas low 
expectation group showed an increase.  

• Increases in outcome expectancy significantly 
correlated with reductions in left amygdala 
activity. 

• 63.41% of the effect of outcome expectancy 
on change in HAMD-24 was mediated by 
changes in amygdala activity. 

Citalopram Placebo 8 weeks 

Abbreviations: HAMD, Hamilton rating scale for depression; QIDS-SR, Quick inventory of depressive symptomatology (self-report); ASL, Arterial spin labelling; fMRI, functional 
magnetic resonance imaging; PET, positron emission tomography; BOLD, blood-oxygen-level-dependent imaging; BA, Brodmann area; PFC, prefrontal cortex; sgACC, subgenual 
anterior cingulate cortex; MOR, mu-opioid receptor; OFC, orbitofrontal cortex; rACC, rostral anterior cingulate cortex. 
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4.3.3.1 Re-analysis of previously published trial data 

Mayberg and colleagues conducted the first study to be published that reported imaging 

correlates of a placebo antidepressant response252. In this 6-week randomised trial of fluoxetine 

versus placebo, 8 of 15 depressed patients showed a treatment response, which was defined as a 

reduction of >50% on the 17-item Hamilton Depression Rating Scale (HAMD-17). Four of these 

patients were treated with placebo and 4 were treated with fluoxetine. The patients underwent 

PET imaging at baseline, one week and six weeks after treatment initiation. At each of these 

timepoints, changes in regional cerebral glucose metabolism were computed for the placebo 

responder and drug responder groups separately. Placebo response was associated with 

significant regional changes in metabolism (beta-2(1972) = 3.97, p < 0.0001). Metabolism increased 

in dorsolateral prefrontal cortex, premotor cortex, inferior parietal cortex, posterior insula, and 

posterior cingulate cortex. Metabolism decreased in subgenual anterior cingulate cortex, 

hypothalamus, thalamus, secondary somatosensory cortex, posterior insula and 

parahippocampus. Fluoxetine responders exhibited the same changes in metabolism, and some 

additional changes (decreased metabolism in caudate, putamen, hippocampus, and anterior 

insula). No activity was unique to placebo responders. It was not possible to make any inferences 

about the neurotransmitter systems that might be important in placebo antidepressant effects 

from this study. 

4.3.3.2 Studies aiming to identify markers of treatment response 

Six included papers were published from the Establishing Moderators and Biosignatures of 

Antidepressant Response in Clinical Care (EMBARC) trial243-247,251. The purpose of this trial was to 

find neural predictors or correlates of treatment response. Patients with major depressive 

disorder (n = 296) were scanned with MRI using sequences including ASL and fMRI at rest, and 

fMRI during a monetary reward task, before randomisation to either sertraline or placebo 

treatment. For the following eight weeks, the HAMD-17 was used to monitor treatment response.  

Of the original 296 patients, 231 patients completed the baseline ASL scan, had good quality data, 

and attended at least 1 follow-up visit. Of these, 37% of the sertraline-treated patients and 33% of 

placebo-treated patients achieved remission (HAMD-17 < 7). Through a whole-brain, voxel-wise, 

linear mixed-effects model of the ASL and clinical data, thirty clusters of >100 voxels showed a 

significant treatment*time*relative cerebral perfusion interaction. Perfusion in regions including 

right putamen and insula, left inferior temporal gyrus, right orbital frontal gyrus, and left 

parahippocampal gyrus moderated response to sertraline. Conversely, moderators of placebo 

response included regions involved in cognitive control and the default mode networks, for 
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example right posterior insula, left midbrain, right hippocampus, right orbital frontal cortex, and 

right dorsolateral prefrontal cortex246.  

Analyses of the baseline resting-state fMRI data have been published in four papers243-245,247. In an 

exploration of pre-treatment resting-state data in 200 of the EMBARC patients, there was 

evidence that decreased connectivity between the executive, sensorimotor and salience 

networks, and increased connectivity between default mode network and the rest of the brain 

predicted greater response to treatment independent of modality. However, no ‘connectome 

fingerprints’ specific to placebo response were found247. In a larger sample of 244 of the EMBARC 

patients, subgroups of patients were identified through principal component analysis. Functional 

connectivity correlates of these groups were explored. In this sample, 39 sertraline-treated 

patients and 40 placebo-treated patients achieved remission. In subgroups who experienced 

greater improvement with placebo, there was increased connectivity within the limbic network, 

between hippocampus and visual network, and between salience network and dorsal attention 

network244. Finally, two analyses were carried out in a sample of 279 EMBARC patients, in whom 

32.2% achieved remission (49 on sertraline and 41 on placebo). The first involved an exploratory 

analysis of baseline resting-state functional connectivity in seven networks and additional 

midbrain regions including hippocampus, striatum, thalamus and the amygdala. Higher 

connectivity of the hippocampus with the thalamus and the visual, dorsal attention, and executive 

control networks, and the limbic and the executive control networks with the salience and 

somatomotor networks, predicted better results with placebo and worse outcomes with 

sertraline245. In the second analysis, hypothesised seeds of interest (5mm spheres) were created 

and included dorsolateral prefrontal cortex, ventral striatum, amygdala and subcallosal cingulate 

cortex. A moderation analysis included a term for connectivity between these seeds and other 

regions of interest believed to be part of the same functional network. As baseline connectivity 

between dorsolateral prefrontal cortex and inferior parietal cortex increased, the relative efficacy 

of placebo increased compared with sertraline (p = 0.05). Baseline connectivity between the 

subcallosal and posterior cingulate cortices also showed a similar pattern (p = 0.07)243. 

Lastly, 222 of the EMBARC trial participants completed a monetary reward task at baseline251. The 

purpose of this task was to identify whether temporal changes in reward expectancy- and 

prediction error-related activity within the ventral striatum predicted or moderated response to 

sertraline or placebo. The authors created a ‘reward index’, calculated from the sum of the 

change in reward expectancy- and prediction error-related activity in the ventral striatum from 

the first half to the second half of the task. Treatment effects were significantly moderated by left 

ventral striatal reward index (F(1,193) = 12.93, p = 0.0004). The threshold at which patients were 

more likely to benefit with sertraline was calculated from a Z-transformed distribution of each 
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patient’s reward index. When left ventral striatal reward index was less than Z = -0.21, patients 

were more likely benefit from sertraline compared with placebo (raw HAMD-17 difference of ≥ 3, 

t(193) = 2.38, p = 0.02, d = 0.32, CI95% [0.06, 0.58]). The threshold at which patients were expected to 

benefit more greatly from placebo was not directly tested. However, based on results reported in 

the paper, placebo showed an advantage of approximately 0 to 4 points on the HAMD-17 over 

sertraline when reward index Z > 2 (i.e. a large increase in reward processing over time during the 

task)251. Dopamine is a major neurotransmitter in the ventral striatum, which suggests that 

dopamine may have a role in the antidepressant effects of placebo. 

4.3.3.3 Studies exploring neural correlates of placebo mechanisms 

Three of the included studies involved exploration of imaging markers of placebo mechanisms in 

patients with depression. First, Zilcha-Mano and colleagues254 investigated the neural correlates 

of expectancy augmentation in an antidepressant trial using a variation of the ‘open-hidden’ 

paradigm. Twenty-three patients with depression underwent fMRI scanning while viewing 

masked emotional faces with neutral, fearful, sad, or happy expressions. The patients were then 

randomly assigned to either an open-label group with a 100% chance of receiving citalopram (n = 

9) or a placebo-controlled group with a 50% chance of receiving either citalopram or placebo (n = 

14). One week later, after being informed of their group assignment but before starting 

treatment, patients underwent a second fMRI scan while completing the same emotional face 

task. The patients then completed an 8-week clinical trial of citalopram versus placebo in which 

HAMD-24 was measured weekly. Compared with the placebo-controlled group, patients in the 

open-label group showed significantly improved expectations post-randomisation and a 

significant reduction in activity in the amygdala, bilateral dorsolateral prefrontal cortex and 

superior temporal gyrus when viewing sad compared with neutral faces. The amygdala was then 

chosen as a region of interest for further analysis, and a correlation was found between 

decreased left amygdala activity and increased expectancy score post-randomisation (r = -0.74, p 

= 0.006). Further, patients with higher expectancy scores showed more rapid reduction in HAMD-

24 scores and this was mediated by greater reductions in amygdala activity post-randomisation (B 

= -0.09, p = 0.007). This finding remained present when repeating the analyses with only those 

who received active medication included. However, we had concerns about potential bias due to 

selective reporting in this study. The amygdala showed a significant difference in activity in the 

sad vs. neutral faces contrast only, whereas other regions demonstrated significant differences in 

activity in other relevant contrasts. The amygdala is then chosen as a region of interest for further 

analysis with little justification, and no further analyses regarding the other regions are 

reported254. Possible neurotransmitters involved in expectancy augmentation of antidepressant 

response could not be inferred from these data.  
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Peciña, Sikora and colleagues explored imaging markers of placebo mechanisms through a 

randomised crossover design comparing an ‘active’ and ‘inactive’ placebo antidepressant96,253. In 

brief, patients were given oral placebo for 1 week with instructions that it was an antidepressant 

(’active’) followed by a 3-day washout and then 1 week of treatment with ‘inactive’ placebo, with 

disclosure that this was an inert control. After each condition, participants underwent 

neuroimaging. Once the patients had been imaged twice, they underwent a 10-week open-label 

trial with a licensed antidepressant.  

In the former 2015 study, the relationship between placebo response and endogenous opioid 

release was explored through PET imaging with [11C]carfentanil (a µ-opioid receptor-selective 

radiotracer) in 35 patients. After the “active” placebo treatment round the PET session included 

an additional intravenous infusion of 0.9% isotonic saline with instructions this was a ‘rapid-acting 

antidepressant’ as an acute placebo challenge. Placebo infusion during the PET scan decreased µ-

opioid receptor binding potential in the nucleus accumbens (estimate = -0.43, Z = 4.72, p < 0.001). 

In addition, the degree of placebo-induced opioid release in the subgenual anterior cingulate 

cortex, nucleus accumbens, thalamus, and amygdala was related to both the decrease in 

depressive symptoms after 1 week of “active” placebo (estimates ≤ -0.38, Z’s > 3.80, p’s < 0.001) 

and with response to the open-label antidepressant at 10 weeks (estimates ≤ -0.60, Z’s > 3.98, p’s 

< 0.001). In the latter 2016 study, 29 of the 35 patients underwent a resting-state fMRI scan after 

each week of ‘active’ and ‘inactive’ oral placebo treatment. Compared with the ‘inactive’ placebo, 

there was a statistically significant reduction in depressive symptoms after ‘active’ placebo 

treatment (F = 7.2, p = 0.012). Increased baseline resting functional connectivity (Z = 4.35, adjust 

R2 = 0.65, p < 0.005) and reduction in functional connectivity (Z = 3.97, p < 0.05) of the rostral 

anterior cingulate cortex within the salience network were significantly associated with placebo 

response. Finally, baseline resting state functional connectivity of the salience network as a whole 

was significantly predictive of placebo response (r = 0.41, p = 0.018), but not of response to 

antidepressant treatment253.  

We identified some potential sources of bias in this study. First, the ‘baseline’ scan was carried 

out after one week of ‘inactive’ placebo. However, this does not represent a true baseline, as the 

patients have experienced one week of an intervention, and some received ‘active’ placebo two 

weeks prior. It is known that placebo analgesia is reduced if participants have experienced a 

previously ineffective analgesic treatment113. Some of these patients will have experienced 

‘active’ placebo first, and some ‘inactive’, and so such carryover effects could potentially 

confound any imaging results. Second, there is a discrepancy in the sample sizes of these papers 

(29 vs 35) with no explanation for the difference. Further, it was reported in the 2015 study that 

10 of the 35 (29%) patients withdrew during the open-label antidepressant trial and no 
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compensatory intention-to-treat analysis was performed. It is unknown from the published data 

whether these patients were placebo responders96.  

4.3.3.4 Studies exploring neural correlates of acute manipulation of expectations and 

reinforcement 

Two studies, both by Peciña and colleagues97,136, explored the neural correlates of acute 

manipulation of antidepressant expectancies using a ‘simulated neurofeedback task’ in patients 

with depression. In brief, this task comprised six runs of 12 trials each, where each trial started 

with a timer cue representing an anticipation phase before either receiving or not receiving a 

‘rapid-acting antidepressant’ (infusion/no infusion). In actuality, normal saline was administered 

in all ‘infusion’ trials. After the infusion cue, participants were shown sham neurofeedback with 

varying valence (either positive or negative). The purpose of this was to either negatively or 

positively reinforce the patients’ expectations of benefit on a trial-by-trial basis. Patients rated 

their anticipated and actual mood improvements following the anticipation and simulated 

neurofeedback periods, respectively. 

In the first of these studies, carried out in 20 patients, there was greater mood improvement 

during the infusion cue (b = 0.12, p < 0.05) and following the display of positive sham 

neurofeedback (b = 0.32, p < 0.001), and higher expectation of benefit predicted improved mood 

(b = 0.22, p < 0.001). Positive sham neurofeedback was associated with increased activity in 

bilateral ventro- and dorsolateral prefrontal cortices. Activity in these regions was positively 

correlated with improved mood (b = 0.2, p < 0.001). Greater expectancy was also associated with 

increased activity in the left ventro- and dorsolateral prefrontal cortices when mood improved in 

the preceding trial (b = 0.05, p < 0.05). However, the effect of increased expectancy on 

subsequent mood improvement was negatively moderated by activity in bilateral ventro- and 

dorsolateral prefrontal cortices (b = -0.07, p < 0.05). Finally, plasma β-endorphin concentration 

was also measured before and after the task in this study. Larger increases in plasma β-endorphin 

following the task were associated with both greater improvements in subjective mood in 

response to positive neurofeedback (estimate = 0.002, p < 0.001) and significantly increased 

expectancy ratings (estimate = 0.0007, p = 0.02)97.  

In a subsequent double-blind crossover study, 20 patients with depression carried out the same 

neurofeedback task twice: once following administration of naltrexone 50mg and once following 

matched placebo. As above, the task showed a behavioural effect of the placebo in that 

expectancy was increased during the ‘antidepressant’ infusion condition, and expectancy and 

mood were also increased following the positive sham neurofeedback. Interestingly, in this study 

higher activity in the right ventro- and dorsolateral prefrontal cortex was again associated with a 
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reduced placebo*neurofeedback condition interaction effect on expectancy and mood ratings. 

The placebo*neurofeedback condition effect on expectancy (b = -1.00, p < 0.001) and mood 

ratings (b = -0.93, p = 0.003) was also reduced by naltrexone. Naltrexone administration was 

further associated with reduced right orbitofrontal cortex activity during positive sham 

neurofeedback (max t = 5.64, cluster size = 334 voxels, p < 0.001). However, no significant 

differences in activity were seen during the expectancy manipulation. Greater naltrexone-induced 

reductions in orbitofrontal cortex activity during positive sham neurofeedback correlated with 

higher expectancy during the ‘antidepressant’ condition (b = 0.40, p < 0.01)136. 

Overall, these results suggest that the lateral prefrontal cortex, central orbitofrontal cortex, and 

the endogenous opioid system might be important in expectancy-related placebo antidepressant 

effects. 

4.3.4 Social Anxiety Disorder 

Four studies involving patients with social anxiety disorder met inclusion criteria. Three studies 

were re-analyses of clinical trials in which the primary aim was not to investigate the placebo 

response248-250, while in the fourth study the primary aim was to examine the effects of 

expectations on SSRI treatment for social anxiety disorder98. The important features and results of 

these studies are summarised in Table 4.2. 

The first published study exploring neuroimaging correlates of placebo response in patients with 

social anxiety disorder was a pooled re-analysis of the placebo arms of two randomised-controlled 

trials250. Twenty-five patients completed a public speaking task while undergoing PET imaging 

before and after 8 weeks of placebo treatment. The authors also obtained the patients’ genotypes 

for the serotonin transporter-linked polymorphic region (5-HTTLPR) and the tryptophan 

hydroxylase-2 (TPH2) gene promoter. Ten of the 25 patients (40%) were classified as placebo 

responders based on improvement in clinical global impression scale. During the public speaking 

task, regional cerebral blood flow in the left amygdala reduced significantly more in placebo 

responders than in non-responders (Z = 2.64, p = 0.048). There was an additional effect of 

genotype. Only long allele of 5-HTTLPR and/or the G allele of the G-703T polymorphism in TPH2 

homozygotes demonstrated a placebo response. Results from a mediation analysis indicated that 

the effect of the TPH2 polymorphism on placebo response was mediated by reduction in 

amygdala activity (p = 0.029)250. These findings suggest that the amygdala and serotonin might be 

important in placebo anxiolytic responses. However, this was a small sample size for this kind of 

statistical analysis, so there is a risk of false positives. 
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Table 4.2 Summary of data extracted from papers that explored functional neuroimaging correlates of placebo effects in patients with social anxiety disorder 
  Interventions       

Reference n Experimental Comparator 
Study 
duration 

Treatment 
response 
definition 

Imaging 
modality Imaging measure Clinical results 

Imaging markers of placebo response or 
placebo mechanisms 

Faria et al. 
(2012)249 

72 Citalopram or 
paroxetine 

Placebo 6-8 weeks CGI-I = 1 or 2 PET rCBF during a public 
speaking task at 
baseline and study end 

57% of SSRI 
group responded 
vs 30% of 
placebo group 

• Both SSRI and placebo responders showed 
reductions in right ventrolateral amygdala 
and left basomedial/basolateral amygdala. 
The rCBF change correlated with clinical 
measures of anxiety. 

• Placebo responders additionally showed 
increased rCBF in right brainstem/pons 
compared with placebo non-responders. 

Faria et al. 
(2014)248 

72 Citalopram or 
paroxetine 

Placebo 6-8 weeks CGI-I = 1 or 2 PET Functional connectivity 
during a public 
speaking task at 
baseline and study end 

57% of SSRI 
group responded 
vs 30% of 
placebo group 

• Placebo responders showed greater negative 
correlation between left amygdala and left 
dorsolateral PFC vs placebo non-responders. 

• Placebo responders showed greater negative 
correlation between left amygdala and right 
ventromedial and dorsolateral PFC, and 
greater positive correlation between left 
amygdala and right dorsomedial PFC vs SSRI 
responders. 

Faria et al. 
(2017)98 

46 ‘Overt’ 
escitalopram 

‘Covert’ 
escitalopram 

9 weeks LSAS-SR < 39 fMRI BOLD signal change and 
functional connectivity 
during emotional face 
matching task 

‘Overt’ treatment 
significantly 
superior (d=2.24 
vs d=1.13) 

• Increased reactivity to emotional faces in 
overt vs covert in bilateral posterior 
cingulate, left mid temporal gyrus, left 
inferior frontal gyrus.  

• Covert group showed increased connectivity 
between amygdala and right posterior 
cingulate and right insula when viewing 
emotional faces compared with overt group. 
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  Interventions       

Reference n Experimental Comparator 
Study 
duration 

Treatment 
response 
definition 

Imaging 
modality Imaging measure Clinical results 

Imaging markers of placebo response or 
placebo mechanisms 

Furmark et 
al. (2008)250 

25 Placebo None 8 weeks CGI-I = 1 or 2 PET rCBF during a public 
speaking task at 
baseline and study end. 
Changes in rCBF 
associated with 
genotype. 

10 (40%) 
responded to 
placebo 

• rCBF significantly reduced in left amygdala in 
placebo responders vs nonresponders.  

• Patients homozygous for the long allele of 5-
HTTLPR and/or the G allele of the G-703T 
polymorphism in TPH2 exhibited a 
significantly greater reduction in amygdala 
activity vs heterozygotes.  

• Mediation analysis showed that the change in 
rCBF in the amygdala mediated the effect of 
G-703T polymorphism on CGI-I score. 

Abbreviations: CGI-I, Clinical Global Impression-Improvement scale; LSAS-SR, Liebowitz Social Anxiety Scale; PET, positron emission tomography; fMRI, functional magnetic 
resonance imaging; rCBF, regional cerebral blood flow; BOLD, blood-oxygen-level-dependent imaging; SSRI, selective serotonin reuptake inhibitor; PFC, prefrontal cortex; 5-HTTLPR, 
serotonin transporter-linked polymorphic region; TPH2, tryptophan hydroxylase-2. 
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In two subsequent publications, involving identical samples, Faria and colleagues aimed to 

determine the roles of different amygdala subregions in placebo anxiolysis248,249. The sample for 

these studies included the twenty-five patients in the study above250, and included further 

patients randomised to the placebo arms of trials of citalopram or paroxetine, yielding a total of 

72 patients with social anxiety disorder. Again, patients carried out a public speaking task while 

undergoing PET imaging before and after 8 weeks of treatment. Twenty out of 35 patients were 

classified as SSRI responders (57%), and eleven out of 37 patients responded to placebo (30%)249. 

All treatment responders, whether they received SSRI or placebo, showed reduced cerebral blood 

flow in the left basomedial/basolateral (Z = 2.49, p < 0.005) and right ventrolateral amygdala (Z = 

2.95, p < 0.05) during the second PET scan. The change in blood flow in these regions correlated 

significantly with reduced anxiety (r’s > 0.3, p’s < 0.005). There were no differences in regional 

cerebral blood flow between SSRI and placebo responders249. When the functional connectivity 

patterns of these patients were analysed, there was evidence that the correlation between left 

basomedial/basolateral amygdala activity and left dorsolateral prefrontal cortex was more 

negative in placebo responders than in non-responders (Z = 3.42, p < 0.001). Further, compared 

with SSRI responders, placebo responders showed more negative correlation between left 

amygdala and right ventromedial and dorsolateral prefrontal cortices, and more positive 

correlation with dorsomedial prefrontal cortex (Z’s > 3.00, p’s = 0.001)248. Inferences regarding the 

potential neurotransmitters involved cannot be made from these data. 

Finally, whether expectations enhance the effects of antidepressant treatment was explored in 46 

patients with social anxiety disorder98. All were treated with escitalopram 20 mg daily for 9 weeks 

(10 mg daily for the first week) but were randomised with respect to the instructions they 

received. Prior to treatment, 24 patients were informed that they would receive escitalopram 

while 22 patients were told they would receive an ‘active placebo’, likely to induce side-effects 

similar to escitalopram but with no expected symptom improvement. Before and after treatment, 

these patients underwent fMRI scanning while completing an emotional face-matching task. 

Outcomes on the Liebowitz social anxiety scale (LSAS) were significantly improved with overt 

compared with covert escitalopram (d = 2.24 and d = 1.13, respectively). The fMRI results 

demonstrated that overt treatment was associated with increased reactivity to emotional faces in 

bilateral posterior cingulate cortex, left mid temporal gyrus and left inferior frontal gyrus 

compared with covert treatment (Z’s > 3.60, p’s ≤ 0.0001). A psychophysiological interaction (PPI) 

analysis demonstrated that the covert arm exhibited increased connectivity relative to the overt 

arm between the amygdala and right dorsal posterior cingulate cortex, and right insula, when 

viewing faces compared with shapes (Z’s ≥ 2.85, p’s ≤ 0.002). This was interpreted by the authors 

as evidence that the covert group processed fear more intensely. However, there was no 
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statistically significant difference in amygdala reactivity between groups, a key node in fear 

processing, when viewing emotional faces98. Inferences cannot be made about the 

neurotransmitters that might be involved from these data. 

4.4 Discussion 

This systematic review of the literature yielded 16 articles, of which 12 reported functional 

neuroimaging markers of placebo antidepressant responses and 4 reported markers of placebo 

anxiolytic responses. To my knowledge, this is the first systematic review summarising this 

literature. There was great heterogeneity between studies regarding sample size, imaging 

modality, whether patients were imaged at rest or during a task, whether imaging occurred at 

baseline or longitudinally, and whether the aim of the trial was to explore markers of treatment 

response or placebo mechanisms. Also coordinates of peak activity were not consistently 

reported, and so the reviewing team relied on authors’ naming of brain regions, which could have 

added further inter-study variation. As a result, it is challenging to coherently synthesise the data 

to find pertinent patterns. Despite this, some signals in these data point to possible important 

functional neuroanatomical correlates of, and important neurotransmitter systems in, placebo 

antidepressant and anxiolytic effects. 

4.4.1 Functional neuroanatomical correlates of placebo antidepressant and anxiolytic 

effects 

A wide range of functional neuroanatomical regions were identified in the included studies. This is 

exemplified by two studies, in which exploratory analyses were undertaken with no a priori 

regions of interest246,252. They showed that cerebral blood flow in a wide range of regions at 

baseline246 and after 6 weeks of placebo treatment252 correlated with placebo response (see Table 

4.1). Due to the lack of longitudinal imaging or manipulation of psychological mechanisms 

important in placebo effects, such as learning or expectations, it is not easy to infer from these 

data which regions might have greater causal importance. Nevertheless, the results from other 

included studies suggest that some regions might be important in mediating placebo 

antidepressant and anxiolytic effects. I discuss each of these regions in turn below. 

4.4.1.1 Ventral striatum 

As part of the EMBARC trial, reward processing in the ventral striatum at baseline was 

hypothesised a priori to predict treatment response to an antidepressant251. Reduced reward 

processing activity at baseline suggested patients were more likely to benefit from sertraline. 

Interestingly, increased activity suggested no advantage of medication, and a trend towards 
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superiority of placebo251. Significant superiority for placebo would likely be difficult to 

demonstrate in such a comparison as placebo effects operate in the medication arm as well56,57. 

Despite this, these results suggest that the ventral striatum might be an important 

neuroanatomical region in placebo antidepressant effects. This is supported by the finding that 

‘active’ placebo treatment is associated with increased opioid release in the nucleus accumbens 

compared with an ‘inactive’ placebo96. The ventral striatum is reliably activated by placebo 

analgesia129, suggesting that reward circuitry might be important in mediating placebo effects 

across domains. 

4.4.1.2 Dorsolateral prefrontal cortex 

Activity in dorsolateral prefrontal cortex was correlated with placebo response in many studies 

included in this review97,136,243,245-248,252. This region is reliably activated by placebo analgesia and is 

thought to play a role in generating placebo-related expectations/expectancies101,129. From the 

data in the current review, there was evidence that activity increased in the dorsolateral 

prefrontal cortex in placebo antidepressant responders after 6 weeks252, and that baseline blood 

flow in this region moderated subsequent placebo response in an antidepressant trial246. In 

placebo responders with social anxiety disorder, there was decreased correlation between 

bilateral amygdala and dorsolateral prefrontal cortices during a public speaking task compared 

with SSRI responders248. In an analysis of the EMBARC trial data, as baseline resting-state 

connectivity between dorsolateral prefrontal and inferior parietal cortex increased, the relative 

efficacy of placebo also increased243. However, these results are all correlational and so causality 

cannot be inferred. Evidence for a causal role of dorsolateral prefrontal cortex activity in placebo 

antidepressant effects comes from the studies by Peciña et al., in which expectation of mood 

improvement led to greater activity in dorsolateral/ventrolateral prefrontal cortex97,136. However, 

activity in these regions also negatively moderated the effect of higher expectation and positive 

reinforcement on subsequent mood improvement97,136. This was interpreted by the authors as 

possibly reflecting a trade-off between expectation and mood experience97. It is also possible this 

finding was due to a ‘ceiling’ effect, as the lateral prefrontal cortex was only activated when mood 

had already improved97. In addition, a recent meta-analysis found that placebo analgesia-induced 

activation of the dorsolateral prefrontal cortex varies greatly between studies183, further making 

its role in placebo effects difficult to interpret. The role the dorsolateral prefrontal cortex might 

play in placebo antidepressant or anxiolytic effects remains unclear. 

4.4.1.3 Rostral anterior cingulate cortex and the default mode network 

Activity in the rostral anterior cingulate cortex (rACC) was identified by only one study included in 

this review253, however, this is a potentially important finding. Placebo analgesia consistently 
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activates the rACC129. In healthy volunteers, activity in this region correlated positively with 

placebo-induced reductions in “unpleasantness” when viewing aversive pictures155, and a placebo 

anxiolytic increased activity in this region159. The rACC is a region within the default mode 

network255. The default mode network, and the rACC in particular, is hypothesised to be central in 

generating placebo effects76. Indeed, placebo response was correlated with increased activity in 

regions within the default mode network in a number of studies in this review98,246,252.  

It is thought that the default mode network is intrinsically anticorrelated with networks activated 

by performance of a task, such as the salience network255,256. This raises the question of whether 

reductions in activity in ‘task-positive’ networks play a role in placebo antidepressant or anxiolytic 

effects. Sikora and colleagues253 found that resting-state functional connectivity between the 

rACC and salience network, and the degree of reduction in connectivity between the two 

following placebo treatment, was associated with placebo response. However, negative 

treatment experiences can reduce subsequent placebo effects113-115, meaning these findings are 

confounded by the fact that half the patients in this trial experienced an ‘inactive’ placebo prior to 

‘active’. In a study in healthy volunteers, a placebo anxiolytic increased task-evoked connectivity 

between the rACC and salience network, and this was generalizable to the entire default mode 

network, i.e. the placebo reduced anticorrelation between the default mode network and the 

salience network159. Both anxiety and major depressive disorders have been linked to abnormal 

functional connectivity within the salience network, and between this network and others257,258. 

However, there is little evidence for the salience network playing a role in mediating placebo 

effects. Placebo analgesic treatment usually reduces activity in regions considered part of the 

salience network, particularly the dorsal anterior cingulate cortex and anterior insula129. 

Therefore, it could be hypothesised from the data in this review that an interaction between the 

default mode network and other ‘task-positive’ networks that mediate psychopathological 

mechanisms, such as the salience network, could be important in generating a placebo 

antidepressant or anxiolytic effect. Further research is needed to explore this hypothesis. 

4.4.1.4 Orbitofrontal cortex 

Orbitofrontal cortex activity was identified by a single study included in this review136. Placebo 

effects on disgust, unpleasantness, and placebo analgesia correlate with orbitofrontal cortex 

activity76,101,154,155. This region is also densely populated with µ-opioid receptors259. It is thought 

that the orbitofrontal cortex is important in judging value and encoding expectations regarding 

future events101,259. In line with this, when µ-opioid receptors were blocked by naltrexone 50mg, 

the expectancy effects of a placebo antidepressant and the reinforcement effects of positive 
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sham neurofeedback on subjective mood were reduced, and this was associated with reduced 

right central orbitofrontal cortex activity136.  

4.4.1.5 Amygdala 

Activity in the amygdala was a correlate of placebo anxiolytic and antidepressant effects in a 

number of studies96,98,248-250,254. Three of these studies involved patients with social anxiety 

disorder, and change in amygdala activity was measured following 6-8 weeks of placebo 

administration248-250. The sample included in these studies overlapped, so the reduction in 

amygdala activity discussed in these papers could be considered one finding. In the fourth study 

of placebo anxiolysis that involved manipulation of expectation, there was no evidence of a 

significant difference in amygdala activity between ‘overt’ and ‘covert’ SSRI administration98. 

Indeed, change in amygdala activity in this study correlated with improvement in social anxiety 

symptoms, rather than with expectations98. It is therefore unclear whether changes in amygdala 

activity result from placebo mechanisms or represent a non-specific phenomenon. It is possible 

that any role the amygdala played in placebo mechanisms in that study was confounded by the 

fact all patients were given an SSRI, which could in itself have affected amygdala activity. In the 

two studies involving patients with depression, functional neuroimaging was carried out prior to 

administration of any active medication, removing this potential confound96,254. Both of these 

studies showed, although by slightly different means, that increased expectation of benefit 

correlated with either reduced activity or increased opioid binding in the amygdala, and that 

these effects correlated with subsequent response to antidepressants96,254. However, both of 

these studies were judged to be moderate risk of bias due to a large number of patients 

withdrawing which could have affected the results96, and due to possible selective reporting of 

outcomes254.  

Placebo and expectancy-induced reductions in bilateral amygdala activity have been found during 

placebo analgesia129 and in association with reduced feelings of “unpleasantness” when viewing 

aversive pictures155. In the latter study, this did not correlate with placebo response155. Further, 

the large EMBARC trial did not find a relationship between blood flow in the amygdala and 

placebo response246. Subgroups responsive to placebo in this trial did demonstrate increased 

resting connectivity within the limbic network (including bilateral amygdala) at baseline244, and 

increased baseline connectivity between the limbic network and the salience and somatomotor 

networks predicted greater improvement with placebo and worse outcome with sertraline245. 

However, when looking at predictors of placebo response alone and not predictors of worse 

outcomes with sertraline there was no evidence of amygdala involvement245. It is possible instead 
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that reductions in amygdala activity represent a phenomenon non-specific to placebo, perhaps 

relating instead to treatment response or changes in affect. This needs further exploration. 

4.4.1.6 Summary 

In sum, from these data it appears that activity in the ventral striatum, rostral anterior cingulate 

cortex (and possibly other default mode network regions), orbitofrontal cortex and dorsolateral 

prefrontal cortex (and possibly other executive control and dorsal attention regions) correlates 

with placebo antidepressant effects. These regions’ role in causing these effects is uncertain and 

needs further investigation. Studies of placebo anxiolysis focused on the amygdala. Reduced 

activity in this region correlated with symptom improvement, however, in the one study in which 

placebo mechanisms were specifically explored, there was no significant change in this region 

when comparing high and low expectancy. Instead, regions of the default mode network, such as 

posterior cingulate, appeared important. Whether change in amygdala activity reflects a specific 

or non-specific placebo mechanism in emotional processing needs further exploration. 

4.4.2 Possible neurotransmitter systems involved in placebo antidepressant and anxiolytic 

effects 

In the current review, there was direct evidence only for a role of the endogenous opioid system 

in placebo antidepressant effects. There was also some indirect evidence suggesting that 

dopamine and serotonin might be important in placebo antidepressant and placebo anxiolytic 

effects. Each of these neurotransmitter systems is discussed in turn below. 

4.4.2.1 Endogenous opioids 

The studies by Peciña and colleagues96,136 suggest that the endogenous opioid system plays an 

important role in mediating placebo antidepressant effects. These studies showed that a placebo 

antidepressant caused opioid release, measured as a reduction in µ-opioid receptor binding 

potential, in the nucleus accumbens96. The administration of naltrexone, a µ-opioid antagonist 

also reduced the effects of expectancy and learning on antidepressant placebo effects136. There 

was also additional indirect evidence supporting a role for the endogenous opioid system in 

placebo antidepressant effects. For example, increased expectation of benefit and higher mood 

ratings from a placebo rapid acting antidepressant were associated with greater increases in 

plasma β-endorphin levels97. Further, connectivity of the rACC at rest, a key node in the 

endogenous opioid system130,168, correlated with antidepressant response to an ‘active’ 

placebo253. The endogenous opioid system is important in placebo analgesia79,130. Although the 

present data are limited, they suggest the endogenous opioid system might be important in 
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placebo effects in multiple domains, including those involving emotions. This is supported by 

studies of placebo anxiolysis in healthy volunteers, which show overlap with regions important in 

placebo analgesia, particularly the rACC155,159.  

4.4.2.2 Dopamine 

There was further indirect evidence for a role of dopamine in placebo antidepressant effects in 

this review. Activity in the ventral striatum was identified as a correlate of placebo antidepressant 

effects in two studies96,251. The ventral striatum is also reliably activated in placebo analgesia129 

and is an important centre of dopaminergic neurotransmission. There is direct evidence for 

dopamine mediating placebo effects in other domains, including pain139 and Parkinson’s 

disease88,140. Further work is required to understand whether dopamine plays a mediating role in 

placebo antidepressant effects. 

4.4.2.3 Serotonin 

Finally, one study in this review showed indirect evidence for a role for serotonin in placebo 

anxiolytic effects. The G allele of the G-703T polymorphism in TPH2 mediated placebo-induced 

reduction in CGI-I score in patients with social anxiety disorder via a reduction in amygdala 

activity250. As discussed above, it is unclear whether such a change in amygdala activity is 

specifically related to placebo mechanisms or whether this represents a non-specific treatment 

effect. Furthermore, this analysis involved a small sample size and so there is a possibility this is a 

false positive. There is no other evidence to my knowledge that serotonin plays a role in placebo 

anxiolysis or in other placebo effects. More studies are needed to understand whether the 

serotonergic system might be important in mediating placebo effects or whether it might interact 

with other neurotransmitter systems, such as the endogenous opioid system, in a placebo-specific 

process. 

4.5 Concluding comments 

Although limited by the heterogeneity of the studies included in this review, the results suggest 

that the endogenous opioid system, dopamine, and serotonin could be important 

neurotransmitter systems in placebo antidepressant and anxiolytic effects. Important 

neuroanatomical regions might include the rACC and default mode network, the ventral striatum, 

orbitofrontal cortex and dorsolateral prefrontal cortex. Of significance, there is evidence that 

activity in the rACC, default mode network, and orbitofrontal cortex is associated with placebo 

effects on unpleasantness, anxiety associated with threat of electric shock, and disgust in healthy 

volunteers154,155,159. The possible functions of these neurotransmitters and regions in placebo 
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antidepressant and anxiolytic effects needs further exploration in adequately powered studies 

designed with the aim of investigating the placebo effect, with consideration to possible 

confounds such as order effects, and involving longitudinal neuroimaging to begin to unpick 

causality. 

It is noteworthy that I found a relative paucity of records reporting functional neuroimaging 

correlates of placebo anxiolysis compared with placebo antidepressant effects. This highlights the 

need for studies specifically exploring the mechanisms of placebo anxiolysis. It is possible that 

placebo anxiolysis has been little explored due to the lack of convenient experimental paradigms. 

In the next two chapters, I report studies in which I have attempted to validate two experimental 

placebo anxiolytic procedures. 
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Chapter 5 An Experimental Placebo Procedure using the 

7.5% CO2 Inhalational Model of Generalised Anxiety 

Disorder 

5.1 Background 

The placebo effect is a psychoneurobiological response resulting from the interplay between prior 

expectations and learning that leads to symptom reduction81 (see section 1.4). We understand a 

great deal about the psychoneurobiology of the placebo effect, mostly through studies of placebo 

analgesia (as discussed in these reviews76,100,101). A placebo effect is thought to occur when 

incoming sensory signals are controlled via top-down systems recruited through the interplay of 

expectations and learning. Some of these top-down systems are also involved in regulation of 

affect76,101, which suggests that it should be possible to manipulate affect through the use of 

placebos. However, only a few studies have explored this95,152,154-156,158,159 and these have been 

influenced by confounders (see section 1.5). Further, these studies were carried out in healthy 

volunteers and so it is unclear whether any biomarkers identified in relation to induced placebo 

effects are clinically relevant. To test hypotheses regarding the psychoneurobiology of placebo 

effects on emotional states, a clinically relevant experimental paradigm is needed that reliably 

and reproducibly induces a placebo response.  

An emotional domain that is both feasible to induce in healthy volunteers under experimental 

conditions and is clinically relevant is anxiety. One particularly well-studied model is the 7.5% CO2 

inhalational model of generalised anxiety (for a discussion of other models see Chapter 2). 

Inhalation of air enriched with 7.5% CO2 for 20-30 minutes (or ‘CO2 challenge’) mimics the 

subjective, autonomic and neurocognitive features of generalised anxiety disorder191-193. In 

addition, anxiety in this model is ameliorated by some standard pharmacological and 

psychological treatments for generalised anxiety disorder194,195. Since this model is treatment-

responsive, has construct validity for clinical anxiety, and allows for control of the anxiogenic 

stimulus intensity, it is ideal for use in an experimental placebo procedure.  

In the current study, I tested whether it was possible to induce a clinically relevant placebo 

response in the 7.5% CO2 inhalational model of generalised anxiety. Placebo effects are maximal 

when verbal suggestions and learning are combined76,92,111,112. Therefore, I designed a paradigm 

that pairs verbal suggestions with learning. The design is similar to paradigms previously used to 

interrogate mechanisms of placebo analgesia84,85,108. 
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5.2 Method 

5.2.1 Ethics statement 

This study was reviewed and approved by the Ethics and Research Governance Office at the 

University of Southampton (reference: 52726). Prior to starting the study, participants were 

informed that the aim was to explore a new ‘lorazepam’ anxiolytic nasal spray. Information 

regarding the aim to study the placebo effect was withheld initially; however, on completing the 

study participants were fully debriefed, and fully informed consent was sought a second time for 

use of their data. Participants were informed that they could decline to consent and their data 

would be destroyed. No participants withdrew consent. 

5.2.2 Participants 

Thirty-two healthy volunteers (aged 18-55) were recruited from the community via poster advert 

and through the e-folio research website. They were offered £15 or, if they were a psychology 

student, course credits as an incentive for participating. Exclusion criteria included: current or 

lifetime history of psychiatric illness as assessed by the Mini International Neuropsychiatric 

Interview for DSM 5 (MINI)260; body mass index <18 or >28 kg/m2; chronic physical illness; regular 

smokers (>6 cigarettes per day); and use of medication in the previous 8 weeks. Participants with 

current alcohol intake >21 units per week or illicit drug misuse (used more than twice in the past 

12 months) were also excluded. All inclusion and exclusion criteria were assessed via telephone 

screening interview. 
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Figure 5.1 CONSORT diagram for the study. 
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5.2.3 Materials and procedures 

5.2.3.1 The sham treatment 

Potential participants were informed that the purpose of the study was to assess the effects of 

‘intranasal lorazepam’ administered as a nasal spray. Lorazepam is a licensed treatment for 

anxiety disorders in the UK, but in reality is not available as a nasal spray. The spray administered 

to participants was instead a normal saline nasal spray with no active ingredients. I chose a 

placebo nasal spray over other modalities (e.g. a pill) for the following reasons. First, it is known 

that invasive procedures including sham injection and sham surgery show larger placebo effects 

than non-invasive alternatives such as a pill261. Second, so-called ‘active’ placebos that generate 

side-effects are more effective than ‘inactive’ placebos160, possibly due to the expectations these 

side-effects engender76. For this study, it would perhaps have been possible to develop a rationale 

for sham injection that would have been believable for participants. However, injection is not 

without risks such as injury at the injection site or infection. On the other hand, a nasal spray is 

somewhat invasive (applicator needs to be inserted into the nostril) and causes ‘side-effects’ in 

terms of feeling the sprayed fluid enter the nostril accompanied by some itching or mild irritation. 

A placebo nasal spray has also been used to induce placebo effects in previous studies95,152,156-158. 

5.2.3.2 Experimental placebo procedure 

Prior to participation, potential volunteers were given information about lorazepam, including 

that it is used as an anxiolytic and its possible side-effects. Following a screening telephone 

interview, eligible participants attended for an experimental session, comprising 3 segments: 

baseline pre-conditioning, conditioning and post-conditioning (see Figure 5.2). In the baseline pre-

conditioning segment, participants underwent a 7.5% ‘CO2 challenge’. Air augmented with 7.5% 

CO2 (21% O2, balance N2) was administered through an oronasal face mask for 20 minutes, as in 

previous studies192,194,262,263. Following this, participants underwent the conditioning phase of the 

experiment.  
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Figure 5.2 Schematic of novel experimental placebo anxiolysis paradigm. After baseline CO2 

challenge (pre-conditioning), participants are randomised to either the placebo with 

expectation (P+, ‘lorazepam’) or placebo without expectation group (P-, ‘saline’). 

They then undergo a conditioning procedure, in which the participants inhale air in 

place of 7.5% CO2 gas mixture. In the post-conditioning period participants again 

undergo CO2 challenge. Outcome measures are taken before and after each 

inhalation period. 

Abbreviations: HR, heart rate; BP, blood pressure; GAD-7, generalised anxiety 

disorder-7 questionnaire; PANAS, positive and negative affect schedule; PSI, panic 

symptom inventory; VAS, visual analogue scale. 
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Participants were randomised to one of two groups: placebo with expectation or placebo without 

expectation. I created a stratified (for gender) randomisation sequence in Microsoft Excel, and 

participants were randomised following the baseline CO2 challenge. In the placebo with 

expectation group, participants were given a ‘sham’ anxiolytic treatment: a normal saline nasal 

spray labelled as ‘intranasal lorazepam’. Participants took two doses intranasally. The spray was 

administered with information that it would work within seconds, as the nose is directly 

connected with the brain, and the spray would have a duration of action of 20-30 minutes. After 

receiving the spray, participants were told they would now repeat the CO2 challenge for 20 

minutes. Instead, for this inhalation period, the experimenter surreptitiously changed the inhaled 

gas to normal air. Normal air inhalation does not normally induce anxiety. The purpose of this 

deception was to condition the participants to believe the spray possessed anxiolytic properties. 

In the post-conditioning segment, participants again took two doses of the ‘lorazepam’ spray 

before undergoing another 20-minute CO2 challenge. They were told that this was to investigate 

the effects of repeated doses of ‘intranasal lorazepam’. For simplicity, this group is referred to as 

the ‘lorazepam’ group in the rest of this chapter. 

The placebo without expectation group underwent exactly the same procedure, except they 

received truthful instructions throughout. After the pre-conditioning segment, they were given a 

nasal spray labelled ‘saline’. This was accompanied by information that the spray contained 

normal saline only and should not have any effect on subjective anxiety. Participants were asked 

to administer two doses of this nasal spray intranasally. Following this, these participants also 

underwent normal air inhalation and were informed that the change to normal air would be the 

cause of any reductions in anxiety. In the post-conditioning segment, these participants again 

took two doses of the saline nasal spray, and were then told that the next inhalation would 

involve air enriched with 7.5% CO2 and this would likely cause them to feel anxious. The purpose 

of this group was to control for the effects of repeated exposure to CO2 challenge as well as any 

other non-specific ‘apparent’ placebo effects (such as natural relaxation, see section 1.3) that 

occurred during the experiment. Giving truthful instructions prevents attribution of reduced 

anxiety to the nasal spray and therefore a placebo effect post-conditioning84,108. For simplicity, 

this group is referred to as the ‘saline’ group in the rest of this chapter. 

All treatments and instructions were given by an independent researcher while I was absent from 

the room. This was done so that I would be blind to treatment assignment. Previous experimental 

placebo studies utilising verbal suggestion or conditioning procedures have often not fully blinded 

the experimenter84,90,92,108,112,155. However, this can introduce responder bias through the 
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participant wanting to give the expected response, or wanting to please the researcher162,163. By 

blinding the experimenter, I hoped that the risk of responder bias would be reduced163. 

5.2.4 Measures 

5.2.4.1 Baseline measures 

Both placebo effectiveness and response to CO2 challenge have been associated with trait 

variables. Effectiveness of a placebo has been linked with trait anxiety and affect264,265, 

interoceptive awareness and openness266, dispositional optimism149,265, and locus of control267. 

However, it should be noted these predictors have failed to replicate in a recent meta-analysis268. 

Response to CO2 challenge appears to be associated with trait anxiety269 and anxiety 

sensitivity269,270. 

To ensure that the groups were balanced for potential predictors of placebo and CO2 

responsiveness, the following baseline measures were taken: 

• Demographics including age, biological sex, and body mass index (BMI) 

• Baseline heart rate and blood pressure 

• Measures of trait anxiety including the Hospital Anxiety and Depression – Anxiety (HADS-

A) sub-scale271, the Penn State Worry Questionnaire (PSWQ)272, the Intolerance of 

Uncertainty Scale (IUS)273, and a modified version of the Generalised Anxiety Disorder 7-

item (GAD-7) questionnaire274 where each question is accompanied by a visual analogue 

scale ranging from “Not at all” to “Nearly every day” 

• The HADS depression sub-scale (HADS-D)271 – a measure of trait affect 

• The Anxiety Sensitivity Index (ASI)275 – a measure of anxiety sensitivity 

• The Revised Life Orientation Test (LOTR)276 – a measure of dispositional optimism 

• The Locus of Control questionnaire (LOC)277 – a measure of locus of control 

5.2.4.2 CO2 outcome measures 

Outcome measures were taken before and after each inhalation. Subjective state anxiety was 

measured with a modified version of the GAD-7274, where each question is represented by a visual 

analogue scale ranging from “not at all” to “all of the time”. This questionnaire is brief, highly 

applicable to diagnostic criteria for generalised anxiety disorder, and the modification to visual 

analogue scales means it is sensitive to change over time192,262,263. Psychological and somatic 

symptoms of anxiety were further measured through the panic symptom inventory (PSI)278,279. 

This is a 34-item scale that examines the psychological (e.g. feeling anxious, out of control, that 

they were dying) and somatic (e.g. heart pounding, breathlessness, muscle tension) symptoms of 
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panic attacks. The presence and severity of these symptoms are rated from 0 (not present) to 4 

(very severe). Subjective changes in mood were assessed through the Positive and Negative Affect 

Schedule (PANAS)280. Autonomic stress was measured through heart rate and blood pressure 

measurements taken with an automated sphygmomanometer (Omron-M6, Medisave, UK) before 

and after each inhalation. These measures are known to differentiate between high and low 

anxiety states reliably191-194.  

5.2.4.3 Expectations 

I measured conscious expectations of therapeutic benefit from the spray immediately before the 

conditioning period (air inhalation) and immediately before the post-conditioning CO2 challenge. 

Increased expectations in the ‘lorazepam’ group would suggest that the conditioning procedure 

had been effective. Participants were instructed to rate their answer to the question “how much 

do you expect this spray to reduce your anxiety by during the next inhalation?” on a 10 cm visual 

analogue scale ranging from “not at all” to “very much”. To check whether this expectation 

remained present post-conditioning, I also assessed post-experiment beliefs about the ‘sham’ 

treatment using an adapted version of the therapy credibility questionnaire281. This questionnaire 

was originally designed to measure the credibility of the rationale for different therapies and the 

expected potential for benefit281. Three of the questions were adapted to measure beliefs about 

the effectiveness of the ‘sham’ treatment and read as follows: 

1. How confident are you that this treatment can successfully eliminate anxiety? 

2. How confident would you be in recommending this treatment to a friend who suffers with 

anxiety in certain situations? 

3. If you suffered with anxiety, would you be willing to have this treatment? 

Each item was scored using a Likert scale from 1 to 5, with higher scores indicating greater beliefs 

about effectiveness. Participants were asked to be honest in their answers. This questionnaire 

was completed in the presence of the unblinded independent researcher to avoid accidentally 

unblinding me. 

5.2.5 Statistical analysis and power calculation 

My outcome of interest was the change in subjective anxiety, mood and autonomic measures 

over the course of the procedure. I hypothesised that the ‘lorazepam’ group would exhibit a 

placebo effect, which would be measurable as a significant reduction in CO2 outcome measures 

from pre- to post-conditioning, and a significant reduction in these measures compared with the 

‘saline’ group post-conditioning. 
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Due to the Covid-19 pandemic, recruitment for this study was more difficult than anticipated 

(recruitment began in January 2020). However, the study is powered to detect meaningful 

placebo effects. The effect size of placebo treatment is known to be smaller in clinical trials 

compared with the effect sizes seen in experimental placebo studies75. Meta-analyses have shown 

that the average effect size of placebo analgesia in healthy volunteers is g = 1.24184 and in studies 

combining verbal suggestion with behavioural conditioning it is d = 1.4875. To date, only one other 

study has combined verbal suggestion and behavioural conditioning to experimentally induce a 

placebo effect on affect. In this study, significant effects of the placebo were seen on 

‘unpleasantness’ in a sample of 15 participants, suggesting a large effect size (although standard 

deviations were not reported)155. For this study, I recruited 32 participants, which provided 80% 

power to detect an effect size d > 1.03 with an alpha level of 0.05 (two-tailed). The study was 

therefore powered to detect a placebo effect size comparable to that seen in the literature for 

similar experimental placebo studies. 

Statistical analysis was carried out using Jamovi version 1.6.23.0 (https://www.jamovi.org)218. 

Baseline characteristics were compared between groups with independent samples t-tests for 

continuous data or chi-squared tests for dichotomous data. Statistical analysis of subjective 

anxiety, mood, and autonomic CO2 outcome measures, and change in expectations was carried 

out through mixed-model analysis of variance (ANOVA) with repeated measures. In all models 

time was the within-subject factor and group was the between-subject factor. Significant results 

were explored further through post-hoc t-tests. The post-experiment therapy credibility 

questionnaire was analysed through an independent samples t-test. 

Exploratory analyses included a post-hoc power analysis and an analysis examining whether 

expectations regarding potential benefit influenced outcome. First, I explored the sample sizes 

needed to achieve 80% power to detect placebo anxiolysis given the effect sizes seen in this 

study. Second, to explore the effect of expectations, I calculated the ‘CO2 reactivity’ for each 

participant in each inhalation by subtracting pre-inhalation values from post-inhalation values. 

Larger scores would indicate a greater reactivity to CO2 challenge. I then calculated how this 

changed from pre-conditioning to post-conditioning by subtracting pre-conditioning reactivity 

from post-conditioning reactivity. Thus negative values represent a reduction in reactivity 

(potentially placebo anxiolysis) while positive values represent an increase in reactivity. I then 

correlated the change in CO2 reactivity for each outcome measure with expectations post-

conditioning for each group separately.  
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5.3 Results 

5.3.1 Baseline characteristics 

Baseline characteristics for each group are summarised in Table 5.1. The only difference between 

groups was a significant difference in HADS-D score. However, all participants scored within the 

normal range (maximum score was 6). Further, if correction for multiple comparisons is applied 

then this difference is not significant. There were no other significant differences between the 

groups in baseline characteristics or personality traits. 

5.3.2 Expectations 

Expectations were measured both prospectively and retrospectively. I measured expectation 

prospectively (from pre- to post-conditioning) using a visual analogue scale and analysed these 

data through mixed-model ANOVA with repeated measures. This revealed a significant effect of 

group (F(1,30) = 12.72, p = 0.001, ηp
2 = 0.30) and a significant time*group interaction (F(1,30) = 4.91, p 

= 0.035, ηp
2 = 0.14). Post-hoc tests showed these effects were driven by a significant increase in 

expectation from pre- to post-conditioning in the ‘lorazepam’ group only (mean difference = 1.68, 

t(30) = 2.66, p = 0.012) and a significant difference in expectation between groups post-

conditioning (mean difference = 3.22, t(30) = 4.46, p < 0.001). See Figure 5.3. 

I also measured expectations retrospectively using an adapted therapy credibility questionnaire 

which the participant completed at the end of the study. There was a significant difference in this 

measure between groups, with the ‘lorazepam’ group rating the ‘sham’ treatment as more 

credible (mean difference = 2.28, t(30) = 2.22, p = 0.034, d = 0.79).  

Overall, these results suggest that the conditioning paradigm induced a significant expectation of 

therapeutic benefit, which appeared to persist following the post-conditioning CO2 challenge. 
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Table 5.1 Baseline characteristics. Values are mean ± SD for continuous variables and count (%) for 
dichotomous variables. Significant results are in bold. 

 ‘Lorazepam’ ‘Saline’ Test statistic p value 

N 15 17   

Age 21.47 ± 1.96 19.71 ± 3.08 t(30) = 1.90 0.067 

Females 10 (67%) 11 (65%) χ2(1) = 0.01  0.907 

BMI 23.03 ± 2.37 22.17 ± 2.50 t(30) = 0.99 0.332 

Modified GAD-7 12.14 ± 8.75 15.54 ± 10.95 t(30) = 0.96 0.344 

HADS-A 3.13 ± 1.92 3.29 ± 1.93 t(30) = 0.24 0.815 

HADS-D 0.53 ± 0.74 1.82 ± 1.91 U = 72.50* 0.030 

ASI 12.07 ± 7.16 12.82 ± 7.79 t(30) = 0.28 0.778 

IUS 50.87 ± 12.59 48.12 ± 12.05 t(30) = 0.63 0.533 

LOTR 17.33 ± 3.06 16.65 ± 3.86 t(30) = 0.55 0.585 

LOC 12.33 ± 3.96 11.29 ± 3.92 t(30) = 0.75 0.462 

PSWQ 39.20 ± 9.28 38.76 ± 10.10 t(30) = 0.13 0.900 

Systolic BP (mmHg) 120.47 ± 11.86 113.18 ± 9.89 t(30) = 1.90 0.068 

Diastolic BP (mmHg) 74.73 ± 9.54 71.35 ± 10.50 t(30) = 0.95 0.351 

Pulse rate (bpm) 70.33 ± 14.17 75.53 ± 14.04 t(30) = 1.04 0.306 

*Mann-Whitney U test used as assumption of equal variances violated 
Abbreviations: BMI, Body mass index; GAD-7, Generalised Anxiety Disorder-7 questionnaire; HADS, 
Hospital Anxiety and Depression Scale; ASI, Anxiety Sensitivity Index; IUS, Intolerance of Uncertainty 
Scale; LOTR, Life Orientation Test Revised; LOC, Locus of Control questionnaire; PSWQ, Penn State Worry 
Questionnaire; BP, Blood pressure; mmHg, millimetres of mercury; bpm, beats per minute 



Chapter 5 

88 

 

Figure 5.3 Graph showing expectation ratings pre- and post-conditioning in each group. Points 

represent estimated marginal means and error bars represent 95% confidence 

intervals. Expectation significantly increased in the ‘lorazepam’ group only, and there 

was a significant difference between groups post-conditioning. 
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5.3.3 Subjective and autonomic measures of anxiety 

Subjective and autonomic measures of anxiety were analysed through mixed-model ANOVA. 

These results are summarised in Table 5.2. There was a significant effect of time in all outcome 

measures except diastolic blood pressure. Subjective anxiety, pulse rate, and negative affect were 

significantly increased, and positive affect significantly decreased, following each 7.5% CO2 

inhalation. There was an additional effect of group on systolic blood pressure. This appeared to be 

driven by a significant difference in systolic blood pressure between groups prior to the first 

inhalation (mean difference = 10.46, CI95% [2.17, 18.75], t(30) = 2.58, p = 0.015). Following the first 

inhalation, there were no significant differences in systolic blood pressure between the groups 

(t(30)’s < 1.60, p’s > 0.110). There were no significant time*group interactions in any outcome 

measure (F’s < 1.08, p’s > 0.350), suggesting that mean outcomes were similar in both groups 

across the experiment (see Figure 5.4 and Figure 5.5). 
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Table 5.2 Summary of mixed-model ANOVAs with repeated measures assessing CO2 outcomes. 
Significant results in bold. 

Outcome Measure Effect Test statistic p value ηp2 

Subjective Anxiety and Mood 
    

Modified GAD-7 Time 

Group 

Time*Group 

F(2.40,72.15) = 28.90  

F(1,30) = 0.10  

F(2.40,72.15) = 0.40  

< 0.001 

0.758 

0.497 

0.49 

0.00 

0.02 

PANAS Positive Affect Time 

Group 

Time*Group 

F(2.26,67.83) = 38.72 

F(1,30) = 0.10  

F(2.26,67.83) = 1.07  

< 0.001 

0.752 

0.353 

0.56 

0.00 

0.03 

PANAS Negative Affect Time 

Group 

Time*Group 

F(1.77,51.39) = 15.25 

F(1,29) = 0.24  

F(1.77,51.39) = 0.46 

< 0.001 

0.631 

0.608 

0.34 

0.01 

0.02 

PSI Time 

Group 

Time*Group 

F(1.80,54) = 25.92 

F(1,30) = 0.08  

F(1.80,54) = 0.03 

< 0.001 

0.785 

0.959 

0.46 

0.00 

0.00 

Autonomic Measures     

Systolic BP (mmHg) Time 

Group 

Time*Group 

F(3,90) = 5.87 

F(1,30) = 5.24  

F(3,90) = 0.60 

0.001 

0.029 

0.620 

0.16 

0.15 

0.02 

Diastolic BP (mmHg) Time 

Group 

Time*Group 

F(3,90) = 0.17 

F(1,30) = 0.86  

F(3,90) = 1.03 

0.914 

0.362 

0.381 

0.01 

0.03 

0.03 

Pulse rate (bpm) Time 

Group 

Time*Group 

F(1.70,50.87) = 13.46 

F(1,30) = 1.22  

F(1.70,50.87) = 0.94 

< 0.001 

0.278 

0.383 

0.31 

0.04 

0.03 

Abbreviations: GAD-7, Generalised Anxiety Disorder-7 questionnaire; PANAS, Positive and Negative 
Affect Schedule; PSI, Panic Symptoms Inventory; BP, Blood pressure; mmHg, millimetres of mercury; 
bpm, beats per minute 
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Figure 5.4 Graphs showing change in subjective anxiety and mood CO2 outcome measures over 

the course of the testing session. Points represent estimated marginal means and 

error bars represent 95% confidence intervals. 
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Figure 5.5 Graphs showing change in autonomic CO2 outcome measures over the course of the 

testing session. Points represent estimated marginal means and error bars represent 

95% confidence intervals. 
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5.3.4 Effect size of placebo anxiolysis 

The effect sizes of 7.5% CO2 inhalation on subjective and autonomic anxiety were large in this 

study (ηp
2 ranged from 0.16 to 0.56). However, the effect size of the time*group interaction was 

small in all outcome measures (ηp
2 < 0.03). As a result, large sample sizes would be needed to 

detect a placebo effect in this paradigm. In Table 5.3, I have summarised the effect sizes for post-

hoc between-group comparisons following the post-conditioning CO2 inhalation, and the sample 

size needed per group for 80% power to detect this effect. Minimum sample sizes ranged from 

116 to 39246 per group.  
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Table 5.3 Summary of effect sizes for post-hoc between-group comparisons of subjective and autonomic 
outcome measures following the second CO2 inhalation and sample size required for 80% 
power to detect the effect. Where mean difference is positive, this indicates a larger value for 
the ‘lorazepam’ group. 

Variable Mean 
Difference 

CI95% Test result Cohen’s d N per group 
required 

Modified GAD-7 2.83 -14.09, 19.75 t(30) = 0.34, p = 0.735 0.12 1092 

PANAS Positive 
Affect 

-0.40 -7.15, 6.34 t(30) = 0.12, p = 0.903 0.04 9813 

PANAS Negative 
Affect 

0.51 -2.89, 3.90 t(30) = 0.30, p = 0.763 0.11 1299 

PSI -1.04 -13.11, 11.04 t(30) = 0.18, p = 0.862 0.06 6281 

Systolic BP 
(mmHg)* 

1.92 -6.30, 10.14 t(29) = 0.48, p = 0.636 0.19 436 

Diastolic BP 
(mmHg) 

-0.18 -6.36, 6.00 t(30) = 0.06, p = 0.953 0.02 39246 

Pulse rate (bpm) -7.34 -21.87, 7.19 t(30) = 1.03, p = 0.311 0.37 116 

*Pre-inhalation 1 systolic BP included as a covariate, due to significant difference between groups 
Abbreviations: CI95%, 95% confidence interval; GAD-7, Generalised Anxiety Disorder-7 questionnaire; 
PANAS, Positive and Negative Affect Schedule; PSI, Panic Symptoms Inventory; BP, Blood pressure; 
mmHg, millimetres of mercury; bpm, beats per minute 
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5.3.5 Exploratory analyses of effect of expectations on placebo anxiolysis 

At the group level, average anxiety post-conditioning suggested no evidence for placebo effects. 

However, it was possible that subgroups of participants exhibited different responses. Indeed, on 

visual inspection of the data, some participants experienced reduced anxiety over time, while for 

others anxiety worsened. If expectation was associated with reduction in anxiety then this might 

suggest that some participants experienced placebo anxiolysis. 

To explore this, I calculated change in CO2 reactivity for each participant before and after placebo 

conditioning. There were no significant differences between the groups in change in CO2 reactivity 

for any outcome measure (all t(30)’s < 1.60, p’s > 0.130). Next, I correlated change in CO2 reactivity 

with expectation post-conditioning in the ‘lorazepam’ group and ‘saline’ group separately. In the 

‘lorazepam’ group, and in subjective measures only, these correlations showed weak to moderate 

trend relationships between higher expectation post-conditioning and reduced responsiveness to 

CO2 challenge (r’s -0.37 to -0.47, p’s < 0.180). In contrast, there was either no relationship or a 

relationship in the opposite direction in autonomic outcome measures and in all measures in the 

‘saline’ group (see Figure 5.6).  

It is additionally noteworthy that a number of participants in the ‘lorazepam’ group experienced 

increases in CO2 reactivity, consistent with a nocebo response. This is illustrated in Figure 5.7. 
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Figure 5.6 Correlations between change in CO2 reactivity from pre- to post-conditioning in each 

outcome measure and expectation post-conditioning computed for each group 

separately (left: ‘lorazepam’; right: ‘saline’). Negative values on the y axis represent 

reduced CO2 reactivity post-conditioning. There was a trend negative relationship 

between change in CO2 reactivity in subjective measures of anxiety and expectation 

post-conditioning in the ‘lorazepam’ group only. 

Abbreviations: GAD-7, Generalised Anxiety Disorder-7 questionnaire; PANAS, Positive 

and Negative Affect Schedule; PSI, Panic Symptoms Inventory; BP, Blood pressure; 

mmHg, millimetres of mercury; bpm, beats per minute. 
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Figure 5.7 Change in CO2 reactivity from pre- to post-conditioning in subjective CO2 outcome 

measures for the ‘lorazepam’ group. Negative values on the y axis represent reduced 

CO2 reactivity. In blue are participants who showed increases in CO2 reactivity post-

conditioning, consistent with a nocebo response. In red are participants who showed 

reductions, consistent with a placebo response. 

Abbreviations: GAD-7, Generalised Anxiety Disorder-7 questionnaire; PANAS, Positive 

and Negative Affect Schedule; PSI, Panic Symptoms Inventory. 
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5.4 Discussion 

The purpose of this study was to test whether a novel experimental placebo procedure reliably 

induced placebo anxiolysis in healthy volunteers. Contrary to my hypotheses, on average, both 

groups exhibited similar subjective and autonomic effects of CO2 challenge during both 

inhalations. This occurred despite significantly increased expectations of benefit in the 

‘lorazepam’ group following conditioning, which appeared to persist after the post-conditioning 

CO2 challenge. Nevertheless, these expectations did not translate into a placebo effect at the 

group level. If there were placebo effects present, then the size of these effects were small282. 

Post-hoc comparisons revealed that the between-group effect size on all outcome measures 

ranged from d = 0.02 to 0.37. In contrast, standard anxiolytic treatments show large effects on 

measures of anxiety during 7.5% CO2 inhalation in healthy volunteers. Seven days of treatment 

with lorazepam reduces fearfulness with an effect size of d = 0.81195, 21 days of paroxetine 

treatment reduces nervousness with d = 0.92195, and mindfulness techniques reduce state anxiety 

with partial η2 = 0.26194. As described in the power analysis for this study (see section 5.2.5), 

previous experimental placebo conditioning paradigms demonstrate large placebo effects75,155,184. 

The placebo effects seen in the current study are unlikely to be meaningful or relevant when 

compared with placebo effects seen in other conditioning paradigms and with standard anxiolytic 

treatments. However, an exploratory analysis showed a trend-level negative relationship between 

expectations of benefit following conditioning and change in reactivity to CO2 challenge in the 

‘lorazepam’ group in subjective outcome measures only. The correlation coefficients suggested 

these were weak to moderate relationships282,283. Visual inspection of the graphs shows some 

participants, including some with high expectations, experienced an unexpected nocebo effect 

(worsening of anxiety following conditioning, see Figure 5.7). This is in contrast with studies of 

placebo analgesia using established paradigms, in which nearly all participants show 

improvements following conditioning (e.g.109,148,284). The result is a small average effect compared 

with control in the current study. The reasons for these unexpected nocebo responses could be 

the study design, the choice of anxiogenic stimulus, or these could possibly be consistent with a 

Bayesian predictive coding model of placebo effects. I discuss each in turn below. 

5.4.1 Study design 

Only one previous paradigm has been developed with the explicit aim of inducing placebo 

anxiolysis in healthy volunteers. Using an unpredictable threat of shock as the anxiogenic 

stimulus, a placebo accompanied by verbal suggestions it was an anxiolytic drug (either ‘intranasal 

lorazepam’ or ‘laughing gas’) reduced subjective fear and skin conductance responses in three 
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related studies, regardless of threat158,159. Since the effect was not specific to threat trials, it is 

possible that the results represent another phenomenon, such as reduced attention, rather than 

reduced anxiety. Relatedly, placebo effects on ‘unpleasantness’ of distressing images has been 

investigated in two studies155,156. Although ‘unpleasantness’ is a vague construct, it might have 

overlaps with anxiety or feelings of threat. In the first of these studies, placebo effects were seen 

following a conditioning procedure involving active medications (midazolam and flumazenil) on 

day 1, and then a testing session on day 2 with saline only155. In the second, an open-label placebo 

nasal spray reduced subjective distress in response to negative images but not neutral images in 

comparison with a control group156.  

The above studies share design features that differ from mine. First, in all the above studies, 

experimenters were unblinded and either involved in the deception of the participant or gave the 

placebo open-label. By contrast, in the current study the experimenter was blinded to the 

participant’s treatment assignment. This should reduce the chance of responder bias influencing 

the results163. However, it should be noted that in the non-deceptive placebo study described 

above, effects were seen on the late positive potential (LPP, a neural biomarker of distress) even 

when participants were not asked to give feedback about their subjective feelings156. This 

suggests that perhaps responder bias perhaps plays less of a role in placebo effects than 

previously thought.  

The other feature many of these studies share is a within-subjects design, in which the placebo 

condition was compared with a control condition in the same individual155,158,159. A within-subjects 

design can reduce the effect of inter-individual variability or confounders and increase signal to 

noise ratio285. The current study, by contrast, utilised a between-subjects design, in which a 

placebo group (‘lorazepam’) was compared with a control group (‘saline’). Increased noise, for 

example due to factors other than placebo mechanisms influencing CO2 reactivity, might have 

obscured the signal of the placebo effect. However, both groups were well balanced for potential 

confounders. Furthermore, between-group designs have been employed in many experimental 

placebo studies that demonstrated significant placebo effects82,84,91,92,94,95,108,152,156.  

Finally, the duration of the aversive stimulus was shorter, and outcomes were measured at 

multiple timepoints in the above studies. For example, in the threat of shock paradigm158,159, the 

placebo was administered before each run of trials, each lasting 2-3 minutes, with a total of 12 

runs. In the 2005 study of placebo effects on ‘unpleasantness’, the placebo and control were 

administered 3 times each, and ratings of ‘unpleasantness’ were taken after each block of images 

lasting approximately 5 minutes155. In the 2020 open-label placebo study, unpleasant images were 

presented for approximately 12 minutes, and ratings of ‘unpleasantness’ were taken after each 
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image (40 times)156. Outcomes are generally measured multiple times in the experimental placebo 

analgesia literature. In a paradigm similar to that employed in the current study, 10-15 

moderately painful thermal laser stimuli were applied post-conditioning, with pain ratings taken 

after each stimulus84,108. By contrast, in the current study outcome measures were taken at a 

single timepoint post-conditioning after a relatively long duration aversive stimulus (20 minutes of 

7.5% CO2 inhalation). Both pain and anxiety are subject to the peak-end rule, which states that 

participants are inclined to recall events mostly by how they were perceived at the experience’s 

peak and at its conclusion286,287. The single post-hoc measure used here might lack the sensitivity 

to detect early placebo effects as a result. Additionally, repeated applications of a successful 

placebo would theoretically enhance its effects by reinforcing expectations and conditioning76. 

Despite this, at least one study has shown that placebo effects can be induced on tonic pain (cold 

pressor test), and the onset of these effects corresponds with instructions about the expected 

duration of action of the placebo284. Perhaps more explicit instructions in the post-conditioning 

phase regarding expected effects of the sham ‘lorazepam’ would have enhanced its effects in the 

current study.  

5.4.2 Choice of anxiogenic stimulus 

Another possibility to consider is that 7.5% CO2 inhalation is not conducive to inducing placebo 

effects. Inhalation of air ‘enriched’ with CO2 is known to affect psychological, physiological and 

cognitive systems, inducing subjective feelings of anxiety, physical changes such as increased 

heart rate, blood pressure and skin conductance, and altering cognitive biases toward threatening 

information39,192,193,288. Results from a recent study suggest that the cognitive effects of CO2 

inhalation extend to frontal executive functions. Healthy participants completed an intra-

extradimensional set shift (IDED) task and a spatial working memory task while undergoing 7.5% 

CO2 challenge. Compared with air inhalation, participants made more extra-dimensional set shift 

errors in the IDED task, suggesting reduced cognitive flexibility, and more total errors (with the 

most at the hardest level) in the spatial working memory task289. This pattern of errors is 

consistent with reduced prefrontal cortical function: a similar profile is seen in patients with 

frontal lobe injury290. This is important as it is known that successful induction of placebo effects 

requires intact frontal cortical activity. For example, in patients with Alzheimer’s disease, reduced 

Frontal Assessment Battery scores and reduced functional connectivity of the prefrontal lobes 

with the rest of the brain are associated with reductions in the placebo component of 

analgesia291. Additionally, when repetitive transcranial magnetic stimulation is used to transiently 

disrupt bilateral DLPFC function, placebo analgesia is completely blocked in healthy volunteers292. 
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It is possible that prefrontal cortical disruption as a result of 7.5% CO2 inhalation attenuated the 

placebo effect in the current study. Further studies are needed to understand this. 

5.4.3 Expectations not realised: a possible explanation via Bayesian integration theory 

I additionally found a non-significant trend association between increased expectations post-

conditioning and reduced sensitivity to CO2 challenge in subjective anxiety and mood measures 

only. A number of participants exhibited reasonably high expectation of benefit but did not 

experience a reduction in CO2 reactivity, instead showing no change or an increase. These findings 

can potentially be explained through a Bayesian predictive coding framework, which has been 

offered as a potential model for understanding placebo effects293.  

In this framework, it is thought that predictions about sensory stimuli (the ‘prior’) are compared 

with noisy ascending sensory signals (‘observation’) and a decision is made to reconcile these that 

results in a perception (the ‘posterior’)293,294. This can be applied to a placebo experiment as 

follows. Previous experience and conditioning are combined to form a prior (in this case an 

expectation). If a subsequent stimulus does not match the prior this creates a ‘prediction error’. 

The system operates to minimise prediction errors, and so a Bayesian statistical inference follows, 

where the outcome is inferred to be somewhere between the prior prediction and the stimulus 

intensity. The difference between this posterior and the actual stimulus intensity represents the 

placebo effect293,294. Crucially, in this framework, the prior expectations and ascending sensory 

signals are represented as probability density functions: meaning some level of certainty is 

encoded293. This is important, as it suggests that the ‘weighting’ given to prior expectations or to 

ascending sensory evidence is determined by the relative certainty of each293,295. For example, if 

the prior probability is uncertain compared with incoming sensory information, then the posterior 

will be more closely aligned with the more certain incoming sensory information. However, if the 

incoming sensory information is highly variable, then the posterior might be more closely aligned 

with expectations. In other words, the placebo effect could be considered as a type of ‘perceptual 

illusion’, like optical illusions294. Indeed, this framework has been demonstrated to accurately 

model the results of placebo conditioning behaviourally294 and neural signals in the peri-

aqueductal grey matter295.  
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Figure 5.8 Cartoon demonstrating key concepts underpinning the Bayesian predictive coding 

framework of placebo effects. The ‘prior’ distribution (expectations) is compared 

with incoming sensory information (observation) and a decision is made that 

reconciles the two (perception) (A). Where incoming sensory information is noisy, 

then greater weight is given to the prior (B). However, if there is uncertainty 

regarding expectations for future stimuli, then greater weight is given to incoming 

sensory information (C). 
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The concepts described by the Bayesian predictive coding framework might explain the current 

results in two ways. First, this framework suggests that placebo effects are more pronounced 

when expectations are highly certain and when incoming sensory information is highly 

variable293,295. The effect of expectation certainty is evidenced by the finding that four 

conditioning sessions leads to more pronounced placebo effects than one conditioning session in 

healthy volunteers148, as presumably more information leads to greater certainty in the predictive 

model. In the current study, I only carried out a single conditioning session. Mean expectancy 

post-conditioning in the ‘lorazepam’ group was 5.21 with the highest expectancy rating being 8.10 

(maximum possible 10). This suggests that the group as a whole were only moderately certain 

about their beliefs. In addition, the variability regarding sensory information during CO2 challenge 

is unknown. However, given that even 2 minutes of inhalation of 7.5% CO2 can induce significant 

anxiety288, and that test-retest reliability is high296, it is likely the variability of this stimulus is low. 

Continuous subjective and autonomic measures of anxiety during CO2 challenge would allow 

measurement of this variability directly. In sum, the paradigm as designed could have led to low 

certainty regarding the anxiolytic effect of the placebo and high certainty regarding anxiogenic 

effects of CO2 challenge: a situation theorised to minimise placebo effects.  

Second, if incoming sensory information is ‘too different’ from the prior model then it is possible 

this model will be abandoned293. The conditioning procedure in this study used a low intensity 

stimulus (air inhalation). In the subsequent testing phase participants again experienced a 

stimulus of high intensity (7.5% CO2). This might have led participants to question whether a 

medication had been given at all. Against this argument is the post-experiment measure of 

beliefs, which suggests the ‘lorazepam’ group continued to hold positive expectations. 

Nevertheless, I did not ask participants whether they suspected any deception during or after the 

study. It is therefore unclear whether such shifts in explanatory models could have attenuated the 

placebo effect.  

Although not sufficient to induce placebo effects at a group level, there was a trend between 

post-conditioning expectation and CO2 challenge reactivity in subjective anxiety and mood 

measures only. This is a feature of placebo effects. For example, in patients with asthma, placebo 

treatment does not affect objective measures of respiratory function but does affect subjective 

reports of symptoms compared with no treatment297. Similarly, mindfulness techniques 

significantly reduce subjective anxiety during CO2 challenge, but do not appear to affect 

autonomic measures in healthy volunteers194. This suggests there might be overlap between 

mechanisms mediating the effects of expectations and of mindfulness on CO2-induced anxiety. 

Indeed, open monitoring was the most efficacious mindfulness technique, which involves active 
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reappraisal of incoming information194, and functional imaging suggests overlap between regions 

involved in emotional reappraisal and placebo analgesia298. Given that this trend was seen, 

consideration should be given to measuring expectations and including these as a covariate in 

analyses of CO2 challenge studies in future. 

5.4.4 Limitations 

This study had some limitations, most of which follow from the discussion above. First, the sample 

size of 32 was relatively small. Although this sample size should have been large enough to detect 

effect sizes seen in the experimental placebo literature, the small numbers precluded any 

exploratory analyses of demographic or personality trait predictors of CO2 challenge outcome or 

of placebo effects. The study is also underpowered to detect smaller placebo effects, although it 

is unclear how relevant smaller effects would be. Further to this, there were more females than 

males in the study; however, proportions of females to males were similar in both groups 

minimising the risk of confounding. Second, there is no clear definition of what a ‘treatment 

responder’ is in the 7.5% CO2 inhalational model of generalised anxiety. As a result, I could not 

assess whether there were different numbers of ‘treatment responders’ in each group, which 

could have been another way to assess for placebo effects. This approach has not been taken in 

other experimental placebo studies, so such an approach would not be consistent with the 

literature. Third, anxiety and mood was measured through a single questionnaire at the end of 

each inhalation. A continuous measure would have allowed quantification of the variation in 

subjective anxiety during a CO2 challenge and might have revealed interesting expectancy effects. 

Finally, I did not collect subjective reports of how the participants experienced the placebo 

conditioning procedure. Reports regarding whether they suspected deception, and when, would 

have given valuable insights when appraising expectancy ratings and the post-experiment 

therapeutic credibility questionnaire. 

5.5 Concluding comments 

In summary, the 7.5% CO2 inhalational model of generalised anxiety disorder does not appear 

conducive to inducing placebo effects. On average, both the placebo and control groups exhibited 

similar subjective and autonomic responses to CO2 challenge pre- and post-conditioning. The 

effect size of placebo was small, smaller than the effect size of active pharmacological and 

psychological treatments. However, there was a trend association between expectation and 

change in reactivity to CO2 challenge post-conditioning. Furthermore, there was an unexpected 

group of participants that appeared to exhibit nocebo responses, despite positive expectations. It 

is possible that aspects of the study design, the choice of anxiogenic stimulus, or behaviour in line 
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with a Bayesian predictive coding framework attenuated the effect of expectations on subsequent 

placebo response. Future studies should explore these possibilities. 

Although placebo effects are maximal when verbal suggestions and learning are 

combined76,92,111,112, placebo effects on emotions have been induced through verbal suggestions 

alone95,156,157. In the next chapter, I describe a second novel paradigm in which I explore whether 

placebo anxiolysis can be induced remotely through verbal suggestion alone in a behavioural 

anxiety challenge model. 
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Chapter 6 Placebo Response in a Modified Trier Social 

Stress Test 

6.1 Background 

As discussed in Chapter 5, few studies have explored placebo effects in experimentally-induced, 

clinically-relevant affective states95,152,154-156,158,159. Further, findings from these studies have been 

influenced by confounders (see section 1.5). There is a need for an experimental paradigm that 

both reliably and reproducibly elicits a placebo response and is clinically relevant. In Chapter 5, I 

tested a novel conditioning procedure designed to elicit placebo anxiolysis in the 7.5% CO2 

inhalational model of generalised anxiety. Although the conditioning procedure appeared to 

enhance expectations, this did not translate into placebo anxiolysis at the group level. This could 

be due to features of the CO2-enriched air that mean it is not conducive to eliciting placebo 

effects. For example, inhalation of CO2-enriched air might negatively impact prefrontal cortical 

function289, which is necessary for producing placebo effects291,292. 

A number of paradigms exist for experimental induction of acute stress and anxiety (see Chapter 

2). The Trier social stress test (TSST) is one of the most reliable, and does not involve a 

pharmacological or physiological challenge that could confound a placebo treatment39,40,196. 

Measures of stress and anxiety in the TSST are also ameliorated by standard anxiolytic 

treatments, e.g. the benzodiazepine alprazolam197, and by experimental treatments, e.g. 

buprenorphine198. This suggests that the TSST has good construct validity for anxiety symptoms. 

The TSST has been used as an experimental model of social anxiety disorder (SAD)39,40, however, 

there are some issues when the TSST is used for this purpose.  

6.1.1 Rationale for a modified Trier social stress test 

The original TSST was developed in 1993 by Kirschbaum and colleagues299. In this version, 

participants are asked to imagine they have applied for their dream job. They are then told they 

will shortly attend an interview for this position, and they need to convince three managers that 

they are the perfect applicant. Participants are given 10 minutes to prepare and then they give a 

5-minute unstructured speech in front of 3 judges. The judges are briefed not to react. After 5 

minutes the participant is asked to perform a surprise mental arithmetic task: a serial subtraction 

of 13 from 1022 for 5 minutes. Each time the participant makes an error they are asked to start 

again.  
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The emergence of SARS-Cov-2 and the subsequent Covid-19 pandemic meant it would not be 

feasible to run the TSST as described above. Due to social distancing requirements, it would not 

be possible to have four people in the same room. Further, all persons would need to wear 

facemasks, which could potentially be a confounder. Finally, the lack of social distancing might in 

itself be stressful in the context of a pandemic. I instead decided to modify the task for use online 

in a videoconferencing platform. While performing this modification I discovered other 

confounders in the original TSST that I could attempt to address, including: 

• the test is designed to induce stress rather than social anxiety symptoms 

• it is complex to set up 

• it requires a large number of people to be available at the same time 

• performance of confederates cannot be easily controlled for300 

• the situation is extreme meaning its ecological validity for day-to-day experiences in 

patients with SAD is unclear 

6.1.2 The InterneT-based Stress test for Social Anxiety Disorder (ITSSAD) 

To address the issues detailed above, I created a modified version of the TSST that can be 

delivered via videoconferencing online: the InterneT-based Stress test for Social Anxiety Disorder 

(ITSSAD)301. I designed the ITSSAD to produce anxiety in participants through anticipation and 

then experience of a naturalistic “getting to know another” social interaction. Previous research 

has shown that similar social interaction tasks can induce significant anxiety in patients with 

SAD302, and significant physiological arousal in healthy participants with high levels of social 

anxiety, with no difference between those completing the task face to face or via computer text 

chat303. In a recently published paper, I have shown that the anticipatory period and social 

interaction in the ITSSAD significantly increase anxiety and negative affect, and significantly 

reduce positive affect in volunteers with sub-clinical to clinical social anxiety symptoms301. 

Further, subjective anxiety following the social interaction is associated with burden of social 

anxiety symptoms, and not trait generalised anxiety, suggesting this paradigm has ecological 

validity for SAD301 (see accompanying documents).  

6.1.3 Aim of the current study 

In the current study, I tested whether the ITSSAD paradigm could be used to induce placebo 

anxiolysis remotely in non-treatment-seeking volunteers with social anxiety symptoms. My 

hypothesis was that exposure to a ‘sham’ psychological treatment when accompanied by verbal 
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suggestions of ‘feelings of relaxation’ would reduce subjective anxiety following anticipation and 

experience of an online social interaction. 

6.2 Methods 

6.2.1 Ethics statement 

This study was reviewed and approved by the Ethics and Research Governance Office at the 

University of Southampton (reference: 61411). Prior to starting the study, participants were 

informed that the aim was to explore social anxiety symptoms during videoconferencing. 

Information regarding aims to study the placebo effect was withheld initially; however, on 

completing the study participants were fully debriefed and fully informed consent was sought a 

second time for use of their data. Participants were informed that they could decline to consent 

and their data would be destroyed. No participants withdrew their consent.  

6.2.2 ITSSAD procedure 

The protocol for the ITSSAD is available online (https://www.researchsquare.com/article/pex-

1649/latest)304. The paradigm begins with a 5-minute anticipation period. During this period, 

participants are shown the following instructions: 

“In 5 minutes you will take part in a social interaction online using videoconferencing software. 

Your task will be to take some time to get to know the other person as you normally would. Just be 

yourself. You can talk about anything you want other than this experiment. You will be watched by 

3 other experimenters who will be assessing your behaviour. We would like you to have your 

camera on during this interaction.” 

Following this period, participants enter a videoconference on Microsoft Teams 

(https://teams.microsoft.com)305. In the videoconference is an experimenter, and 3 other 

attendees: the ‘judging panel’ (Figure 6.1). The experimenter introduces themselves as the person 

the participant is tasked with ‘getting to know’. They also describe the judging panel as a group of 

‘experts’ who are there to monitor the actions of the participant and who will keep their cameras 

and microphones off for the duration of the social interaction. In truth, the judging panel are 

'dummy' accounts that the experimenter signs into on several other devices/browser windows 

and sets to mute. In a previous study of healthy male volunteers, there was no significant 

difference in physiological stress between those who completed the task in front of a visible 

panel, and those who completed the task while the panel was behind a one-way mirror306. This 

shows that the idea of a panel is sufficient to create a social-evaluative context and consequent 

https://www.researchsquare.com/article/pex-1649/latest
https://www.researchsquare.com/article/pex-1649/latest
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anxiety. In this way, it was possible to maintain a social-evaluative context with a single 

experimenter301. Further, due to research showing that a panel with a mix of genders causes more 

stress than a single-gendered panel307, the dummy accounts are named such that there are two 

apparently male and two apparently female ‘experimenters’ on the call. 

The experimenter then asks the participant to begin the social interaction task and starts a 5-

minute timer. To further reinforce social-evaluative threat, the experimenter also informs the 

participant that the interaction will be recorded for later review. The experimenter is briefed not 

to initiate conversation, instead allowing the participant to do so. If any silence lasts more than 30 

seconds, then the experimenter can prompt the participant with a series of short, scripted 

statements, e.g. “I have a sister”, or “I enjoy reading”. The experimenter is also instructed to give 

minimal feedback and to give succinct verbal responses to questions posed by the participant, 

similar to the judging panel in the original TSST196,299.  

In this study, on completion of the 5-minute task and after completing outcome measures, 

participants took part in a coached mindfulness exercise. Mindfulness strategies reduce post-

event processing in SAD, which is thought to be a maintenance factor in the disorder308,309. I 

therefore included this as a ‘mood repair’ for ethical reasons, in an attempt to prevent ongoing 

distress as a result of the ITSSAD task. 
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Figure 6.1 A mock-up of a videoconference in the ITSSAD as viewed by the participant. The 

experimenter and three ‘dummy’ accounts, introduced as a judging panel, are signed into the call. 
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6.2.3 Participants 

Participants were recruited from the community via a mixture of poster, online and social media 

adverts. Participants who were psychology students at the University of Southampton were 

offered course credits for taking part, otherwise no incentives were offered for other participants. 

Inclusion criteria were age 18-45 years and presence of sub-clinical to clinical social anxiety 

symptoms. Social anxiety symptoms were assessed through the social phobia inventory (SPIN): a 

validated 17-item self-rated questionnaire310. Participants with a SPIN of greater than 14 were 

included, as this cut-off can differentiate between those with no social anxiety symptoms and 

those with social anxiety of varying intensity. Participants were excluded if they: had any current 

psychiatric disorder other than social phobia; any history of psychosis or bipolar affective 

disorder; any significant physical illness; any change in treatment (either medical or psychological) 

in the preceding 8 weeks; or regularly used illicit substances. Findings from 20 of these 

participants have already been reported to demonstrate proof-of-concept of the ITSSAD 

paradigm301 (see accompanying documents). 

6.2.4 Experimental placebo procedure 

6.2.4.1 The sham treatment 

Placebo effects are maximal when verbal suggestions and learning are combined76,92,111,112. A 

challenge with including a sham treatment in this study was that the ITSSAD is carried out 

remotely. A further challenge was that the ITSSAD was a new task, and so the effect of repeated 

exposure to the task was unknown, and potentially a large confounder when attempting to 

develop a conditioning manipulation. Previous placebo studies have shown that verbal 

suggestions alone can induce significant placebo effects95,106,151,154. In a particularly relevant group 

of studies, an attempt was made to create a placebo psychotherapy311. In these studies, 

participants were shown an abstract video, such as a green circle moving across a screen. Prior to 

viewing the video, some participants received a psychological rationale for why this video should 

alter their emotional state. This included suggestions that the video caused ‘activation of early 

conditioned emotional schemata through the colour green’311. Participants who received this 

rationale exhibited significantly better mood and increased feelings of calmness compared with a 

control group who viewed the video with no suggestive rationale311. This demonstrates that 

verbal suggestions paired with an abstract stimulus can generate placebo effects on emotional 

state. For this study, I created a ‘sham’ placebo therapy by adapting a stock video 

(https://pixabay.com/videos/waves-smooth-gold-abstract-12916/) into a 5-minute abstract 

https://pixabay.com/videos/waves-smooth-gold-abstract-12916/
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animation showing a gold and black moving pattern (Figure 6.2). I used this ‘sham’ therapy to 

attempt to induce a placebo effect remotely via a webpage.  

 

Figure 6.2 Abstract black and gold pattern shown to participants as a placebo treatment. 

Adapted from (https://pixabay.com/videos/waves-smooth-gold-abstract-12916/). 

 

https://pixabay.com/videos/waves-smooth-gold-abstract-12916/
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6.2.4.2 Study design 

This was a parallel group randomised study assessing the effect of the ‘sham’ treatment (abstract 

video) given with a psychobiological rationale for improved anxiety compared with no rationale. 

The study design is summarised in Figure 6.3. I created a screening questionnaire and test session 

using the Qualtrics XM online survey software (https://www.qualtrics.com)312. Following 

screening, eligible participants were invited to attend a scheduled online test session. At the pre-

arranged time, participants were sent a personalised link to join the test session. The test session 

began with baseline questionnaires (see section 6.2.5.1). After completing these measures 

participants underwent the placebo intervention. 

Participants were randomised to one of two groups: placebo with psychobiological rationale for 

reduced anxiety (placebo group) or placebo with no rationale (control group). The randomisation 

sequence was generated by the Qualtrics software and applied at the relevant point in the survey 

flow. As a result, all experimenters were blind to allocation sequence. Participants randomised to 

the placebo group viewed a video of myself explaining that they were about to watch a video that 

is known to ‘stimulate areas of the brain associated with feelings of relaxation and reductions in 

anxiety’. They were then told that we wanted to test whether this abstract video could reduce 

anxiety during a subsequent social interaction. Participants were asked to fully engage with the 

‘treatment’ to derive the most benefit. In contrast, participants in the control group were told 

that they were in the control group, and that participants randomised to the other group were 

receiving an experimental intervention. They were then told they were about to view an abstract 

video as a placeholder to ensure the experiment was the same duration for both groups. The 

abstract animation depicted in Figure 6.2 was then shown on the screen for 5 minutes to all 

participants. See Appendix F for the full treatment instructions for both groups. 
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Figure 6.3 Schematic of the placebo anxiolysis paradigm. After baseline measures (pre-

treatment), participants were randomised to either placebo (with treatment 

rationale) or control (video as a placeholder) groups. After viewing the abstract video 

for 5 minutes, participants underwent the ITSSAD.  

Abbreviations: SIAS, social interaction anxiety scale; Brief FNE, brief fear of negative 

evaluation scale; GAD-7, generalised anxiety disorder 7-item; PANAS, positive and 

negative affect schedule; VAS, visual analogue scale; ITSSAD, InterneT-based Stress 

test for Social Anxiety Disorder; SPS, subjective perception of speech performance 

scale. 
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Following the placebo intervention, participants underwent the ITSSAD as described above. Since 

the participants had already seen a video that included me, my presence could have been a 

confounder during the social interaction. Therefore, an independent experimenter conducted the 

videoconference. To eliminate bias in the way the videoconference was executed, I blinded the 

experimenter to treatment assignment. 

6.2.5 Measures 

6.2.5.1 Baseline measures 

To check whether groups were balanced for potential confounding trait characteristics, 

participants completed the following questionnaires to assess baseline anxiety and personality:  

• Social Interaction Anxiety Scale (SIAS)313: A validated 20-item self-report questionnaire 

assessing anxiety of general social interaction. 

• Brief Fear of Negative Evaluation Scale (Brief FNE)314: A validated 12-item self-report 

questionnaire assessing anxiety regarding evaluation by others. 

• A modified version of the generalised anxiety disorder 7-item (GAD-7)274, where each 

question was represented by a visual analogue scale ranging from “not at all” to “nearly 

every day”. This version of the GAD-7 has been shown to be sensitive to state changes in 

anxiety with high resolution192,262,263. Further, the GAD-7 questionnaire also captures 

social anxiety symptoms with good sensitivity315. 

6.2.5.2 Expectations 

Expectations were assessed after receiving the rationale for the placebo (verbal suggestions) and 

before receiving the ‘sham’ treatment. Participants were asked to rate on a visual analogue scale 

(coded as 0 – 100) how effective they thought the video would be at reducing their anxiety. This 

scale ranged from “not at all” to “very much”. 

6.2.5.3 ITSSAD outcome measures 

Subjective anxiety and mood were measured at pre-treatment baseline, after the anticipatory 

period, and after the social interaction task. At all three timepoints, participants completed the 

modified GAD-7 with visual analogue scales as described above, with an additional instruction to 

consider their anxiety over the past 5 minutes. Additionally, participants completed the Positive 

and Negative Affect Schedule (PANAS)280 as a measure of subjective mood at all three timepoints. 

Finally, after the social interaction task, participants also completed the subjective perception of 
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speech performance scale (SPS)316. This scale is a validated self-report questionnaire that allows 

measurement of subjective beliefs about performance during the social interaction. 

6.2.6 Statistical analysis and power calculation 

My outcome of interest was the change in subjective anxiety over the course of the experiment. I 

hypothesised that the placebo group would exhibit reduced anxiety following the anticipatory 

period and following the social interaction task compared with the control group. 

Due to the novelty of the method, it was unknown what the effect size of the placebo in this 

paradigm might be. It is likely the effect size of a placebo manipulation based on verbal suggestion 

alone is lower than one that combines verbal suggestions and conditioning112. Therefore, the 

minimum meaningful effect to detect is likely to be lower than the effect sizes discussed in 

Chapter 5. In a previous study, placebo effects on anxiety were induced by verbal suggestion 

alone with an effect size of d = 0.91159. No other experimental placebo studies explicitly 

attempting to induce placebo anxiolysis have reported effect sizes for the placebo. However, in 

other relevant experimental placebo studies on emotion (e.g. sadness, unpleasantness), effect 

sizes ranged from d = 0.59 to 1.19, with only one study reporting an effect size less than d = 

0.6595,152,156,157,311. I aimed for a minimum sample of 76 participants, which provides 80% power to 

detect d > 0.65 at an alpha of 0.05.  

Statistical analyses were carried out using the afex, emmeans, and performance packages in R 

(https://CRAN.R-project.org/package=afex; https://CRAN.R-project.org/package=emmeans; 

https://CRAN.R-project.org/package=performance)317-320. Baseline characteristics were compared 

between groups with independent samples t-tests for continuous data or chi-squared tests for 

dichotomous data. Subjective perception of speech performance and expectations were assessed 

between groups through an independent samples t-test.  

Change in anxiety and mood over time were assessed through linear mixed effects models. I 

chose to analyse the data through linear mixed effects modelling as this allows greater retention 

of data when repeated measures are unbalanced, e.g. due to dropouts during the study205. In this 

study, some participants dropped out before completing the social interaction task (see section 

6.3.1). In a repeated measures ANOVA model, these participants’ data would be excluded 

entirely. By contrast, in a linear mixed effects model these data points can be retained. In all 

models, time, group and their interaction were included as fixed effects, while participant was 

included as a random effect. The drivers of significant effects were assessed through post-hoc 

pairwise comparisons. Significance values for post-hoc comparisons were adjusted via the Tukey 

method. 

https://cran.r-project.org/package=afex
https://cran.r-project.org/package=emmeans
https://cran.r-project.org/package=performance
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I also fitted exploratory models that included expectation as an effect. The purpose was to assess 

whether participants’ beliefs about the ‘sham’ treatment influenced subsequent anxiety. To do 

so, I fitted three models per outcome measure (modified GAD-7, PANAS positive and PANAS 

negative). All models included participant as a random effect, but fixed effects varied in 

complexity. The most complex model included all three-way interactions between time, group 

and expectation. The next most complex model included time*group and time*expectation 

interactions. Finally, the simplest model included no interaction terms: only time, group and 

expectation as fixed effects. I then compared each model to assess which explained the data best. 

Assessment criteria included change in Akaike Information Criterion (AIC), Bayesian Information 

Criterion (BIC), R2, deviance, and the results of chi-squared tests assessing whether change in 

deviance was significant. I assessed the models from least complex to most complex: i.e. whether 

the addition of each interaction term provided significant improvement over the simpler model. If 

the more complex models provided significant improvement, this would suggest expectation 

might significantly influence the outcome at different timepoints, and this might differ between 

groups. Where the model containing interaction effects performed best, these interaction effects 

were further explored through post-hoc simple slope analysis to assess the covariate trend of 

expectation on the slope of outcome variable vs time. Significance values for post-hoc 

comparisons were adjusted via the Tukey method. Prior to fitting each model, expectation was 

centred on the mean to allow valid interpretation of interaction effects.  

6.3 Results 

6.3.1 Baseline Characteristics 

I recruited 76 participants: 38 were randomised to placebo and 38 to the control group (Figure 

6.4). Baseline characteristics for each group are summarised in Table 6.1. There were no 

significant differences between groups in baseline demographics or personality trait variables.  

Two participants in the placebo group did not complete any outcome measures or the social 

interaction task and so could not be included in the analysis. One further participant dropped out 

before the anticipation period. In the control group, two participants withdrew before the 

anticipation period, one withdrew after the anticipation period, and one could not complete the 

social interaction task due to technical difficulties. Data recorded up until these participants 

withdrew were included in the linear mixed effects models reported below. 
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Figure 6.4 CONSORT flow diagram 
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Table 6.1 Baseline characteristics. Values are mean ± SD for continuous variables and count (%) for 
dichotomous variables. 

 Placebo  Control  Test statistic p value 
N 38 38   

Age 19.05 ± 1.29 19.18 ± 1.61 t(74) = 0.39 0.695 

Females 34 (89.5%) 36 (94.7%) Fisher’s exact  0.674 

SPIN 38.11 ± 12.56 37.61 ± 11.49 t(74) = 0.18 0.857 

Brief FNE 32.61 ± 5.94 34.18 ± 5.33 t(72) = 1.20 0.234 

SIAS 42.56 ± 12.94 41.55 ± 13.96 t(72) = 0.32 0.750 

Modified GAD-7 247.72 ± 133.64 259.39 ± 130.27 t(72) = 0.38 0.705 

Abbreviations: SPIN, Social Phobia Inventory; Brief FNE, Brief Fear of Negative Evaluation Scale; SIAS, 
Social Interaction Anxiety Scale; GAD-7, Generalised Anxiety Disorder 7-item. 
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6.3.2 Expectations 

There was a significant difference in expectation between groups after receiving the verbal 

suggestions, with the placebo group reporting higher expectations (mean difference = 13.40, t(72) 

= 2.69, p = 0.009). However, it should be noted that although expectations were statistically 

different between groups, this was numerically small (13 out of 100), and expectations were 

generally low. Furthermore, there was one participant in the placebo group who reported a very 

high expectation in comparison to other participants. If the data are considered without this 

outlier then the distribution in both groups is similar, suggesting this datapoint might be skewing 

the results. See Figure 6.5. 

 

Figure 6.5 Violin and boxplots showing expectations in each group. Mean expectations were 

significantly higher in the placebo group. 
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6.3.3 ITSSAD outcome measures 

Anxiety and mood measures were assessed through linear mixed effects models with time, group 

and time*group as fixed effects and participant as a random effect.  

6.3.3.1 Anxiety 

With modified GAD-7 as the dependent variable, the model’s total explanatory power was 

substantial (conditional R2 = 0.59) and the explanatory power of the fixed effects alone (marginal 

R2) was 0.12. There was a significant effect of time (F(2,138.15) = 26.75, p < 0.001), but no significant 

effect of group (F(1,72) = 1.43, p = 0.236) or time*group interaction (F(2,138.15) = 0.70, p = 0.498). The 

effect of time was driven by increased anxiety following the anticipatory period and following the 

social interaction task compared with pre-treatment in both groups (t’s > 3.5, ptukey’s ≤ 0.002). 

There were no significant differences between the groups at any timepoint. See Figure 6.6 and 

Table 6.2. 

6.3.3.2 Mood 

Separate models were calculated for positive affect and negative affect. For positive affect, the 

model’s total explanatory power was substantial (conditional R2 = 0.67) and the explanatory 

power of the fixed effects alone (marginal R2) was 0.07. There was a significant effect of time 

(F(2,135.63) = 17.74, p < 0.001), but no effect of group (F(1,70.74) = 1.24, p = 0.270) or time*group 

interaction (F(2,135.63) = 0.19, p = 0.826). In both groups positive affect decreased over the course of 

the experiment (t’s > 2.86, p’s ≤ 0.05). For negative affect, the model’s explanatory power was 

also substantial (conditional R2 = 0.57) and the explanatory power of the fixed effects alone 

(marginal R2) was 0.06. There was a significant effect of time (F(2,135.58) = 15.72, p < 0.001), but no 

effect of group (F(1,70.03) = 0.115, p = 0.735) or time*group interaction (F(2,135.58) = 0.183, p = 0.833). 

The effect of time was driven by a significant increase in negative affect from pre-treatment 

baseline to post-anticipation and remained elevated post-speaking task in both groups (t’s > 2.9, 

ptukey’s < 0.05). There were no differences between groups in either positive or negative affect at 

any timepoint. 

 

 



Chapter 6 

123 

 

Figure 6.6 Estimated marginal means and 95% confidence intervals for modified GAD-7 scores 

over time in the placebo and control groups. 
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Figure 6.7 Estimated marginal means and 95% confidence intervals for PANAS positive affect 

scores over time in the placebo with and without expectation groups. 
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Figure 6.8 Estimated marginal means and 95% confidence intervals for PANAS negative affect 

scores over time in the placebo with and without expectation groups. 
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Table 6.2 Summary of post-hoc pairwise comparisons of ITSSAD outcomes. There were no significant 
differences between groups at any timepoint. Therefore, only changes within groups are 
presented. Values are estimated mean difference ± standard error. 

  Placebo Control 

 Comparison Estimate Statistics Estimate Statistics 

Modified 
GAD-7 

Post-anticipation –  
Pre-treatment 104.2 ± 25.3 t(138) = 4.11, 

ptukey < 0.001 130 ± 24.9 t(139) = 5.22, 
ptukey < 0.001 

Post-social interaction – 
Pre-treatment 115.5 ± 25.3 t(138) = 4.56, 

ptukey < 0.001 99.3 ± 25.4 t(140) = 3.91, 
ptukey = 0.002 

PANAS 
Positive 

Post-anticipation –  
Pre-treatment -2.84 ± 0.99 t(136) = 2.86, 

ptukey = 0.054 -3.00 ± 0.99 t(138) = 3.03, 
ptukey = 0.033 

Post-social interaction – 
Pre-treatment -3.64 ± 0.99 t(136) = 3.67, 

ptukey = 0.005 -4.46 ± 0.99 t(139) = 4.47, 
ptukey < 0.001 

PANAS 
Negative 

Post-anticipation –  
Pre-treatment 3.72 ± 1.09 t(137) = 3.41, 

ptukey = 0.011 4.12 ± 1.08 t(139) = 3.80, 
ptukey = 0.003 

Post-social interaction – 
Pre-treatment 3.78 ± 1.09 t(137) = 3.46, 

ptukey = 0.009 3.24 ± 1.09 t(139) = 2.96, 
ptukey = 0.042 

Abbreviations: GAD-7, Generalised Anxiety Disorder 7-item; PANAS, Positive and Negative Affect Schedule 
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6.3.3.3 Subjective perception of speech performance 

Subjective perception of performance during the social interaction task was assessed immediately 

after task completion. There was no significant difference in scores on this scale between the 

groups (mean difference = 0.576, t(67) = 0.225, p = 0.823). 

 

Figure 6.9 Violin and boxplots showing subjective perception of speech performance in each 

group. Higher values indicate better subjective performance. There was no significant 

difference between the groups. 

 



Chapter 6 

128 

6.3.4 Exploratory analysis 

To explore whether expectations had any effect on ITSSAD outcomes, I fitted exploratory linear 

mixed effects models that included expectations as a fixed effect. For each outcome variable I 

calculated three models that included time, group and expectation as fixed effects and participant 

as a random effect with: all three-way interactions, two-way interactions, and no interactions. I 

compared each of these models to see which explained the data best (Table 6.3).  

 

Table 6.3 Performance of exploratory linear mixed effects models to predict ITSSAD outcomes with 
expectations included as a predictor variable. Three models were compared for each outcome 
variable. Formulas for each model are included in the notes below. The winning model is 
highlighted in bold. 

  AIC BIC R2c R2m Deviance χ2 df p 

Modified 
GAD-7 

Model 1a 2683.479 2707.041 0.597 0.148 2669.479    

Model 2b 2663.322 2700.347 0.595 0.152 2641.322 28.158 4 <0.001 

Model 3c 2642.917 2690.040 0.610 0.166 2614.917 26.405 3 <0.001 

PANAS 
Positive 

Model 1a 1334.397 1357.926 0.679 0.226 1320.397    

Model 2b 1337.136 1374.110 0.685 0.233 1315.136 5.261 4 0.262 

Model 3c 1337.987 1385.045 0.688 0.249 1309.987 5.149 3 0.161 

PANAS 
Negative 

Model 1a 1360.026 1383.555 0.576 0.109 1346.026    

Model 2b 1365.751 1402.726 0.573 0.112 1343.751 2.275 4 0.685 

Model 3c 1366.379 1413.437 0.578 0.132 1338.379 5.372 3 0.146 

a time + expectation + group + (1|participant) 

b time + expectation + group + time*group + time*expectation + (1|participant) 

c time + expectation + group + time*group + time*expectation + time*expectation*group + (1|participant) 
Abbreviations: GAD-7, Generalised Anxiety Disorder 7-item; PANAS, Positive and Negative Affect Schedule; AIC, Akaike 
information criterion; BIC, Bayesian information criterion; R2c, conditional R2; R2m, marginal R2; df, degrees of freedom 
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With modified GAD-7 as the dependent variable, the addition of all three-way interactions 

provided significant improvement when compared with the simpler model. Within this model, 

there was a significant effect of time (F(2,134.67) = 19.58, p < 0.001) and of expectation (F(1,69.35) = 

4.43, p = 0.039). Interestingly, the relationship between modified GAD-7 and expectation was 

positive (estimate = 33.222 ± 15.777, t(69.35) = 2.11, p = 0.039). Other effects were not significant, 

although group (F(1,70.53) = 3.29, p = 0.074) and time*expectation*group (F(2,133.59) = 2.77, p = 0.066) 

approached significance. Further post-hoc exploration showed that anxiety significantly increased 

from pre-treatment to post-anticipation and remained elevated following the social interaction 

(t’s > 3.40, ptukey’s < 0.010), with no significant differences between the groups at any timepoint. 

Post-hoc simple slope analysis revealed that estimates of the gradient of the slope of expectation 

versus modified GAD-7 did not significantly differ between groups at any timepoint (t’s ≤ 1.60, 

ptukey’s ≥ 0.599). See Table 6.4. 

 

Table 6.4 Summary of post-hoc simple slope analysis of the slope of expectation versus modified GAD-7. 
There were no significant differences between groups at any timepoint. Values are estimated 
difference in gradient of the slope ± standard error between groups (with reference to the 
placebo group). 

Timepoint Estimated difference Statistics 

Pre-treatment -22.08 ± 37.89 t(130.56) = 0.58, ptukey = 0.992 

Post-anticipation 61.16 ± 38.20 t(132.61) = 1.60, ptukey = 0.599 

Post-social interaction 41.45 ± 38.27 t(133.15) = 1.08, ptukey = 0.887 

Abbreviations: GAD-7, Generalised Anxiety Disorder 7-item 
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With mood was the dependent variable, more complex models did not provide significant 

improvement over the simplest models with no interactions. In the model predicting positive 

affect, the effect of time was again significant (F(2,137.87) = 18.02, p < 0.001), driven by a reduction 

in positive affect in both groups over the course of the experiment (t’s > 4.19, ptukey’s < 0.001). The 

effect of expectation was also significant and positively predictive of positive affect (estimate = 

3.014 ± 0.669, t(68.52) = 4.51, p < 0.001). In the model predicting negative affect, the effect of time 

was also significant (F(2,138.03) = 15.91, p < 0.001), driven by increased negative affect in both 

groups over the course of the experiment (t’s > 4.56, ptukey’s < 0.001). The effect of expectation 

was again significant and positively predictive of negative affect (estimate = 1.498 ± 0.667, t(68.23) = 

2.24, p = 0.028). 

All analysis code and full results are reproduced in Appendix G. 

6.4 Discussion 

The aim of this study was to determine whether placebo anxiolysis could be induced remotely in 

non-treatment-seeking volunteers with symptoms of social anxiety. I used a new paradigm that I 

developed (the ITSSAD) as the anxiogenic stimulus. The results confirmed that the ITSSAD 

significantly induces anxiety and negative affect, and reduces positive affect301. However, the 

placebo had little effect on the outcome, with both groups exhibiting similar scores and change in 

scores over time. Exploratory analyses showed that interactions between expectations, time and 

group were not significant. Where the effects of expectation were significant, these were 

positively predictive of outcome, regardless of positive or negative valence of the outcome 

variable. This suggests that participants who generally rated higher on the questionnaires also 

rated higher on expectation, possibly reflecting response bias such as extreme responding or 

acquiescence321. In sum, the ‘sham’ treatment seemed to have little effect on anxiety induced by 

the ITSSAD. 

6.4.1 Potential explanations for a lack of placebo anxiolysis 

6.4.1.1 Low pre-treatment expectations 

Although mean pre-treatment expectation was statistically significantly higher in the placebo 

group compared with the control group, the numerical difference was small (13 out of 100). This 

mean difference between groups could potentially be even lower if the data are considered 

without an outlier present in the placebo group. Nevertheless, even if the verbal suggestions 

conferred some pre-treatment expectations, these were generally low: mean expectation was 
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33.50 out of 100. Pre-treatment expectations or expectancies of therapeutic benefit are known to 

be crucial in producing a placebo effect76,100. However, the data suggest that the treatment as 

presented in this study was not credible. Some previous studies exploring placebo effects on 

emotion have paired verbal suggestions with written information to strengthen the credibility of 

the ‘sham’ treatment95,159. By contrast, the information given to participants in the current study 

consisted only of a short video of myself presenting a putative psychobiological rationale for 

therapeutic benefit. Perhaps additionally providing (or displaying) written information sheets 

about the treatment would have strengthened its credibility for participants. I am not aware of 

any research comparing the capability of verbal or written information, or their combination, to 

induce pre-treatment expectations and subsequently placebo effects. This is a potential future 

research direction. 

6.4.1.2 Aspects of the ‘sham’ therapy 

An abstract video has been used as a ‘sham’ therapy previously in a series of three studies311. 

These studies demonstrated significant effects of the placebo on positive mood, calmness and 

perceived stress311. Importantly, these studies employed two placebo conditions: ‘placebo only’ 

and ‘placebo plus’. The largest effects were seen in the ‘placebo plus’ condition311. The difference 

between these groups was the manner of the experimenter. In the ‘placebo only’ condition, the 

experimenter read the rationale for the treatment off a page, was impersonal, and appeared 

rushed. By contrast, in the ‘placebo plus’ condition, the experimenter came across as empathic, 

enthusiastic about the treatment, and keen to answer the participant’s questions311. In the 

current study, I was concerned that a baseline ‘social interaction’ with an experimenter could 

confound the outcome of the social interaction that occurs in the ITSSAD. I instead chose to pre-

record a video in which I gave the participants verbal suggestions of improvement. However, this 

delivery method likely mimicked the ‘placebo only’-type experimenter described above311. The 

participant could not ‘interact’ with me in the video and could not ask questions. It is thought that 

the relationship with the practitioner is important for placebo effectiveness and health outcomes 

in general322. For example, placebo effects are larger when sham acupuncture is administered by 

an empathic and validating practitioner compared with a cold, rushed practitioner in patients with 

irritable bowel syndrome323. Interestingly, results from a recent study suggest that even a 

simulation of an empathic and interactive practitioner can promote a placebo response. A 

placebo analgesic treatment was introduced to healthy volunteers by a ‘virtual experimenter’, 

which comprised text on a screen accompanied by recorded audio. Importantly, participants 

interacted with this experimenter, by answering yes/no questions and having the opportunity to 

ask a question from a list of ‘frequently asked questions’. The placebo led to significant reductions 

in pain resulting from hand immersion in hot water compared with pre-treatment and compared 
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with a ‘no treatment’ group324. It is possible that the efficacy of the placebo was reduced in the 

current study by the lack of opportunity for interaction with the practitioner. Further research is 

needed to explore whether interaction with a similar ‘virtual experimenter’ could promote 

placebo effects in a remote setting. 

Another important consideration is dose. The ‘sham’ therapy was given as a single dose in this 

study. In the previous studies using a ‘sham’ abstract video, participants were encouraged to view 

the video as often as possible between assessment visits311. If participants had viewed the placebo 

at stressful times, and subsequently felt relaxed, this could have reinforced the verbal suggestions 

of efficacy through conditioning76. This notwithstanding, placebos show dose effects independent 

of conditioning325. For example, two placebo pills cause greater subjective feelings of drowsiness 

or alertness than a single pill administered to healthy volunteers before attending a one hour 

lecture326. It is possible that repeated dosing might have enhanced the efficacy of the placebo in 

the current study. 

Finally, treatment adherence has been shown to be a predictor of placebo effects on ‘wellbeing’ 

in healthy volunteers327. However, whether participants were adherent with the ‘therapy’ in the 

current study is unknown. Participants were prompted with instructions that the more attention 

they paid to the stimulus the more benefit they would derive. However, I have no measure of 

engagement with the therapy or with the screen during the 5-minute treatment period. 

Adherence in the case of viewing a video on instruction could be appraised as a measure of 

therapeutic alliance. Therapeutic alliance is known to be related to treatment outcome, certainly 

with psychotherapy328-331. Further, at least one study has demonstrated that therapeutic alliance 

might be important in placebo antidepressant effects. In a double-blind RCT comparing 

escitalopram with placebo in 42 patients with depression, increased therapeutic alliance 

predicted reduced symptoms at week 4 in the placebo group but not in the medication group332. 

Speculatively, it is possible that poor therapeutic alliance was a factor in the current study. 

However, I do not have the data to confirm or refute this possibility. 

6.4.1.3 The context 

A treatment is administered not in isolation but within a given context. This context encompasses 

external and internal cues. External cues include verbal suggestions of improvement from the 

practitioner, treatment cues such as a pill or medical device, and place cues such as a clinical trials 

facility or doctor’s office101. Internal cues include previous experiences of treatment, meaning 

schema, and emotional state101. It is thought that the interpretation of this context produces 

expectations that cause placebo effects: they are considered the ‘active ingredients’ of placebo 

effects101.  
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Previous experimental placebo studies on affect have involved conditioning or giving suggestions 

about a treatment in a clinical or laboratory setting91,94,95,152,155,156,158,159. However, in the current 

study, participants were in their own home. A contextual cue that might be important for inducing 

placebo effects was not present as a result. I am not aware of any studies that have assessed 

whether placebos are less efficacious when administered in a non-clinical setting. If so, then this 

could have important implications for the efficacy of self-administered treatments, such as self-

help or neurostimulation treatments (e.g. transcranial direct current stimulation333). How 

different settings might affect placebo efficacy should be explored in future studies. 

6.4.1.4 Anxiety is predictive of reduced placebo effect or nocebo effect 

A final consideration is that it might be challenging to reliably generate placebo effects in 

experimentally-induced anxiety. Only one paradigm has previously been developed with the aim 

of explicitly inducing placebo anxiolysis. Sham ‘intranasal lorazepam’ or ‘laughing gas’ reduced 

subjective fear and skin conductance responses to possible electric shock in three related studies, 

but this was regardless of threat cue158,159. It is therefore unclear whether this truly represents 

placebo anxiolysis or another phenomenon. Other experimental placebo studies on emotion have 

not involved experimental induction of anxiety91,94,95,152,155,156. However, increased state anxiety is 

known to reduce placebo, and increase nocebo, effects on pain and itch109,148-151,334,335. Pertinently, 

inducing stress via the TSST increases nocebo effects on experimental pain in healthy 

volunteers336. It has been suggested that changes in affect could mediate placebo effects: being 

given a placebo might reduce negative emotions, leading to reduced impact of bodily 

sensations147,264. Perhaps inducing high intensity negative emotions after administering a placebo 

interferes with this process. Supporting this, nocebo hyperalgesia is more resistant to extinction 

than placebo analgesia, and this resistance to extinction is mediated by heightened autonomic 

arousal335. The suggestion that it is not possible to reliably produce placebo effects during 

experimental induction of anxiety is additionally relevant to the previous chapter and is discussed 

further in Chapter 7.  

6.4.2 Limitations 

There are some limitations of this study. First, the majority of participants were female (92%). 

Since there were few males, it was not possible to assess for an effect of gender on placebo 

response or subjective anxiety. Compared with males, females tend to display higher subjective 

stress reactivity337,338. Both groups were well-balanced in numbers of females and males, but it is 

unknown whether my results would replicate in a more male-predominant sample. Second, I did 

not collect any physiological measures. It is possible that placebo effects might have been 
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detectable within physiological measures such as heart rate, blood pressure or skin 

conductance158,159. Due to the remote nature of the study, collecting such measures was 

challenging, but not impossible. For example, in recent studies of remotely delivered TSSTs, 

participants have been asked to use self-administered ECG monitors or their smartphone to 

measure heart rate339,340. Such additions should be considered for future studies employing the 

ITSSAD paradigm. Third, I did not include a low socially anxious group of participants. It is possible 

that in those with low levels of social anxiety the placebo might have been more or less 

efficacious. Finally, I did not measure natural recovery after the ITSSAD task, instead providing a 

‘mood repair’ to prevent ongoing distress. Post-event processing is understood to be an 

important element in maintenance of SAD341,342. Since I did not measure post-event processing or 

natural recovery, it is unknown whether the placebo affected these processes. Further studies 

should explore this, as narratives regarding attribution of subjective symptom improvement to 

the ‘treatment’ or otherwise might partially explain placebo efficacy343. 

6.5 Concluding comments 

In summary, there was no evidence that placebo effects could be induced in the ITSSAD paradigm. 

On average, changes in subjective anxiety and mood were similar in both groups at all timepoints. 

Exploratory analyses suggested that expectations did not interact with subjective measures of 

anxiety and mood. The lack of placebo effect might be due to a cold, impersonal ‘practitioner’ 

(video of me briefly giving rationale for the sham treatment) or other features of the treatment 

context such as single dose and the non-clinical setting. Another possibility is that experimental 

anxiety induction actively interferes with the placebo effect by preventing reductions in negative 

emotions. Further studies are needed to explore these possibilities. 
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Chapter 7 Overall Discussion 

The central aim of this thesis was to extend understanding of the mechanisms of placebo effects 

in gambling, depressive, and anxiety disorders. The research presented demonstrates an attempt 

to study the mechanisms of placebo effects through an analysis of clinical trial data, a synthesis of 

the current literature, and through development of novel experimental paradigms in healthy 

volunteers. In this chapter, I summarise the principal findings from this research, their 

implications, and future research directions. 

7.1 Thesis summary 

First, I aimed to identify predictors of placebo response in gambling disorder, and whether these 

differed from predictors of medication response (Chapter 3). I carried out a secondary analysis of 

pooled patient-level data from six placebo-controlled trials of gambling disorder. Previous studies 

of this kind have dichotomised patients into ‘responders’ and ‘non-responders’, but doing so can 

result in bias. Instead, I analysed treatment response as a linear outcome variable to retain 

maximum information regarding its relationship with predictor variables. I found that predictors 

of placebo response differed from medication response. Placebo response was associated with 

decreased baseline symptoms of anxiety, increased baseline symptoms of depression, and non-

Caucasian ethnicity. Conversely, medication response was associated with increased number of 

weeks completed in the trial and increased baseline severity of gambling symptoms.  

Next, I synthesised current knowledge of functional neuroimaging correlates of placebo 

antidepressant and anxiolytic responses and identified hypotheses to be tested in future studies 

(Chapter 4). I carried out a systematic review of the neuroimaging literature, which yielded twelve 

and four articles that reported correlates of placebo antidepressant and anxiolytic responses, 

respectively. Qualitative synthesis of the research findings suggested that the rostral anterior 

cingulate cortex and default mode network, the ventral striatum, orbitofrontal cortex and 

dorsolateral prefrontal cortex might be important anatomical regions in these placebo responses. 

Findings regarding amygdala involvement were less consistent. Additionally, there was evidence 

for involvement of endogenous opioids, dopamine, and serotonin. Comparatively little research 

has been conducted in this field, as opposed to placebo analgesia, for example129,183. Indeed, lack 

of longitudinal imaging and poor control of potential confounds like order effects meant that 

conclusions regarding causality could not be made.  
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There is additionally only limited research exploring placebo mechanisms on emotion that has 

been carried out in healthy volunteers. Those studies that have been conducted have been 

affected by confounders, and it is unclear whether they induced placebo effects on clinically 

relevant features. In two studies, I sought to develop novel placebo paradigms within 

experimental models of clinical anxiety.  

First, I created a novel placebo paradigm in the 7.5% CO2 inhalational model of generalised 

anxiety (Chapter 5). This procedure combined verbal suggestions and conditioning to maximise 

the potential for a placebo effect. Although the sample size was small, group-level analysis 

demonstrated no statistically significant difference between the placebo group and a control 

group that did not undergo conditioning. Post-hoc computation of effect sizes showed that 

placebo conditioning conferred small effects on anxiety. Interestingly, an exploratory analysis 

revealed a trend association between increased expectations following conditioning and reduced 

reactivity to CO2 inhalation in subjective measures only. Finally, there were a number of 

participants who exhibited increased CO2 reactivity following conditioning (including some with 

high expectations), possibly reflecting a nocebo effect rather than placebo. Overall, the findings 

suggest that the 7.5% CO2 inhalational model of generalised anxiety disorder cannot be relied 

upon for inducing placebo effects in healthy volunteers.  

Second, I tested whether placebo effects could be remotely induced in volunteers with social 

anxiety symptoms in a modified TSST delivered online (the ITSSAD) (Chapter 6). Anxiety induced 

by the ITSSAD is associated with baseline levels of social anxiety symptoms301, suggesting this is a 

clinically relevant paradigm. Participants were introduced to a ‘sham’ psychological treatment 

accompanied by verbal suggestions that this would lead to ‘feelings of relaxation’ and reduced 

anxiety. These suggestions conferred a numerically small but statistically significant increase in 

expectation in the placebo group compared with the control group that did not receive verbal 

suggestions. Despite this, there was no difference in subjective anxiety or mood between groups 

at any timepoint during the ITSSAD. Exploratory analyses suggested no interactions between 

expectations and group on the outcome. The findings suggest it is not possible to remotely induce 

placebo effects in the ITSSAD paradigm. 

7.2 Implications for research 

7.2.1 Research into placebo mechanisms in psychiatric disorders 

The psychoneurobiological mechanisms of placebo effects in psychiatric disorders, in what 

situations they are activated, and in which individuals this occurs, remain poorly understood56. My 



Chapter 7 

137 

findings in this thesis highlight important gaps in the literature and challenges with addressing 

these. This has important implications for future research. 

7.2.1.1 Neuroimaging of placebo effects 

When systematically reviewing the literature, I found research highlighting neuroanatomical 

regions and neurotransmitter systems potentially involved in placebo antidepressant and 

anxiolytic effects (Chapter 4). To date, this neuroimaging research has been mostly correlational 

in nature rather than exploring causality. Furthermore, many papers comprised secondary 

analyses of already collected data, resulting in under-powered studies with potential for effects to 

appear more localised than they should and estimates of effect size to be biased344. Studies that 

did explore causality were affected by confounds such as order effects. Nevertheless, my findings 

from the review generate a number of important hypotheses for the field (see future research 

directions below), which if explored could lead to a detailed understanding of relevant biomarkers 

similar to our understanding of placebo analgesia76,101. Such understanding has led to hypothesis-

driven identification of key brain and psychological determinants of placebo effects in patients 

with chronic pain266.  

In future, neuroimaging studies will need to be adequately powered and specifically designed to 

investigate the placebo effect in psychiatric disorders. This presents a challenge, as the effect size 

of placebo on putative biomarkers is largely unknown. Estimating potential effect sizes from 

thoroughly researched areas like placebo analgesia or basing power calculations on minimally 

clinically meaningful effect sizes are two strategies that potentially address this. Further study to 

identify the optimal approach is needed. 

7.2.1.2 Discovery research using experimental models 

Although placebo effects in clinical trials of psychiatric disorders are large, it is not feasible to 

carry out all placebo research in patients. To explore placebo effects, a placebo needs to be 

administered, usually in place of an active treatment. If the active treatment is known to be 

beneficial then this raises ethical questions regarding withholding of effective treatment. By 

contrast, if the efficacy of the active treatment is uncertain then use of a placebo control is more 

easily justified ethically, but could potentially lead to a reduction in observed placebo effects75,184. 

Experimental manipulation to maximise placebo effects in healthy volunteers is likely to increase 

the probability of detecting relevant mechanisms75, potentially leading to improved 

understanding of the psychoneurobiology of placebo effects in psychiatric disorders. 

Research to date has attempted to model placebo effects in relevant emotional states such as 

sadness95,152 or anxiety via threat of shock158,159. However, whether findings from these models 
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are relevant in patients is unclear. Sadness alone probably does not encompass the totality of 

clinical major depression: for example, there is evidence that dysfunctional cognitions occur 

during sad mood only in those vulnerable to clinical depression171. Likewise, threat of shock 

induces functional anxiety as opposed to the dysfunction seen in anxiety disorder172. Experimental 

medicine models, by contrast, induce features resembling the dysfunctional symptoms seen in 

psychiatric disorder39,40. The use of such models in placebo research might allow discovery of 

clinically relevant mechanisms. 

I attempted to induce placebo effects in two clinically relevant anxiety paradigms: the 7.5% CO2 

inhalational model of generalised anxiety and the ITSSAD. However, I found that these models 

were not conducive to reliable induction of placebo effects. A prospect that needs to be 

considered is that it is challenging to consistently elicit placebo effects on experimentally-induced, 

clinically-relevant anxiety. Placebo effects are reduced, and nocebo effects increased, on pain and 

itch by increased state anxiety109,148-151,334-336. Further, elevated autonomic arousal appears to be 

important in the persistence of nocebo hyperalgesia335. Unregulated autonomic arousal is a key 

marker of transition between functional and pathological anxiety345. Given this, it is noteworthy 

that the only successful induction of placebo effects on experimentally-induced anxiety has 

occurred in the threat of shock paradigm158,159. The effects of threat of shock on autonomic 

measures, such as heart rate and skin conductance responses, are mixed165,346. Conversely, 

inhalation of air enriched with 7.5% CO2 reliably induces heightened autonomic arousal 

measurable via increased skin conductance levels, heart rate, and blood pressure191,192,195,262,288. 

The effects of the ITSSAD on autonomic arousal are unknown, but the TSST on which it is based 

also reliably induces autonomic arousal196,347. Perhaps these models’ actions on prefrontal cortex 

lead to unregulated autonomic arousal289. If so, this might further explain the poor induction of 

placebo effects in these paradigms, as prefrontal cortex activity is necessary for generating a 

placebo effect291,292. The resulting hypothesis is that inducing autonomic arousal might hinder 

conversion of conditioning into a placebo effect. If so, this presents a challenge for future 

research into the mechanisms of placebo anxiolysis. 

If the presence of autonomic arousal does inhibit this conversion, it might be possible to 

overcome this through maximising the effect of conditioning. Several methods could be employed 

to achieve this. For example, repeated conditioning sessions could be used, which is known to 

cause more pronounced placebo effects than a single conditioning session148. Second, allowing 

the participants to use the placebo in their daily lives could reinforce conditioning and exploit 

dosing effects of placebos before experimental testing311,325. Third, ensuring that the treatment is 

administered by a warm, empathic, and enthusiastic experimenter or health professional likely 

enhances placebo effects311,322. Finally, as per the Bayesian predictive coding framework293, 
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ensuring high certainty of anxiolysis and low certainty of anxiety should enhance placebo effects. 

These hypotheses need further testing. 

It is also worth contemplating that, since these experimental medicine models induce significant 

autonomic arousal, they could be utilised for investigation of nocebo effects in psychiatric 

disorder. Indeed, some participants in the study reported in the current thesis exhibited a nocebo 

response in the 7.5% CO2 inhalational model, despite undergoing a placebo conditioning 

procedure. Tests of whether the Bayesian predictive coding framework predicts and explains 

placebo effects have been conducted294,295, but to my knowledge no such experiment has 

examined this in nocebo effects. These experimental medicine models of anxiety could be used 

for a study of this nature. 

7.2.2 Clinical trials in patients with psychiatric disorders 

My findings also have implications for the design and interpretation of clinical trials for 

psychotropic medications. I found that predictors of placebo and medication response differed in 

clinical trials for gambling disorder (Chapter 3). This study adds to the literature exploring 

predictors of treatment response in gambling disorder175,176, but also in other psychiatric disorders 

such as binge eating disorder224, acute mania45, social anxiety disorder348, obsessive compulsive 

disorder349, and depression61,350.  

Placebo response rate in psychotropic trials is variable but, when large, can reduce sensitivity of a 

trial to detect treatment efficacy as medication response rate is less variable52,53,55. Identifying 

predictors of treatment or placebo response could allow adjustment of analyses for these 

covariates, or enrichment of patient samples. For example, in a recently published trial comparing 

the antidepressant vortioxetine with placebo for depression, drug-placebo differences were 

increased in a subgroup of patients with increased baseline severity of depression and reduced 

baseline symptoms of anxiety351. The authors suggested that targeting this profile of patients for 

inclusion in clinical trials could increase the probability of success351. In the case of gambling 

disorder, my results suggest that targeting patients with increased severity of gambling symptoms 

and low symptoms of depression might maximise drug-placebo differences; but this needs 

empirical testing. 

In addition, much of the research to date has aimed to identify predictors of placebo response in 

psychiatric disorders through meta-analyses or secondary analyses of previously collected data. 

Very often, the performance of identified predictors is not assessed in a novel external sample, 

which is an important limitation. Moreover, secondary data analysis involves scrutinising data 

collected for a different research question, which means the results and conclusions are 
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vulnerable to latent unmeasured variables352. Secondary analyses also do not allow measurement 

of some within-patient factors likely to be important in placebo response, such as expectations, 

although statistical post-hoc approximations of these have been attempted353. Some prospective 

research exploring determinants of placebo response in psychotropic trials has been carried out, 

but these studies often involve manipulation of expectations65,98,254,354. Therefore, the external 

validity of these findings for clinical trials in which expectations are not experimentally 

manipulated could be questioned. As with the neuroimaging literature, prospective studies 

designed to explore determinants of treatment and placebo response are needed. 

Finally, treatment response is defined categorically in much of the research in this field, i.e. 

symptoms below a certain threshold equals treatment response. In contrast, I analysed treatment 

response as a continuous outcome measure. Some other researchers have also proposed 

modelling ‘propensity to respond to placebo’ as a continuous (and latent) variable, on the basis 

that placebo responsiveness is not binary but instead can vary along a continuum355. Modelling 

placebo responsiveness as a continuous variable potentially allows statistical estimation of the 

degree to which placebo effects explain improvements following active treatment, through 

infinite or finite mixture modelling62,356, or mixed effects modelling357. Whether using such models 

improves assay sensitivity of clinical trials requires further study. 

7.3 Possible implications for clinical practice 

There is empirical evidence that placebo mechanisms can affect how successful our treatments 

are in the clinic. For example, higher expectations of benefit were associated with a greater 

chance of early response to the SSRI sertraline in patients with post-traumatic stress disorder, and 

better outcomes after 10 weeks358. This highlights the importance of giving clear treatment 

rationales and, within reason, working with patients to maximise their beliefs in the treatment. 

However, my findings in this thesis potentially highlight an additional consideration: 

communication style and patient anxiety during a consultation. As discussed above, it is possible 

that increased autonomic arousal prevented generation of placebo responses in the experimental 

models described in this thesis. If a patient were to experience increased autonomic arousal in the 

clinic, then this may reduce the effectiveness of a prescribed treatment. There is some evidence 

to support this speculation, albeit somewhat tangential. The findings of a systematic review of 

empirical studies suggest that a patient-centred clinician communication style (supportive, 

empathic, facilitative) is associated with reduced autonomic arousal in the patient359. Intriguingly, 

a similar communication style has been shown to enhance placebo response in patients with 

irritable bowel syndrome323,360. Perhaps reduction in autonomic arousal is the mechanism by 

which this occurs. Further research is needed to understand whether autonomic arousal 
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experienced in the clinic affects treatment outcomes. If so, this suggests that clinicians should 

adopt communication styles to limit autonomic arousal when introducing a new treatment. This 

might help to maximise the potential benefit of the treatment. 

7.4 Future research directions 

The discussion above highlights several future research directions. First, we need to test whether 

targeting patients with increased baseline severity of symptoms and reduced symptoms of 

depression for inclusion in clinical trials for gambling disorder improves assay sensitivity. We also 

need to identify predictors of placebo response in other disorders. Second, we need prospective 

studies that assess determinants of placebo response in psychotropic trials so that the impact of 

within-patient factors, such as expectations, can be explored in externally valid studies. Third, my 

systematic review highlighted important hypotheses regarding the role of brain regions (such as 

rostral anterior cingulate cortex and ventral striatum) and neurotransmitters (such as endogenous 

opioids and dopamine) in placebo antidepressant and anxiolytic responses. These hypotheses 

need further exploration. Finally, the role of autonomic arousal in prevention of placebo effects 

should be explored further, both within experimental paradigms in healthy volunteers and in 

clinical practice. Additionally, the potential for using experimental models of anxiety to investigate 

the nocebo effect requires further study. 

7.5 Overall Conclusions 

In this thesis I aimed to improve our understanding of the psychoneurobiology of placebo effects 

in gambling, depressive and anxiety disorders. My findings highlight several gaps in the literature 

for future study, as well as a few challenges. I identified novel predictors of placebo response in 

clinical trials of gambling disorder: reduced baseline symptoms of anxiety, increased baseline 

symptoms of depression, and non-Caucasian ethnicity. Further research is required to understand 

whether assay sensitivity of trials in gambling disorder can be improved through application of 

this knowledge. Data from the neuroimaging literature highlight brain regions and 

neurotransmitters that might be important in placebo antidepressant and anxiolytic effects. 

Challenges for further neuroimaging research of these placebo effects involves identifying how 

best to design studies to limit confounding and ensuring they are appropriately powered. Finally, I 

discovered challenges in inducing placebo anxiolysis in clinically relevant experimental medicine 

models. Further research is needed to understand how autonomic arousal interacts with placebo 

conditioning. Investigation of these challenges and future attempts to fill these gaps in the 

literature will improve our understanding of the mechanisms of placebo effects in psychiatric 
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disorders. This improved understanding might allow us to better design clinical trials, maximise 

the effectiveness of current treatments, and potentially highlight novel tractable therapeutic 

targets. 
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Appendix A Systematic Review Search Strategy 

(Chapter 4) 

A.1 PubMed (MEDLINE) 

Search terms (no limits, all fields and MeSH terms): 

(Placebo OR placebos OR placebo effect OR "placebo response" OR nocebo OR nocebos)  

AND  

(Depression OR depressive OR Anxiety OR anxious OR major depressive disorder OR MDD OR 

generalized anxiety disorder OR GAD OR panic disorder OR simple phobia OR antidepressant OR 

fluoxetine OR Citalopram OR Escitalopram OR Fluvoxamine OR Paroxetine OR Sertraline OR 

anxiolytic OR anxiolytics OR benzodiazepine OR benzodiazepines OR alprazolam OR clonazepam 

OR diazepam OR lorazepam OR temazepam)  

AND  

(positron emission tomography OR PET OR Single-photon emission computed tomography OR 

SPECT OR functional magnetic resonance imaging OR functional MRI OR fMRI OR tomography OR 

cerebral blood flow) 

A.2 OVID databases 

PsycInfo, EMBASE + EMBASE classic, OVID Medline 

Search terms (no limits): 

(Placebo OR placebos OR placebo effect OR placebo response OR nocebo OR nocebos)  

AND  

(Depression OR depressive OR Anxiety OR anxious OR major depressive disorder OR MDD OR 

generalized anxiety disorder OR GAD OR panic disorder OR simple phobia OR antidepressant OR 

fluoxetine OR Citalopram OR Escitalopram OR Fluvoxamine OR Paroxetine OR Sertraline OR 

anxiolytic OR anxiolytics OR benzodiazepine OR benzodiazepines OR alprazolam OR clonazepam 

OR diazepam OR lorazepam OR temazepam)  
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AND  

(positron emission tomography OR PET OR Single-photon emission computed tomography OR 

SPECT OR functional magnetic resonance imaging  OR functional MRI OR fMRI OR tomography OR 

cerebral blood flow) 

A.3 Web of Knowledge 

Web of science (science citation index expanded), Biological abstracts, Biosis, Food science and 

technology abstracts 

Search terms (no limits): 

Placebo OR placebos OR placebo effect OR placebo response OR nocebo OR nocebos 

AND 

Depression OR depressive OR Anxiety OR anxious OR major depressive disorder OR MDD OR 

generalized anxiety disorder OR GAD OR panic disorder OR simple phobia OR antidepressant OR 

fluoxetine OR Citalopram OR Escitalopram OR Fluvoxamine OR Paroxetine OR Sertraline OR 

anxiolytic OR anxiolytics OR benzodiazepine OR benzodiazepines OR alprazolam OR clonazepam 

OR diazepam OR lorazepam OR temazepam 

AND 

positron emission tomography OR PET OR Single-photon emission computed tomography OR 

SPECT OR functional magnetic resonance imaging  OR functional MRI OR fMRI OR tomography OR 

cerebral blood flow 

A.4 EThOS, British Library 

Search terms: 

"Placebo" OR "placebos" OR "placebo effect" OR "placebo response" OR "nocebo" OR "nocebos" 

AND  

"Depression" OR "Anxiety" OR "major depressive disorder" OR "MDD" OR "generalized anxiety 

disorder" OR "GAD" OR "panic disorder" OR "simple phobia"  

AND  
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"positron emission tomography" OR "PET" OR "SPECT" OR "functional magnetic resonance 

imaging" OR "functional MRI" OR "fMRI" OR "tomography" 
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Appendix B E-NASAL trial: study documents (Chapter 5) 

B.1 Participant information sheet 

Participant Information Sheet 
26/10/21 Version 3.0 

 
Study title: Evaluation of a NAsal Spray in AnxioLytic treatment (E-NASAL) 
trial 
 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin, Prof Nic van der Wee 
Other researchers: Dr Robert Gordon, Dr Naomi Phillips, Dr Hannah Rowlatt, Dr Harry 
Fagan, Dr Laura Molteni 
ERGO number: 52726       
 
You are being invited to take part in the above research study. To help you decide whether 
you would like to take part or not, it is important that you understand why the research is 
being done and what it will involve. Please read the information below carefully and ask 
questions if anything is not clear or you would like more information before you decide to 
take part in this research.  You may like to discuss it with others but it is up to you to decide 
whether or not to take part. If you are happy to participate you will be asked to sign a 
consent form. 
 
What is the research about? 
This study has been funded by the Medical Research Council. Dr Nathan Huneke is working 
towards a PhD in Clinical Neurosciences. 
 
Anxiety disorders are the most common psychiatric disorder and because they typically 
result in impairment of daily life, are among the most burdensome of medical conditions. 
Generalised Anxiety Disorder (GAD) is a common anxiety disorder, yet it is often not 
diagnosed or treated properly. Patients who suffer from GAD experience excessive anxiety 
and worry, and a range of symptoms including muscular tension, restlessness, dizziness, 
difficulty in concentrating, and a feeling of being ‘on edge’, often with increases in heart 
rate, blood pressure and sweating. 
 
If there was a human model of GAD, (that is, a way of temporarily producing some of the 
symptoms of GAD, but in a healthy person) it could be used to discover new and potentially 
more effective treatments and help us to understand what is happening in the body. We 
have been working on the development of a human model of GAD, using the inhalation of 
air enriched with 7.5% carbon dioxide (CO2) for 20 minutes. In healthy volunteers, this 
temporarily makes some people feel anxious and tense and reduces feelings of being 
relaxed and happy. It also temporarily increases blood pressure and heart rate as well as 
alters attention and emotion processing, which is commonly reported in anxious patients. 
The effects of CO2 are different from the inhalation of normal room air and we believe that 
this model could be used to explore how and whether treatments work in GAD. 
 
In this study, we will examine the extent to which a widely used anti-anxiety drug, 
lorazepam, alters how healthy volunteers respond to inhalation of air enriched with 7.5% 
CO2 compared with a placebo. In particular, we will be testing a new way of delivering 
these anti-anxiety effects: a nasal spray. In a pilot study, this nasal spray was found to be 
safe and appeared to lower blood pressure and anxiety during inhalation of air enriched 
with 7.5% CO2. 
 
We are recruiting healthy male and female volunteers, aged between 18 and 55 years, to 
be administered lorazepam nasal spray or placebo prior to inhaling 7.5% CO2. 
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Why have I been asked to participate? 
You have been invited to participate since you have enquired about our advertised studies. 
We plan to recruit 60 participants for this study. 
 
What will happen to me if I take part? 
There are two parts to this study: 
 

1. 10 minute telephone screening 
Before entering the research study, the researchers will contact you and ask 
specific questions about your physical and mental health, to check that you are 
fit to take part in the study. This will take about 10 minutes, will be arranged at 
your convenience and can be completed over the phone. All information will 
remain confidential.  
 
You should be generally healthy, have no history of or current asthma, migraine, 
seizures, renal, cardiac or hepatic impairment or glaucoma, and have no 
present or past anxiety disorder or other mental health complaint. You should 
not take part if a close member of your family suffers from regular panic attacks 
or has been diagnosed with panic disorder.  
 
Your alcohol intake should not be more than 21 units per week. Note that one 
unit of alcohol equals one 25ml single measure of whisky (ABV 40%), or a third 
of a pint of beer (ABV 5-6%) or half a standard (175ml) glass of red wine (ABV 
12%). You should not be a regular smoker (more than 6/day). You should not 
have used medication in the preceding 8 weeks, apart from occasional 
paracetamol, or local treatments. Females should be using adequate methods 
of contraception and should not be pregnant or breast feeding, or be considering 
becoming pregnant. If you meet our list of entry criteria, then you will be invited 
to the testing session.   
 

2. Testing Session (9.30-11.30: 2 hours) 
Prior to the testing session you should refrain from alcohol for 36 hours. You 
also should not drink any caffeinated drinks after midnight prior to the test day. 
This is because alcohol and caffeine have effects on blood pressure and heart 
rate measurements; and alcohol may enhance the effects of the gas. However, 
the exception from this is if you regularly ingest caffeine in the morning, in 
which case you should have your usual caffeinated drink to avoid withdrawal 
effects during the study. You should not be a regular (i.e., daily) smoker and 
should not have smoked within 12 hours of the study session. 
 
At the beginning of the session, you will complete some questionnaires that ask 
about your physical and mental health. Throughout the session we will take 
several measures of your current mood (short questionnaires), blood pressure 
and heart rate (arm cuff).  
 
You will complete three 20-minute inhalations of air enriched with 7.5% CO2. 
The 7.5% CO2 gas is a mixture of carbon dioxide and air, with the air containing 
the usual amount of oxygen. The gas will be administered through a mask that 
covers your mouth and nose. This will be fitted prior to the inhalation of the gas 
to enable you to become accustomed to wearing it. You will wear the mask and 
remain seated in a comfortable position throughout the inhalation. 
 
During each inhalation you will complete a short (8 minute) computerised task 
that measures your attention. During this task you will be presented with a set 
of widely used experimental pictures of emotional faces. Before you agree to 
participate you will have the opportunity to view examples of these faces. Please 
remember that you are free to withdraw at any time. During the task we will 
measure your heart rate, skin conductance and eye movements through 6 
electrodes placed on the surface of your skin (i.e. non-invasively). 
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You will be given a nasal spray, either lorazepam or placebo, prior to the second 
and third inhalations.  

 
Are there any benefits in my taking part? 
The study will last approximately 2 hours and you will be reimbursed £15 for your time 
when you complete the testing session. If you prefer, then you can ask to receive 24 course 
credits instead of the £15. You will also receive £15 towards travel costs to the test session 
site at College Keep. Beyond this you should not expect to directly benefit from taking part 
in this research study. However, the information we obtain from this study might help us 
to understand and treat patients with anxiety disorders in the future. 
 
Are there any risks involved? 
Participants who meet any of the exclusion criteria should not take part in the study. This 
includes pregnant women or women who are breastfeeding, and women who plan to 
become pregnant. All women will therefore be asked to answer some short questions about 
their use of contraception to exclude the possibility of pregnancy. The screening procedure 
will ask participants some questions about their physical and mental health. Information 
about local support services will be available to any participant that is concerned about 
their physical and mental wellbeing. 
 
Since the testing session requires you to attend the department in person, there is a small 
risk of contracting covid-19. We have put in place a number of measures to minimise this 
risk. You will be given a fluid-repellant facemask to wear throughout the session. The 
experimenters will wear full personal protective equipment, and only one experimenter will 
be allowed in the room with you at any time. There is enough space to maintain 2 metres 
physical distancing. Finally, the department and all study equipment is thoroughly cleaned 
between testing sessions. You will be contacted the day after the study day to check your 
wellbeing and we will advise you about the actions you will need to take should you develop 
symptoms of covid-19. 
 
During the testing session, you will receive either a lorazepam nasal spray or placebo nasal 
spray. You will also complete three 20-minute inhalations of air enriched with 7.5% CO2. 
 

1. Lorazepam 
Lorazepam is a well-tolerated drug that is commonly used throughout the world, 
usually in multiple repeated doses rather than the two doses we will be using in this 
study. Lorazepam is usually available in tablet form, or as an injection. 
Administering lorazepam as a nasal spray is new. Despite this, we would expect 
possible side effects to be similar to those that occur with tablets. Commonly 
reported side effects include: drowsiness, dizziness, blurred vision, and nausea. The 
purpose of the medical screening at the start of the study is to make sure that it is 
safe for you to take the drug. It is unlikely that you will experience any side effects 
from two doses of lorazepam. 

 
Participants can discuss any concerns or side effects with the study medical team 
led by Professor David Baldwin (Consultant Psychiatrist). Contacted at 
dsb1@soton.ac.uk and 02382310764. 
 

2. Inhalation of air enriched with 7.5% CO2 
Our research group has carried out in excess of 300 CO2 inhalation tests. Any 
effects of the gas inhalation are temporary and typically resolve within a minute 
after inhalation. Carbon dioxide inhalation may cause feelings of anxiety or 
unpleasantness. Other physiological effects that may occur include racing of heart, 
dizziness, pins and needles, and breathlessness. Some people also experience a mild 
headache afterwards. 
 
People experience and describe the effects of inhaling 7.5% CO2 gas in different 
ways, and there is no way of knowing in advance how you will respond. Some people 
do not notice it at all, and some experience more marked anxiety. Most people will 
notice some effects, and if you do not like the effects, you can ask to stop. These 
feelings should be short-lived (typically resolving within a couple of minutes) and 
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should not cause any lasting harm. The researchers will remain near you at all times 
and will offer reassurance if necessary. If you feel uncomfortable breathing the gas 
at any time during the procedure you may indicate that you wish the procedure to 
stop. 
 
At the end of the study session you will remain in the testing room until you feel that 
any effects of the gas have worn off. We will contact you the day after the study day 
to check that you are healthy and well. 

 
What data will be collected? 
As part of the screening process, we will collect personally identifiable information including 
date of birth, ethnicity, gender identity, telephone number, address and medical history. 
We collect this information to ensure that the study groups are reasonably balanced in 
terms of demographics and to ensure that you are eligible to participate in the study. This 
information will be stored in an electronic database and on paper. We also collect your 
contact details so that we can maintain contact with you during the study, and to make any 
necessary follow up contacts. We will not retain your contact details for future studies. 
 
During the testing session we will collect data on current mood (from questionnaires), blood 
pressure and heart rate, other psychophysiology measures including skin conductance, and 
measures of attention from the computerised task. These data will be stored in an electronic 
database and on paper. 
 
All electronic databases containing personally identifiable information will be encrypted 
and password-protected. Where data has been collected using paper documents (e.g. 
questionnaires), all documents will be number-coded and stored in a locked filing cabinet. 
Personal data and consent forms will be stored separately from non-identifiable data. 
 
Will my participation be confidential? 
Your participation and the information we collect about you during the course of the 
research will be kept strictly confidential. However, if you were to provide the study team 
with any information that gives us concern about your safety or wellbeing, then we will 
have a duty to disclose this information. If we were to disclose this information, then we 
will discuss this with you at the time.  
 
Only members of the research team (including supervisors) and responsible members of 
the University of Southampton may be given access to data about you for monitoring 
purposes and/or to carry out an audit of the study to ensure that the research is complying 
with applicable regulations. Individuals from regulatory authorities (people who check that 
we are carrying out the study correctly) may require access to your data. All these people 
have a duty to keep your information, as a research participant, strictly confidential. 
 
Do I have to take part? 
No, it is entirely up to you to decide whether or not to take part. If you decide you want to 
take part, you will need to sign a consent form to show you have agreed to take part.  
 
What happens if I change my mind? 
You have the right to change your mind and withdraw at any time without giving a reason 
and without your participant rights being affected. 
 
If you withdraw from the study, you can request that we destroy the data we have gathered 
about you up until we have entered it into our secure database (approximately May 2021). 
 
What will happen to the results of the research? 
When the study has been completed, we shall analyse the data and report the findings. This 
will be reported in an appropriate scientific journal or presented at a scientific meeting. 
Your personal details will remain strictly confidential. Research findings made available in 
any reports or publications will not include information that can directly identify you 
without your specific consent. If you would like a copy of the final paper, you may request 
this. 
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Once the project is complete, all data will be transferred and stored in the University 
Research Repository. This will be held in an anonymised form and unlinked to any personal 
identifiable information. This allows other researchers to use the data for future research 
without being able to identify you. Data will be stored here for a minimum of 15 years.  
 
Where can I get more information? 
For further queries, please contact Dr Nathan Huneke (n.huneke@soton.ac.uk, tel: 02382 
310 775). 
 
What happens if there is a problem? 
If you have a concern about any aspect of this study, you should speak to the researchers 
who will do their best to answer your questions.  
 
If you remain unhappy or have a complaint about any aspect of this study, please contact 
the University of Southampton Research Integrity and Governance Manager (023 8059 
5058, rgoinfo@soton.ac.uk). 
 
Data Protection Privacy Notice 
The University of Southampton conducts research to the highest standards of research 
integrity. As a publicly-funded organisation, the University has to ensure that it is in the 
public interest when we use personally-identifiable information about people who have 
agreed to take part in research.  This means that when you agree to take part in a research 
study, we will use information about you in the ways needed, and for the purposes specified, 
to conduct and complete the research project. Under data protection law, ‘Personal data’ 
means any information that relates to and is capable of identifying a living individual. The 
University’s data protection policy governing the use of personal data by the University can 
be found on its website (https://www.southampton.ac.uk/legalservices/what-we-do/data-
protection-and-foi.page).  
 
This Participant Information Sheet tells you what data will be collected for this project and 
whether this includes any personal data. Please ask the research team if you have any 
questions or are unclear what data is being collected about you.  
 
Our privacy notice for research participants provides more information on how the 
University of Southampton collects and uses your personal data when you take part in one 
of our research projects and can be found at 
http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%2
0Integrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pd
f  
 
Any personal data we collect in this study will be used only for the purposes of carrying out 
our research and will be handled according to the University’s policies in line with data 
protection law. If any personal data is used from which you can be identified directly, it will 
not be disclosed to anyone else without your consent unless the University of Southampton 
is required by law to disclose it.  
 
Data protection law requires us to have a valid legal reason (‘lawful basis’) to process and 
use your Personal data. The lawful basis for processing personal information in this 
research study is for the performance of a task carried out in the public interest. Personal 
data collected for research will not be used for any other purpose. 
 
For the purposes of data protection law, the University of Southampton is the ‘Data 
Controller’ for this study, which means that we are responsible for looking after your 
information and using it properly. The University of Southampton will keep identifiable 
information about you for 15 years after the study has finished after which time any link 
between you and your information will be removed. 
 
To safeguard your rights, we will use the minimum personal data necessary to achieve our 
research study objectives. Your data protection rights – such as to access, change, or 
transfer such information - may be limited, however, in order for the research output to be 
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reliable and accurate. The University will not do anything with your personal data that you 
would not reasonably expect.  
 
If you have any questions about how your personal data is used, or wish to exercise any of 
your rights, please consult the University’s data protection webpage 
(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page) 
where you can make a request using our online form. If you need further assistance, please 
contact the University’s Data Protection Officer (data.protection@soton.ac.uk). 
 
Thank you. 
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B.2 Debriefing statement 

Study title: Evaluation of a NAsal Spray in AnxioLytic treatment (E-NASAL) 
trial 
 
Debriefing Statement (verbal and written) V2.0, 10/07/2020 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin, Prof Nic van der Wee 
Other researchers: Dr Robert Gordon, Dr Naomi Phillips, Dr Hannah Rowlatt, Dr Harry 
Fagan, Dr Laura Molteni  
ERGO ID: 52726 
 
Thank you for taking part in this experiment. 
 
Study background: There is a need for improved treatments for patients with anxiety 
disorders, as many patients do not respond to first line psychological or pharmacological 
treatments, and drug treatments can cause unwanted side-effects. We normally test a new 
treatment by comparing it with a placebo; a 'dummy' treatment with no active ingredients. 
Sometimes, patients improve when given a placebo, and this is called 'the placebo response'. 
If many patients show this response in a clinical trial, it is difficult to establish whether a 
new treatment is effective. Learning more about how the placebo response works should 
make it easier to test potential new treatments. 
 
The aim of this research was to examine the effects of a placebo treatment on subjective 
and autonomic responses to inhalation of air enriched with 7.5% carbon dioxide (CO2) (in 
comparison to normal air inhalation). Your data will help us to understand whether healthy 
volunteers can have a placebo response in the 7.5% CO2 model of anxiety. This experiment 
involved deception so that we could attempt to induce a placebo response. 
 
You were not given active lorazepam at any point during this study. The nasal spray 
contained only salt water. You were randomized to one of two groups: 1) placebo with an 
expectation of it reducing anxiety or 2) placebo with no expectation of it reducing anxiety. 
If you were in group 1, then you were told that the nasal spray was 'lorazepam', which is 
known to have anti-anxiety effects and therefore would reduce your anxiety during the 7.5% 
CO2 inhalation. This was reinforced by us surreptitiously turning off the supply of CO2 
during the second inhalation, so that you were breathing normal air. In the third inhalation, 
we re-started the supply of CO2, so that you were again breathing air enriched with 7.5% 
CO2. The purpose of this was to see whether your beliefs about the medication meant that 
you felt less anxious even when breathing air enriched with 7.5% CO2. If you were in group 
2, then you were told that the nasal spray contained salt water, and that you would be 
breathing normal air during the second inhalation. We did this to ensure that participants 
in group 2 had no expectation of a benefit from the spray. We can therefore compare the 
effects of learning and of expectation on anxiety during the CO2 challenge between the two 
groups. 
 
You may have a copy of this summary and a summary of the research findings once the 
project is completed if you wish. If you have any further questions please contact me, Dr 
Nathan Huneke, at n.huneke@soton.ac.uk, tel: 02382310775. 
  
If you are interested in finding out more about the rationale behind this research and the 
methods used in this project, please see the references below: 
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1. Bailey, J. E., Kendrick, A., Diaper, A., Potokar, J. P., Nutt, D. J. (2007). A validation 
of the 7.5% CO2 model of GAD using paroxetine and lorazepam in healthy 
volunteers. Journal of Psychopharmacology, 21(1), 42-49.  

2. Garner, M., Attwood, A., Baldwin, D. S., James, A., & Munafo, M. R. (2011). 
Inhalation of 7.5% Carbon Dioxide Increases Threat Processing in Humans. 
Neuropsychopharmacology, 36(8), 1557-1562. 

3. Meyer B, et al. (2015) Neural mechanisms of placebo anxiolysis. J Neurosci, 
35(19):7365-7373. 

A member of the research team will phone you tomorrow to check whether you have 
experienced any adverse events following your participation, and to discuss any additional 
queries that you might have. 
 
In the event that you feel unwell please contact your General Practitioner or the NHS 111 
service as per usual. In addition please feel able to contact the study medical doctors led by 
Dr Nathan Huneke, 02382310775.  
 
During this study we asked you to reflect on certain aspects of your physical and mental 
health. If at any point during your studies you become concerned about your mental or 
physical health then please contact your General Practitioner.  
 
As per current covid-19 guidance, you will need to self-isolate if: 

• you develop any symptoms of coronavirus (a high temperature, a new, continuous 
cough or a loss or change to your sense of smell or taste) 

• you test positive for coronavirus – this means you have coronavirus 
• you live with someone who develops symptoms or has tested positive 
• someone in your support bubble has developed symptoms or has tested positive 
• you're told by NHS Test and Trace that you've been in contact with a person with 

coronavirus 
 
If you test positive for coronavirus and are asked to provide details of the study team for 
contact tracing, then please contact the study medical doctors led by Dr Nathan Huneke, 
02382310775, or email enasal@soton.ac.uk. 
 
If you have more general worries during your time as a student in Southampton, then please 
also be aware that Enabling Services or your personal tutor are available to provide support 
and advice. To contact Enabling Services, please email enable@soton.ac.uk or telephone 
02380 597 726. Skype appointments are also available. 
 
Thank you again for your participation in this research. 
 
Signature ______________________________         Date __________________ 
 
Name 
 
If you have questions about your rights as a participant in this research, or if you feel that 
you have been placed at risk, you may contact the University of Southampton Research 
Integrity and Governance Manager (023 8059 5058, rgoinfo@soton.ac.uk). 
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B.3 Consent forms 

B.3.1 Consent form 1 

CONSENT FORM  
 
Study title: Evaluation of a NAsal Spray in AnxioLytic treatment (E-NASAL) 
trial 
 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin, Prof Nic van der Wee 
Other researchers: Dr Robert Gordon, Dr Naomi Phillips, Dr Hannah Rowlatt, Dr Harry 
Fagan, Dr Laura Molteni 
ERGO number: 52726 
 
Participant Identification Number:  
 
Please initial the box(es) if you agree with the statement(s):  
 
 

I have read and understood the information sheet (dated 10/07/20, V2.0) 
and have had the opportunity to ask questions about the study. 

 

 
I agree to take part in this research project and agree for my data to be 
used for the purpose of this study, and reports to be published in scientific 
journals and conferences. 
 

 

 
I understand my participation is voluntary and I may withdraw at any time 
for any reason without my participation rights being affected. I am aware 
that if I withdraw prior to completing the testing session then I will not be 
reimbursed for my time. 
 

 

I agree to have my contact details kept in a database, so that I can be 
contacted about this study. 
 

 

I understand that after the study has finished my data will be anonymised 
and held in the University Research Repository. I understand that other 
researchers might use this data for future research.  
 

 

 
 
Name of participant (print name)……………………………………………………………… 
 
Signature of participant…………………………………………………………………………. 
 
Date………………………………………………………………………………………..……… 
 
Name of researcher (print name)……………………………………………………………… 
 
Signature of researcher ………………………………………………………………………… 
 
Date………………………………………………………………………………………………….. 
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B.3.2 Consent form 2 

CONSENT FORM 2 
 
Study title: Evaluation of a NAsal Spray in AnxioLytic treatment (E-NASAL) 
trial 
 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin, Prof Nic van der Wee 
Other researchers: Dr Robert Gordon, Dr Naomi Phillips, Dr Hannah Rowlatt, Dr Harry 
Fagan, Dr Laura Molteni 
ERGO number: 52726 
 
Participant Identification Number:  
 
Please initial the box(es) if you agree with the statement(s):  
 
 

I have read and understood the debrief sheet (dated 10/07/20, V2.0) and I 
am aware that the purpose of this study was to explore the placebo response 
in anxiety. I have had the opportunity to ask questions about the study. 

 

 
I agree to take part in this research project and agree for my data to be 
used for the purpose of this study, and reports to be published in scientific 
journals and conferences. 
 

 

 
I understand my participation is voluntary and I may withdraw at any time 
for any reason without my participation rights being affected. I am aware 
that if I withdraw prior to completing the testing session then I will not be 
reimbursed for my time.  
 

 

I agree to have my contact details kept in a database, so that I can be 
contacted about this study. 
 

 

I understand that after the study has finished my data will be anonymised 
and held in the University Research Repository. I understand that other 
researchers might use this data for future research. 
 

 

 
 
Name of participant (print name)……………………………………………………………… 
 
Signature of participant…………………………………………………………………………. 
 
Date………………………………………………………………………………………..……… 
 
Name of researcher (print name)……………………………………………………………… 
 
Signature of researcher ………………………………………………………………………… 
 
Date…………………………………………………………………………………………………..
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Appendix C E-NASAL trial: psychometric and 

questionnaire measures (Chapter 5) 

C.1 Trait Modified Generalised Anxiety Disorder 7-item (GAD-7) 

GAD-7 
Generally how often have you been bothered by the following problems? Rate each word by 
drawing a vertical line (or a cross) on the DASH-LINE scale below each statement to indicate the 
extent you have felt that way. 

FEELING NERVOUS, ANXIOUS OR ON EDGE 
Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

NOT BEING ABLE TO STOP OR CONTROL WORRYING 
Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

WORRYING TOO MUCH ABOUT DIFFERENT THINGS 

Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

TROUBLE RELAXING 
Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

BEING SO RESTLESS THAT IT IS HARD TO SIT STILL 
Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

BECOMING EASILY ANNOYED OR IRRITABLE 
Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 

FEELING AFRAID AS IF SOMETHING AWFUL MIGHT HAPPEN 

Not at all Several days Over half the days Nearly every day 

│……………………………………………………………………………………………………………………│ 
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C.2 Hospital Anxiety and Depression scale (HADS) 

Tick the box beside the reply that is closest to how you have been feeling in the past week. 
Don’t take too long over you replies: your immediate is best. 
 

 
 



Appendix C 

159 

C.3 Anxiety sensitivity index (ASI) 

 
Circle the one phrase that best represents the extent to which you agree with each item below. 
If any of the items concern something which is not part of your experience (e.g., "It scares me 
when I feel shaky" for someone who has never trembled or had the "shakes"), answer on the 
basis of how you think you might feel if you had such an experience. Otherwise, answer all 
items on the basis of your own experience. 
 
 
1. It is important to me not to appear nervous. 
 
 Very little  A little  Some  Much
  Very much 
 
 
2. When I cannot keep my mind on a task, I worry that I might be going crazy. 
 
 Very little  A little  Some  Much
  Very much 
 
 
3. It scares me when I feel shaky (trembling). 
 
 Very little  A little  Some  Much
  Very much 
 
 
4. It scares me when I feel faint. 
 
 Very little  A little  Some  Much
  Very much 
 
 
5. It is important to me to stay in control of my emotions. 
 
 Very little  A little  Some  Much
  Very much 
 
 
6. It scares me when my heart beats rapidly. 
 
 Very little  A little  Some  Much
  Very much 
 
 
7. It embarrasses me when my stomach growls. 
 
 Very little  A little  Some  Much
  Very much 
 
 
8.  It scares me when I am nauseous. 
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 Very little  A little  Some  Much
  Very much 

 
 

9. When I notice that my heart beats rapidly, I worry that I might have a heart 
attack.. 

 
 Very little  A little  Some  Much
  Very much 
 
 
10. It scares me when I become short of breath. 
 
 Very little  A little  Some  Much
  Very much 
 
 
11. When my stomach is upset, I worry that I might be seriously ill. 
 
 Very little  A little  Some  Much
  Very much 
 
 
12. It scares me when I am unable to keep my mind on a task. 
 
 Very little  A little  Some  Much
  Very much 
 
 
13. Other people notice when I feel shaky. 
 
 Very little  A little  Some  Much
  Very much 
 
 
14. Unusual body sensations scare me. 
 
 Very little  A little  Some  Much
  Very much 
 
 
15. When I am nervous, I worry that I might be mentally ill. 
 
 Very little  A little  Some  Much
  Very much 
 
 
16. It scares me when I am nervous. 
 
 Very little  A little  Some  Much
  Very much 
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C.4 Intolerance of uncertainty scale (IUS) 
 Not at all 

characteristic 
of me 

Somewhat 
characteristic 
of me 

Entirely 
characteristic of 
me 

1. Uncertainty stops me from having a firm opinion 1 2 3 4 5 

2. Being uncertain means a person is disorganized 1 2 3 4 5 

3. Uncertainty makes life intolerable 1 2 3 4 5 

4. It’s unfair not having any guarantees in life 1 2 3 4 5 
5. My mind can’t be relaxed if I don’t know what will happen 
tomorrow 1 2 3 4 5 

6. Uncertainty makes me uneasy, anxious, or stressed 1 2 3 4 5 

7. Unforeseen events upset me greatly 1 2 3 4 5 

8. It frustrates me not having all of the information I need 1 2 3 4 5 

9. Uncertainty keeps me from living a full life 1 2 3 4 5 

10. One should look ahead as to avoid surprises 1 2 3 4 5 
11. A small unfortunate event can spoil everything even with the 
best of planning 1 2 3 4 5 

12. When it’s time to act, uncertainty paralyzes me 1 2 3 4 5 

13. Being uncertain means that I am not first rate 1 2 3 4 5 

14. When I am uncertain, I can’t go forward 1 2 3 4 5 

15. When I am uncertain, I can’t function very well 1 2 3 4 5 
16. Unlike me, others seem to know where they are going with 
their lives 1 2 3 4 5 

17. Uncertainty makes me vulnerable, unhappy, or sad 1 2 3 4 5 

18. I always want to know what the future has in store for me 1 2 3 4 5 

19. I can’t stand being taken by surprise 1 2 3 4 5 

20. The smallest doubt can stop me from acting 1 2 3 4 5 

21. I should be able to organise everything in advance 1 2 3 4 5 

22. Being uncertain means I lack confidence 1 2 3 4 5 

23. I think it’s unfair that other people seem sure about their future 1 2 3 4 5 

24. Uncertainty keeps me from sleeping soundly 1 2 3 4 5 

25. I must get away from all uncertain situations 1 2 3 4 5 

26. The ambiguities in life stress me 1 2 3 4 5 

27. I can’t stand being undecided about my future 1 2 3 4 5 
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C.5 Life orientation test – revised (LOTR) 

Scale: Please be as honest and accurate as you can throughout. Try not to let your response to one 
statement influence your responses to other statements. There are no "correct" or "incorrect" 
answers. Answer according to your own feelings, rather than how you think "most people" would 
answer.  
A = I agree a lot  
B = I agree a little  
C = I neither agree nor disagree  
D = I disagree a little  
E = I disagree a lot  
 
1. In uncertain times, I usually expect the best.    ____  
 
2. It's easy for me to relax.      
 ____ 
 
3. If something can go wrong for me, it will. (R)     ____ 
 
4. I'm always optimistic about my future.     ____ 
 
5. I enjoy my friends a lot.      
 ____ 
 
6. It's important for me to keep busy.      ____ 
 
7. I hardly ever expect things to go my way. (R)     ____ 
 
8. I don't get upset too easily.      
 ____ 
 
9. I rarely count on good things happening to me. (R)    ____ 
 
10. Overall, I expect more good things to happen to me than bad.  ____ 

C.6 Locus of control questionnaire (LOC) 

For each question circle the letter indicating the statement that you agree with the most 
 

1. a. Children get into trouble because their parents punish them too much. 
b. The trouble with most children nowadays is that their parents are too easy with them. 
 

2. a. Many of the unhappy things in people's lives are partly due to bad luck. 
b. People's misfortunes result from the mistakes they make. 
 

3. a. One of the major reasons why we have wars is because people don't take enough interest 
in politics. 
b. There will always be wars, no matter how hard people try to prevent them. 
 

4. a. In the long run people get the respect they deserve in this world.  
b. Unfortunately, an individual's worth often passes unrecognized no matter how hard he 
tries. 
 

5. a. The idea that teachers are unfair to students is nonsense. 



Appendix C 

163 

b. Most students don't realize the extent to which their grades are influenced by accidental 
happenings. 
 

6. a. Without the right breaks one cannot be an effective leader. 
b. Capable people who fail to become leaders have not taken advantage of their 
opportunities. 
 

7. a. No matter how hard you try some people just don't like you. 
b. People who can't get others to like them don't understand how to get along with others. 
 

8. a. Heredity plays the major role in determining one's personality. 
b. It is one's experiences in life which determine what they're like. 
 

9. a. I have often found that what is going to happen will happen. 
b. Trusting to fate has never turned out as well for me as making a decision to take a 
definite course of action. 
 

10. a. In the case of the well prepared student there is rarely if ever such a thing as an unfair 
test. 
b. Many times exam questions tend to be so unrelated to course work that studying is really 
useless 
 

11. a. Becoming a success is a matter of hard work, luck has little or nothing to do with it.     
b. Getting a good job depends mainly on being in the right place at the right time. 

 
12. a. The average citizen can have an influence in government decisions. 

b. This world is run by the few people in power, and there is not much the little guy can do 
about it. 
 

13. a. When I make plans, I am almost certain that I can make them work. 
b. It is not always wise to plan too far ahead because many things turn out to be a matter of 
good or bad fortune anyhow. 
 

14. a. There are certain people who are just no good. 
b. There is some good in everybody. 
 

15. a. In my case getting what I want has little or nothing to do with luck. 
b. Many times we might just as well decide what to do by flipping a coin. 
 

16. a. Who gets to be the boss often depends on who was lucky enough to be in the right place 
first. 
b. Getting people to do the right thing depends upon ability. Luck has little or nothing to do 
with it. 
 

17. a. As far as world affairs are concerned, most of us are the victims of forces we can neither 
understand, nor control. 
b. By taking an active part in political and social affairs the people can control world 
events. 
 

18. a. Most people don't realize the extent to which their lives are controlled by accidental 
happenings. 
b. There really is no such thing as "luck." 
 

19. a. One should always be willing to admit mistakes. 
b. It is usually best to cover up one's mistakes. 
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20. a. It is hard to know whether or not a person really likes you. 

b. How many friends you have depends upon how nice a person you are. 
 

21. a. In the long run the bad things that happen to us are balanced by the good ones. 
b. Most misfortunes are the result of lack of ability, ignorance, laziness, or all three. 
 

22. a. With enough effort we can wipe out political corruption. 
b. It is difficult for people to have much control over the things politicians do in office. 
 

23. a. Sometimes I can't understand how teachers arrive at the grades they give. 
b. There is a direct connection between how hard 1 study and the grades I get. 
 

24. a. A good leader expects people to decide for themselves what they should do. 
b. A good leader makes it clear to everybody what their jobs are. 
 

25. a. Many times I feel that I have little influence over the things that happen to me. 
b. It is impossible for me to believe that chance or luck plays an important role in my life. 
 

26. a. People are lonely because they don't try to be friendly. 
b. There's not much use in trying too hard to please people, if they like you, they like you. 
 

27. a. There is too much emphasis on athletics in high school. 
b. Team sports are an excellent way to build character. 
 

28. a. What happens to me is my own doing. 
b. Sometimes I feel that I don't have enough control over the direction my life is taking. 
 

29. a. Most of the time I can't understand why politicians behave the way they do. 
b. In the long run the people are responsible for bad government on a national as well as on 
a local level. 
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C.7 Penn state worry questionnaire (PSWQ) 

Rate each of the following statements on a scale of 1 ("not at all typical of me") to 5 ("very 
typical of me").  Please do not leave any items blank. 
 

Not at all typical of me    Very typical of me 
1 2 3 4 5 

       
1. If I do not have enough time to do everything, I do not 

worry about it. 
1 2 3 4 5 

2. My worries overwhelm me. 
 

1 2 3 4 5 

3. I do not tend to worry about things. 
 

1 2 3 4 5 

4. Many situations make me worry. 
 

1 2 3 4 5 

5. I know I should not worry about things, but I just 
cannot help it. 
 

1 2 3 4 5 

6. When I am under pressure I worry a lot. 
 

1 2 3 4 5 

7. I am always worrying about something 
 

1 2 3 4 5 

8. I find it easy to dismiss worrisome thoughts. 
 

1 2 3 4 5 

9. As soon as I finish one task, I start to worry about 
everything else I have to do. 
 

1 2 3 4 5 

10. I never worry about anything. 
 

1 2 3 4 5 

11. When there is nothing more I can do about a concern, I 
do not worry about it anymore. 
 

1 2 3 4 5 

12. I have been a worrier all my life. 
 

1 2 3 4 5 

13. I notice that I have been worrying about things. 
 

1 2 3 4 5 

14. Once I start worrying, I cannot stop. 
 

1 2 3 4 5 

15. I worry all the time. 
 

1 2 3 4 5 

16. I worry about projects until they are done. 1 2 3 4 5 
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C.8 Positive and Negative Affect Schedule (PANAS) 
This scale consists of a number of words that describe different feelings and emotions.  Read each item 
and circle the number that indicates to what extent you feel this way RIGHT NOW. 
 

  
Very slightly or 

Not at all A Little Moderately Quite a Bit Extremely 

1. interested .............. 1 2 3 4 5 

2. distressed .............. 1 2 3 4 5 

3. excited .................. 1 2 3 4 5 

4. upset ..................... 1 2 3 4 5 

5. strong .................... 1 2 3 4 5 

6. guilty .................... 1 2 3 4 5 

7. scared ................... 1 2 3 4 5 

8. hostile ................... 1 2 3 4 5 

9. enthusiastic ........... 1 2 3 4 5 

10. proud .................... 1 2 3 4 5 

11. irritable ................. 1 2 3 4 5 

12. alert ....................... 1 2 3 4 5 

13. ashamed ................ 1 2 3 4 5 

14. inspired ................. 1 2 3 4 5 

15. nervous ..............… 1 2 3 4 5 

16. determined ............ 1 2 3 4 5 

17. attentive ................ 1 2 3 4 5 

18. jittery .................... 1 2 3 4 5 

19. active .................... 1 2 3 4 5 

20. afraid .................... 1 2 3 4 5 
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C.9 State modified Generalised Anxiety Disorder 7-item (GAD-7) 

During the last 20 minutes how often have you been bothered by the following problems? Rate 
each word by drawing a vertical line on the scale below to indicate the extent you feel this way. 

 

FEELING NERVOUS, ANXIOUS OR ON EDGE 
Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

NOT BEING ABLE TO STOP OR CONTROL WORRYING 
Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

WORRYING TOO MUCH ABOUT DIFFERENT THINGS 

Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

TROUBLE RELAXING 
Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

BEING SO RESTLESS THAT IT IS HARD TO SIT STILL 
Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

BECOMING EASILY ANNOYED OR IRRITABLE 
Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 

FEELING AFRAID AS IF SOMETHING AWFUL MIGHT HAPPEN 

Not at all Some of the time Most of the time All of the time 

│……………………………………………………………………………………………………………………│ 
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C.10 Panic symptom inventory (PSI) 

Please put a tick in the column which best describes the feelings that you had at the AT THIS 
MOMENT 

 

 

 
 

NOT AT ALL SLIGHT MODERATE SEVERE VERY 
SEVERE 

MUSCLE PAIN 0 1 2 3 4 

WEAKNESS 0 1 2 3 4 

SWEATING 0 1 2 3 4 

GOING MAD 0 1 2 3 4 

TREMOR 0 1 2 3 4 

DROWSINESS 0 1 2 3 4 

NUMBNESS OF FINGERS AND TOES 0 1 2 3 4 

DRY MOUTH 0 1 2 3 4 

FEELINGS OF UNREALITY 0 1 2 3 4 

CHURNING OF STOMACH/BUTTERFLIES 0 1 2 3 4 

HEART RACING 0 1 2 3 4 

NAUSEA 0 1 2 3 4 

UNHAPPINESS 0 1 2 3 4 

SHAKINESS 0 1 2 3 4 

FEAR OF LOSS OF CONTROL 0 1 2 3 4 

ANXIETY 0 1 2 3 4 

CHOKING 0 1 2 3 4 

HEADACHE 0 1 2 3 4 

FEAR OF DYING 0 1 2 3 4 

HEART POUNDING 0 1 2 3 4 

FAINTNESS 0 1 2 3 4 

TENSION 0 1 2 3 4 

TINGLING 0 1 2 3 4 

 

PINS AND NEEDLES 0 1 2 3 4 

COLDNESS OF HANDS OR FEET 0 1 2 3 4 

DIZZINESS 0 1 2 3 4 

TIGHT MUSCLES 0 1 2 3 4 

TEARFUL/SAD 0 1 2 3 4 

BREATHLESSNESS 0 1 2 3 4 

HEAVY HEADED 0 1 2 3 4 

LEGS WOBBLY 0 1 2 3 4 

APPREHENSION/FEAR 0 1 2 3 4 

DISCOMFORT IN CHEST 0 1 2 3 4 

HOT OR COLD ALL OVER 0 1 2 3 4 

OTHER (PLEASE SPECIFY) 

........................................... 

 

0 

 

1 

 

2 

 

3 

 

4 
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C.11 Expectations (Visual analogue scale) 

 

C.12 Post-experiment credibility questionnaire 

Post Experiment Questionnaire (adapted from Barkovec and Nau, 1972) 

 

 

EXPECTATIONS 
 
 

DIRECTIONS: Answer this question by putting a vertical line on the scale. For example: 
 
                             Not at all                                                                               Extremely 
 
 
 

 
  
  
 

How much do you expect this spray to reduce your anxiety by during the next inhalation? 
 
 
                             Not at all                                                                              Very much 
  

How confident 
are you that this 
treatment can 
successfully 
eliminate 
anxiety? 

 

Very slightly or     
not at all 

 
 
     1 

A little 
 
 
 
    2 

   Moderately 
 
 
 

3 

   Quite a bit 
 
 
 

4 

     Extremely 
 
 
 

5 

How confident 
would you be in 
recommending 
this treatment to 
a friend who 
suffers with 
anxiety in certain 
situations? 

 

 
 
 
 
    1 

 
 
 
 

            2 

 
 
 
 
      3 

 
 
 
 

            4 

 
 
 
 
      5 

If you suffered 
with anxiety, 
would you be 
willing to have 
this treatment? 

 

 
 
 
 
    1 

 
 
 
 
      2 

 
 
 
 
     3 

 
 
 
 

            4 

 
 
 
 
     5 





Appendix D 

171 

Appendix D ITSSAD study: study documents (Chapter 6) 

D.1 Participant information sheet 

Participant Information Sheet 
05/11/20 Version 1.2 

 
Study title: Investigating the role of perspective taking in social anxiety 
during videoconferencing 
 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin 
Other researchers: Alex McEwan 
ERGO number: 61411       
 
You are being invited to take part in the above research study. To help you decide whether 
you would like to take part or not, it is important that you understand why the research is 
being done and what it will involve. Please read the information below carefully and ask 
questions if anything is not clear or you would like more information before you decide to 
take part in this research. If you are happy to participate you will need to tick that you 
consent at the bottom of this page. 
 
What is the research about? 
Anxiety disorders are the most common psychiatric disorder and because they typically 
result in impairment of daily life, are among the most burdensome of medical conditions. 
Social Anxiety Disorder (SAD) is a common anxiety disorder, yet it is often not diagnosed or 
treated properly. Patients who suffer from SAD experience excessive anxiety and worry 
about social or performance situations, particularly where the person is exposed to 
potential scrutiny or unfamiliar people. 
 
Since the covid-19 pandemic, many of our social interactions have moved online. Evidence 
suggests that even these online interactions can cause significant worry and anxiety for 
patients with SAD. In this study, we will explore how the use of videoconferencing software 
might influence social anxiety. We will also explore whether a newly developed psychological 
treatment for social anxiety disorder can be delivered quickly, remotely, and effectively. 
This study will take place entirely online. 
 
We are recruiting male and female volunteers, aged between 18 and 45 years, who 
experience anxiety in social situations. 
 
Why have I been asked to participate? 
You have been invited to participate since you have enquired about our advertised studies. 
 
What will happen to me if I take part? 
After you have read this information sheet, you will be asked to give consent, so that we 
know you understand the study and wish to participate. 
 
There are three parts to this study: 
 

1. Pre-screening 
To check whether you meet our threshold for social anxiety, we will ask you to 
complete a pre-screening questionnaire that asks about your thoughts and 
feelings regarding social interaction. 
 

2. Screening 
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If you meet our threshold for social anxiety, then we will ask you to complete an 
online screening questionnaire to check you are eligible for the remainder of the 
study. The questionnaire will ask specific questions about your physical and 
mental health. You should be generally healthy and have no present mental 
health complaints other than social anxiety disorder. You should not have 
received any new treatments, either medication or talking therapy, in the past 
8 weeks. If you meet our list of entry criteria, then you will be invited to a testing 
session.   
 

3. Testing Session (Approximately 30 minutes) 
This session will also take place entirely online. 
 
At the beginning of the session, you will complete some questionnaires that ask 
about your physical and mental health. You will then either receive our new 
therapy or you will watch a control video of the same length. After this you will 
engage in a brief social interaction using videoconferencing software. This 
interaction will be recorded. You will then complete some more questionnaires 
to assess your mood and anxiety following this interaction. 
 
Before you agree to participate you will have the opportunity to review this 
information.  

 
Are there any benefits in my taking part? 
Psychology students at the University of Southampton will receive 1 course credit for 
completing the pre-screening questionnaire. If eligible, psychology students at the 
University of Southampton will be given a further 9 course credits on completion of the rest 
of the study. Beyond this you should not expect to directly benefit from taking part in this 
research study. Participants not eligible to receive credits will not receive any direct benefits 
from participating in this research. However, the information we obtain from this study 
might help us to understand and treat patients with anxiety disorders in the future. 
 
Are there any risks involved? 
Participants who meet any of the exclusion criteria should not take part in the study. The 
screening procedure will ask participants some questions about their physical and mental 
health. Information about local support services will be available to any participant that is 
concerned about their physical and mental wellbeing. 
 
We will be asking you to participate in a social interaction and this might cause you some 
mild anxiety. The interaction will be brief and we will check on your wellbeing on completion 
of this task. You will be able to stop at any time should you wish to end the conversation. 
 
What data will be collected? 
As part of the screening process, we will collect personally identifiable information including 
date of birth, gender identity, e-mail address and medical history. We collect this 
information to ensure that the study groups are reasonably balanced in terms of 
demographics and to ensure that you are eligible to participate in the study. This 
information will be stored in an electronic database. We also collect your contact details so 
that we can maintain contact with you during the study, and to make any necessary follow 
up contacts. We will not retain your contact details for future studies. 
 
During the testing session we will collect data on current mood and anxiety from 
questionnaires. We will also record the social interaction for qualitative analyses. These 
data will be stored in an electronic database. All data will be anonymised prior to analysis. 
 
All electronic databases containing personally identifiable information will be encrypted 
and password-protected. 
 
Will my participation be confidential? 
Your participation and the information we collect about you during the course of the 
research will be kept strictly confidential.  
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Only members of the research team (including supervisors) and responsible members of 
the University of Southampton may be given access to data about you for monitoring 
purposes and/or to carry out an audit of the study to ensure that the research is complying 
with applicable regulations. Individuals from regulatory authorities (people who check that 
we are carrying out the study correctly) may require access to your data. All these people 
have a duty to keep your information, as a research participant, strictly confidential. 
 
Do I have to take part? 
No, it is entirely up to you to decide whether or not to take part. If you decide you want to 
take part, you will need to give consent at the bottom of this page to show you have agreed 
to take part.  
 
What happens if I change my mind? 
You have the right to change your mind and withdraw at any time without giving a reason. 
If you withdraw before you complete the study then you will not receive the 9 course credits. 
If you withdraw from the study, you can request that we destroy the data we have gathered 
about you up until we have entered it into our secure database and begun analysis 
(approximately September 2021). 
 
What will happen to the results of the research? 
When the study has been completed, we shall analyse the data and report the findings. This 
will be reported in an appropriate scientific journal or presented at a scientific meeting. 
Your personal details will remain strictly confidential. Research findings made available in 
any reports or publications will not include information that can directly identify you 
without your specific consent. If you would like a copy of the final paper, you may request 
this. 
 
Once the project is complete, all data will be transferred and stored in the University 
Research Repository. We will seek your consent to store the data openly under the open 
science framework. Your data will be held in an anonymised form and unlinked to any 
personal identifiable information. This allows other researchers to use the data for future 
research without being able to identify you. Data will be stored here for a minimum of 15 
years. 
 
Where can I get more information? 
For further queries, please contact Dr Nathan Huneke (n.huneke@soton.ac.uk, tel: 02382 
310 775). 
 
What happens if there is a problem? 
If you have a concern about any aspect of this study, you should speak to the researchers 
who will do their best to answer your questions.  
 
If you remain unhappy or have a complaint about any aspect of this study, please contact 
the University of Southampton Research Integrity and Governance Manager (023 8059 
5058, rgoinfo@soton.ac.uk). 
 
Data Protection Privacy Notice 
The University of Southampton conducts research to the highest standards of research 
integrity. As a publicly-funded organisation, the University has to ensure that it is in the 
public interest when we use personally-identifiable information about people who have 
agreed to take part in research.  This means that when you agree to take part in a research 
study, we will use information about you in the ways needed, and for the purposes specified, 
to conduct and complete the research project. Under data protection law, ‘Personal data’ 
means any information that relates to and is capable of identifying a living individual. The 
University’s data protection policy governing the use of personal data by the University can 
be found on its website (https://www.southampton.ac.uk/legalservices/what-we-do/data-
protection-and-foi.page).  
 
This Participant Information Sheet tells you what data will be collected for this project and 
whether this includes any personal data. Please ask the research team if you have any 
questions or are unclear what data is being collected about you.  

mailto:n.huneke@soton.ac.uk
mailto:rgoinfo@soton.ac.uk
https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page
https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page
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Our privacy notice for research participants provides more information on how the 
University of Southampton collects and uses your personal data when you take part in one 
of our research projects and can be found at 
http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%2
0Integrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pd
f  
 
Any personal data we collect in this study will be used only for the purposes of carrying out 
our research and will be handled according to the University’s policies in line with data 
protection law. If any personal data is used from which you can be identified directly, it will 
not be disclosed to anyone else without your consent unless the University of Southampton 
is required by law to disclose it.  
 
Data protection law requires us to have a valid legal reason (‘lawful basis’) to process and 
use your Personal data. The lawful basis for processing personal information in this 
research study is for the performance of a task carried out in the public interest. Personal 
data collected for research will not be used for any other purpose. 
 
For the purposes of data protection law, the University of Southampton is the ‘Data 
Controller’ for this study, which means that we are responsible for looking after your 
information and using it properly. The University of Southampton will keep identifiable 
information about you for 15 years after the study has finished after which time any link 
between you and your information will be removed. 
 
To safeguard your rights, we will use the minimum personal data necessary to achieve our 
research study objectives. Your data protection rights – such as to access, change, or 
transfer such information - may be limited, however, in order for the research output to be 
reliable and accurate. The University will not do anything with your personal data that you 
would not reasonably expect.  
 
If you have any questions about how your personal data is used, or wish to exercise any of 
your rights, please consult the University’s data protection webpage 
(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page) 
where you can make a request using our online form. If you need further assistance, please 
contact the University’s Data Protection Officer (data.protection@soton.ac.uk). 
 
Thank you. 

 

http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%20Integrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pdf
http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%20Integrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pdf
http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%20Integrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pdf
mailto:data.protection@soton.ac.uk
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D.2 Debriefing statement 

Study title: Investigating the role of perspective taking in social anxiety 
during videoconferencing 
 
Debriefing statement: V1, 17/09/2020 
Project Lead: Dr Nathan Huneke 
Supervisors: Prof Matthew Garner, Prof David Baldwin 
Other researchers: Alex McEwan 
ERGO number: 61411 
 
Thank you for taking part in this experiment. A secondary aim of this research was to 
examine the effects of a remotely delivered placebo treatment on anxiety experienced 
during a social interaction. Your data will help us to understand whether it is possible to 
induce a placebo response on anxiety remotely. This experiment involved deception so 
that we could attempt to induce a placebo response. 
 
There is a need for improved treatments for patients with anxiety disorders, as many 
patients do not respond to first line psychological or pharmacological treatments, and drug 
treatments can cause unwanted side-effects. We normally test a new treatment by 
comparing it with a placebo; a 'dummy' treatment with no active ingredients. Sometimes, 
patients improve when given a placebo, and this is called 'the placebo response'. If many 
patients show this response in a clinical trial, it is difficult to establish whether a new 
treatment is effective. Learning more about how the placebo response works should make 
it easier to test potential new treatments. 
 
You were not given an active treatment at any point during this study. The abstract pattern 
you were shown was a stock video. You were randomized to one of two groups: 1) placebo 
with an expectation of it reducing anxiety or 2) placebo with no expectation of it reducing 
anxiety. If you were in group 1, then you were told that the video combining the colour 
yellow with movement was a treatment we had developed to activate certain parts of your 
brain that reduce anxiety. In reality there is no evidence that combining the colour yellow 
with movement reduces anxiety. The purpose of this was to see whether your beliefs about 
the treatment meant that you felt less anxious when you subsequently completed the social 
interaction. If you were in group 2, then you were told that the video was a placeholder to 
fill time while the other group received a treatment. We did this to ensure that participants 
in group 2 had no expectation of a benefit from the video. We can therefore compare the 
effects of expectation on anxiety during the social interaction between the two groups. 
 
In addition, to cause mild anxiety during the social interaction we informed you that three 
observers were watching you. In reality, some or all of these ‘observers’ were dummy 
accounts created to give the impression of a full observing panel. 
 
You may have a copy of this summary and a summary of the research findings once the 
project is completed if you wish. If you have any further questions please contact me, Dr 
Nathan Huneke, at n.huneke@soton.ac.uk, tel: 02382310775. 
  
If you are interested in finding out more about the rationale behind this research and the 
methods used in this project, please see the references below: 
 

1. Gaab et al. (2019). Effects and Components of Placebos with a Psychological 
Treatment Rationale – Three Randomized-Controlled Studies. Scientific 
Reports, 9:1421 

mailto:n.huneke@soton.ac.uk
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2. Norton, A.R. and Abbot, M.J. (2016). Self-Focused Cognition in Social Anxiety: A 
Review of the Theoretical and Empirical Literature. Behaviour Change, 33(1): 44-
64 

 
During this study we asked you to reflect on certain aspects of your physical and mental 
health. If at any point during your studies you become concerned about your mental or 
physical health then please contact your General Practitioner.  
 
If you have more general worries during your time as a student in Southampton, then please 
also be aware that Enabling Services or your personal tutor are available to provide support 
and advice. To contact Enabling Services, please email enable@soton.ac.uk or telephone 
02380 597 726. Skype appointments are also available. 
 
Thank you again for your participation in this research. 
 
If you have questions about your rights as a participant in this research, or if you feel that 
you have been placed at risk, you may contact the University of Southampton Research 
Integrity and Governance Manager (023 8059 5058, rgoinfo@soton.ac.uk). 
 

 

mailto:enable@soton.ac.uk
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D.3 Consent forms 

D.3.1 Consent form 1 

 

D.3.2 Consent form 2 
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Appendix E ITSSAD study: psychometric and 

questionnaire measures (Chapter 6) 

E.1 Social Phobia Inventory (SPIN) 
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E.2 Trait Modified Generalised Anxiety Disorder 7-item (GAD-7) 
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E.3 Social Interaction Anxiety Scale (SIAS) 
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E.4 Brief Fear of Negative Evaluation scale (BFNE) 
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E.5 Positive and Negative Affect Schedule (PANAS) 
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E.6 State modified Generalised Anxiety Disorder 7-item (GAD-7) 

 

E.7 Expectations (Visual analogue scale) 
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E.8 Perception of Speech Performance scale (SPS) 
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Appendix F ITSSAD Treatment scripts 

F.1 Placebo 

Thank you very much for taking part in this project. I’m Dr Nathan Huneke, a psychiatrist and the 

lead for this project. You have been randomised to our treatment group. We have recently 

gathered data that suggests that perceiving the colour yellow combined with some movement 

appears to stimulate regions of your brain that lead to feelings of relaxation and reductions in 

anxiety. With so many of our interactions and treatments that we give moving online we are 

testing today whether giving a treatment that combines yellow colour and movement, delivered 

remotely, can help people who experience anxiety with online interactions. You are about to view 

a video that combines the colour yellow and some movement. Try to concentrate on the colour 

and allow it to fully impact you. Our research suggests that the more you engage, the more it 

activates the brain, and the more likely you are to benefit. The video will start shortly.  

F.2 Control 

Thank you very much for taking part in this project. I’m Dr Nathan Huneke, a psychiatrist and the 

lead for this project. You are in the control group for this study. At this point in the protocol, 

individuals in the other group receive a treatment that might reduce their anxiety. We need to 

ensure that the timings of the experiment match, so we are going to fill this time with a brief 

video. You are about to watch an abstract video that should not affect your experience during the 

rest of the experiment. The video will start shortly. 
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Appendix G ITSSAD Analysis Code and Outputs 
library(tidyverse) 
 
wide_data <- read.csv('../inputs/anonymised_dataset.csv') 
wide_data$gender <- as.factor(wide_data$gender) 
wide_data$placebogroup <- as.factor(wide_data$placebogroup) 
wide_data$placebogroup <- relevel(wide_data$placebogroup, "placebo") 

Baseline characteristics are summarised in Table 1. 

library(tableone) 
 
table1 <- CreateTableOne( 
  vars = c("age", "gender", "spin", "brief_fne", "sias.total_score", "gad_baseline", "sps.total_sco
re"), 
  strata = c("placebogroup"), 
  data = wide_data 
) 

table1_for_kable <- print(table1, cramVars = "gender", exact = "gender") 

kableExtra::kable(table1_for_kable, booktabs = T) 

 placebo control p test 
n 38 38   
age (mean (SD)) 19.05 (1.29) 19.18 (1.61) 0.695  
gender = Female/Male (%) 34/4 (89.5/10.5) 36/2 (94.7/5.3) 0.674 exact 
spin (mean (SD)) 38.11 (12.56) 37.61 (11.49) 0.857  
brief_fne (mean (SD)) 32.61 (5.94) 34.18 (5.33) 0.234  
sias.total_score (mean (SD)) 42.56 (12.94) 41.55 (13.96) 0.750  
gad_baseline (mean (SD)) 247.72 (133.64) 259.39 (130.27) 0.705  
sps.total_score (mean (SD)) 32.40 (9.60) 31.82 (11.62) 0.823  

Here are individual statistical tests 
t.test(age ~ placebogroup, data = wide_data, var.equal = TRUE) 

 
    Two Sample t-test 
 
data:  age by placebogroup 
t = -0.393, df = 74, p-value = 0.6954 
alternative hypothesis: true difference in means between group placebo and group control is not equ
al to 0 
95 percent confidence interval: 
 -0.7986936  0.5355357 
sample estimates: 
mean in group placebo mean in group control  
             19.05263              19.18421  

t.test(spin ~ placebogroup, data = wide_data, var.equal = TRUE) 

 
    Two Sample t-test 
 
data:  spin by placebogroup 
t = 0.18107, df = 74, p-value = 0.8568 
alternative hypothesis: true difference in means between group placebo and group control is not equ
al to 0 
95 percent confidence interval: 
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 -5.002067  6.002067 
sample estimates: 
mean in group placebo mean in group control  
             38.10526              37.60526  

t.test(sias.total_score ~ placebogroup, data = wide_data, var.equal = TRUE) 

 
    Two Sample t-test 
 
data:  sias.total_score by placebogroup 
t = 0.32005, df = 72, p-value = 0.7499 
alternative hypothesis: true difference in means between group placebo and group control is not equ
al to 0 
95 percent confidence interval: 
 -5.243873  7.249721 
sample estimates: 
mean in group placebo mean in group control  
             42.55556              41.55263  

t.test(brief_fne ~ placebogroup, data = wide_data, var.equal = TRUE) 

 
    Two Sample t-test 
 
data:  brief_fne by placebogroup 
t = -1.1998, df = 72, p-value = 0.2342 
alternative hypothesis: true difference in means between group placebo and group control is not equ
al to 0 
95 percent confidence interval: 
 -4.186874  1.040675 
sample estimates: 
mean in group placebo mean in group control  
             32.61111              34.18421  

t.test(gad_baseline ~ placebogroup, data = wide_data, var.equal = TRUE) 

 
    Two Sample t-test 
 
data:  gad_baseline by placebogroup 
t = -0.38044, df = 72, p-value = 0.7047 
alternative hypothesis: true difference in means between group placebo and group control is not equ
al to 0 
95 percent confidence interval: 
 -72.83546  49.49043 
sample estimates: 
mean in group placebo mean in group control  
             247.7222              259.3947  

fisher.test(wide_data$gender, wide_data$placebogroup) 

 
    Fisher's Exact Test for Count Data 
 
data:  wide_data$gender and wide_data$placebogroup 
p-value = 0.6745 
alternative hypothesis: true odds ratio is not equal to 1 
95 percent confidence interval: 
 0.04063127 3.57514408 
sample estimates: 
odds ratio  
 0.4767756  

G.1 Expectations 

Were the verbal instructions successful? 

library(rstatix) 
library(ggstatsplot) 
 
levene_test(data = wide_data, expectancy ~ placebogroup) 
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# A tibble: 1 × 4 
    df1   df2 statistic     p 
  <int> <int>     <dbl> <dbl> 
1     1    72    0.0957 0.758 

kableExtra::kable( 
  t_test(expectancy ~ placebogroup, data = wide_data, var.equal = TRUE, detailed = TRUE), 
) 

estimate estimate1 estimate2 .y. group1 group2 n1 n2 statistic p df conf.low conf.high 

13.39474 33.5 20.10526 expectancy placebo control 38 38 2.69393 0.00878 72 3.482852 23.30662 
ggbetweenstats( 
  data = wide_data, 
  x = placebogroup, 
  y = expectancy, 
  plot.type = "boxviolin", 
  var.equal = TRUE, 
  bf.message = FALSE, 
  k = 3, # number of decimal places in all values 
  xlab = "Group", 
  ylab = "Expectation (VAS)", 
  centrality.point.args = list(size = 5, color = "black"), 
  violin.args = list( 
    aes( 
    fill = placebogroup,  
    colour = placebogroup 
    ),  
    alpha = 0.5, width = 0.6), 
  palette = "Set1", 
  ggtheme = ggthemes::theme_few() 
) + 
  scale_x_discrete(labels = c("Placebo", "Control")) + 
  scale_fill_manual(values = c("#E41A1C", "#377EB8")) 

 

Placebo group significantly higher expectation, but mean still relatively low (only 33.50). Big range 

of expectation though, with some moderate to high (in both groups). 
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G.2 Mixed Effects Models 
library(afex) 
library(emmeans) 
library(performance) 
 
data <- read.csv('../inputs/dataset_long_format.csv') 
data$time <- as.factor(data$time) 
data$time <- relevel(data$time, "baseline")  # put baseline first 
data$placebogroup <- as.factor(data$placebogroup) 
data$placebogroup <- relevel(data$placebogroup, "placebo") 

G.2.1 Anxiety 
model_gad = mixed( 
  gad7 ~ 1 + time + placebogroup + time*placebogroup + (1|participant_ID), 
  data = data 
  ) 
 
kableExtra::kable(model_gad$anova_table) 

 

 num Df den Df F Pr(>F) 
time 2 138.14779 26.7518927 0.0000000 
placebogroup 1 72.00792 1.4255511 0.2364104 
time:placebogroup 2 138.14779 0.6986918 0.4989838 

summary(model_gad) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula:  
gad7 ~ 1 + time + placebogroup + time * placebogroup + (1 | participant_ID) 
   Data: data 
 
REML criterion at convergence: 2666.7 
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-2.21291 -0.55056 -0.03111  0.47919  2.81383  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 13154    114.7    
 Residual                   11290    106.3    
Number of obs: 214, groups:  participant_ID, 74 
 
Fixed effects: 
                    Estimate Std. Error      df t value Pr(>|t|)     
(Intercept)          261.599     15.245  72.008  17.160  < 2e-16 *** 
time1                -74.831     10.267 139.171  -7.288 2.14e-11 *** 
time2                 42.265     10.315 137.382   4.097 7.11e-05 *** 
placebogroup1        -18.202     15.245  72.008  -1.194    0.236     
time1:placebogroup1    1.601     10.267 139.171   0.156    0.876     
time2:placebogroup1  -11.335     10.315 137.382  -1.099    0.274     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
            (Intr) time1  time2  plcbg1 tm1:p1 
time1       -0.023                             
time2        0.005 -0.488                      
placebogrp1  0.020  0.010  0.002               
tm1:plcbgr1  0.010  0.011 -0.015 -0.023        
tm2:plcbgr1  0.002 -0.015  0.008  0.005 -0.488 

kableExtra::kable(model_performance(model_gad)) 
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R2_conditional R2_marginal ICC RMSE Sigma 
0.592742 0.1182714 0.5381141 NA 106.2557 

afex_plot( 
  model_gad, 
  x = "time", 
  trace = "placebogroup", 
  mapping = c("shape", "color", "fill"), 
  dodge = 0.8, 
  data_geom = geom_violin, 
  data_arg = list(dodge.width = 0.8), 
  point_arg = list(size = 3), 
  error_arg = list(size = 1, width = 0.2), 
  legend_title = "Group" 
) + 
  geom_jitter( 
    inherit.aes = FALSE, 
    aes( 
      x = time, 
      y = gad7, 
      colour = placebogroup, 
      shape = placebogroup 
    ),  
    data = data, 
    position = position_jitterdodge(), 
    alpha = 0.3 
    ) +  
  scale_color_brewer(palette = "Set1") + 
  scale_fill_brewer(palette = "Set1") + 
  ggthemes::theme_few() + 
  labs(y = "Modified GAD-7", x = "") + 
  scale_x_discrete(labels = c("Baseline", "Post-anticipation", "Post-social interaction")) 

 
gad_means <- emmeans(model_gad, list(pairwise ~ time*placebogroup), adjust = "Tukey") 
 
kableExtra::kable(gad_means$`emmeans of time, placebogroup`) 
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time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 170.1667 26.05754 133.3961 118.6273 221.7061 
anticipation placebo 274.3261 26.32396 136.0353 222.2690 326.3832 
end placebo 285.6975 26.32396 136.0353 233.6404 337.7546 
baseline control 203.3684 25.36255 133.3961 153.2036 253.5332 
anticipation control 333.4003 25.86437 138.4582 282.2601 384.5405 
end control 302.6322 26.34508 144.2398 250.5599 354.7045 

kableExtra::kable(gad_means$`pairwise differences of time, placebogroup`) 

1 estimate SE df t.ratio p.value 

baseline placebo - anticipation placebo -104.15941 25.32177 137.5302 -4.1134333 0.0009294 

baseline placebo - end placebo -115.53084 25.32177 137.5302 -4.5625104 0.0001592 

baseline placebo - baseline control -33.20175 36.36282 133.3961 -0.9130688 0.9425747 

baseline placebo - anticipation control -163.23362 36.71459 135.8946 -4.4460149 0.0002569 

baseline placebo - end control -132.46549 37.05481 138.8229 -3.5748527 0.0063010 

anticipation placebo - end placebo -11.37143 25.39996 136.2949 -0.4476947 0.9976921 

anticipation placebo - baseline control 70.95766 36.55420 134.7608 1.9411629 0.3819370 

anticipation placebo - anticipation control -59.07421 36.90415 137.2224 -1.6007470 0.5994835 

anticipation placebo - end control -28.30607 37.24264 140.1118 -0.7600448 0.9736427 

end placebo - baseline control 82.32909 36.55420 134.7608 2.2522470 0.2212985 

end placebo - anticipation control -47.70278 36.90415 137.2224 -1.2926128 0.7886413 

end placebo - end control -16.93465 37.24264 140.1118 -0.4547112 0.9975160 

baseline control - anticipation control -130.03187 24.89842 138.6541 -5.2224952 0.0000093 

baseline control - end control -99.26373 25.39742 139.6405 -3.9084180 0.0019692 

anticipation control - end control 30.76813 25.54085 137.3512 1.2046638 0.8339505 

G.2.2 PANAS positive 
model_panas_pos = mixed( 
  panas_pos ~ 1 + time + placebogroup + time*placebogroup + (1|participant_ID), 
  data = data 
  ) 
 
kableExtra::kable(model_panas_pos$anova_table) 

 num Df den Df F Pr(>F) 
time 2 135.62923 17.7392832 0.0000001 
placebogroup 1 70.74355 1.2352464 0.2701522 
time:placebogroup 2 135.62923 0.1912519 0.8261468 

summary(model_panas_pos) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula: panas_pos ~ 1 + time + placebogroup + time * placebogroup + (1 |   
    participant_ID) 
   Data: data 
 
REML criterion at convergence: 1339.4 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.6153 -0.5450 -0.0757  0.4509  3.5469  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 32.07    5.663    
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 Residual                   17.31    4.161    
Number of obs: 213, groups:  participant_ID, 74 
 
Fixed effects: 
                     Estimate Std. Error        df t value Pr(>|t|)     
(Intercept)          20.26221    0.72042  70.74355  28.126  < 2e-16 *** 
time1                 2.32258    0.40420 136.91175   5.746 5.67e-08 *** 
time2                -0.59491    0.40610 134.89944  -1.465    0.145     
placebogroup1         0.80068    0.72042  70.74355   1.111    0.270     
time1:placebogroup1  -0.16326    0.40420 136.91175  -0.404    0.687     
time2:placebogroup1  -0.08475    0.40610 134.89944  -0.209    0.835     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
            (Intr) time1  time2  plcbg1 tm1:p1 
time1       -0.025                             
time2        0.010 -0.493                      
placebogrp1  0.019  0.013 -0.004               
tm1:plcbgr1  0.013  0.003 -0.006 -0.025        
tm2:plcbgr1 -0.004 -0.006 -0.002  0.010 -0.493 

kableExtra::kable(model_performance(model_panas_pos)) 

R2_conditional R2_marginal ICC RMSE Sigma 
0.6731969 0.0678232 0.6494194 NA 4.160676 

afex_plot( 
  model_panas_pos, 
  x = "time", 
  trace = "placebogroup", 
  mapping = c("shape", "color", "fill"), 
  dodge = 0.8, 
  data_geom = geom_violin, 
  data_arg = list(dodge.width = 0.8), 
  point_arg = list(size = 3), 
  error_arg = list(size = 1, width = 0.2), 
  legend_title = "Group" 
) + 
  geom_jitter( 
    inherit.aes = FALSE, 
    aes( 
      x = time, 
      y = panas_pos, 
      colour = placebogroup, 
      shape = placebogroup 
    ),  
    data = data, 
    position = position_jitterdodge(), 
    alpha = 0.3 
    ) +  
  scale_color_brewer(palette = "Set1") + 
  scale_fill_brewer(palette = "Set1") + 
  ggthemes::theme_few() + 
  labs(y = "PANAS Positive", x = "") + 
  scale_x_discrete(labels = c("Baseline", "Post-anticipation", "Post-social interaction")) 
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panas_pos_means <- emmeans(model_panas_pos, list(pairwise ~ time*placebogroup),  
                           adjust = "Tukey") 
 
kableExtra::kable(panas_pos_means$`emmeans of time, placebogroup`) 

time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 23.22222 1.171167 114.4423 20.90225 25.54220 
anticipation placebo 20.38324 1.180906 116.8349 18.04448 22.72199 
end placebo 19.58324 1.180906 116.8349 17.24448 21.92199 
baseline control 21.94737 1.139930 114.4423 19.68927 24.20547 
anticipation control 18.95137 1.168138 121.5109 16.63883 21.26391 
end control 17.48585 1.176834 124.0141 15.15657 19.81513 

kableExtra::kable(panas_pos_means$`pairwise differences of time, placebogroup`) 

1 estimate SE df t.ratio p.value 

baseline placebo - anticipation placebo 2.8389870 0.9922917 136.2422 2.8610406 0.0541183 

baseline placebo - end placebo 3.6389870 0.9922917 136.2422 3.6672552 0.0046369 

baseline placebo - baseline control 1.2748538 1.6343414 114.4423 0.7800413 0.9703872 

baseline placebo - anticipation control 4.2708538 1.6541400 117.9222 2.5819180 0.1099007 

baseline placebo - end control 5.7363710 1.6602922 119.1710 3.4550369 0.0097086 

anticipation placebo - end placebo 0.8000000 0.9945918 135.2148 0.8043501 0.9662952 

anticipation placebo - baseline control -1.5641332 1.6413348 115.6753 -0.9529642 0.9315432 

anticipation placebo - anticipation control 1.4318668 1.6610500 119.1282 0.8620251 0.9546914 

anticipation placebo - end control 2.8973839 1.6671768 120.3683 1.7378984 0.5097417 

end placebo - baseline control -2.3641332 1.6413348 115.6753 -1.4403723 0.7023732 

end placebo - anticipation control 0.6318668 1.6610500 119.1282 0.3804020 0.9989413 
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1 estimate SE df t.ratio p.value 

end placebo - end control 2.0973839 1.6671768 120.3683 1.2580453 0.8069627 

baseline control - anticipation control 2.9960000 0.9880407 138.1724 3.0322636 0.0337754 

baseline control - end control 4.4615172 0.9983065 138.5110 4.4690857 0.0002314 

anticipation control - end control 1.4655172 1.0047906 135.6042 1.4585299 0.6910616 

G.2.3 PANAS negative 
model_panas_neg = mixed( 
  panas_neg ~ 1 + time + placebogroup + time*placebogroup + (1|participant_ID), 
  data = data 
  ) 
 
kableExtra::kable(model_panas_neg$anova_table) 

 num Df den Df F Pr(>F) 
time 2 135.57788 15.7247513 0.0000007 
placebogroup 1 70.03258 0.1152439 0.7352671 
time:placebogroup 2 135.57788 0.1832376 0.8327761 

summary(model_panas_neg) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula: panas_neg ~ 1 + time + placebogroup + time * placebogroup + (1 |   
    participant_ID) 
   Data: data 
 
REML criterion at convergence: 1351.5 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-3.0044 -0.5382 -0.0426  0.4507  2.4736  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 24.21    4.920    
 Residual                   20.92    4.574    
Number of obs: 213, groups:  participant_ID, 74 
 
Fixed effects: 
                     Estimate Std. Error        df t value Pr(>|t|)     
(Intercept)          20.35953    0.65552  70.03259  31.059  < 2e-16 *** 
time1                -2.47429    0.44344 137.11778  -5.580 1.24e-07 *** 
time2                 1.44295    0.44621 134.68471   3.234  0.00154 **  
placebogroup1        -0.22253    0.65552  70.03259  -0.339  0.73527     
time1:placebogroup1  -0.02381    0.44344 137.11778  -0.054  0.95725     
time2:placebogroup1  -0.22247    0.44621 134.68471  -0.499  0.61889     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
            (Intr) time1  time2  plcbg1 tm1:p1 
time1       -0.028                             
time2        0.010 -0.492                      
placebogrp1  0.017  0.014 -0.004               
tm1:plcbgr1  0.014  0.005 -0.007 -0.028        
tm2:plcbgr1 -0.004 -0.007 -0.001  0.010 -0.492 

kableExtra::kable(model_performance(model_panas_neg)) 

R2_conditional R2_marginal ICC RMSE Sigma 
0.5674885 0.0670533 0.5364027 NA 4.574161 

afex_plot( 
  model_panas_neg, 
  x = "time", 
  trace = "placebogroup", 
  mapping = c("shape", "color", "fill"), 
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  dodge = 0.8, 
  data_geom = geom_violin, 
  data_arg = list(dodge.width = 0.8), 
  point_arg = list(size = 3), 
  error_arg = list(size = 1, width = 0.2), 
  legend_title = "Group" 
) + 
  geom_jitter( 
    inherit.aes = FALSE, 
    aes( 
      x = time, 
      y = panas_neg, 
      colour = placebogroup, 
      shape = placebogroup 
    ),  
    data = data, 
    position = position_jitterdodge(), 
    alpha = 0.3 
    ) +  
  scale_color_brewer(palette = "Set1") + 
  scale_fill_brewer(palette = "Set1") + 
  ggthemes::theme_few() + 
  labs(y = "PANAS Negative", x = "") + 
  scale_x_discrete(labels = c("Baseline", "Post-anticipation", "Post-social interaction")) 

 
panas_neg_means <- emmeans(model_panas_neg, list(pairwise ~ time*placebogroup),  
                           adjust = "Tukey") 
 
kableExtra::kable(panas_neg_means$`emmeans of time, placebogroup`) 

time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 17.63889 1.119669 133.1399 15.42425 19.85353 
anticipation placebo 21.35748 1.131147 135.7702 19.12053 23.59442 
end placebo 21.41462 1.131147 135.7702 19.17767 23.65157 
baseline control 18.13158 1.089806 133.1399 15.97601 20.28715 
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time placebogroup emmean SE df lower.CL upper.CL 
anticipation control 22.24748 1.122988 140.8024 20.02739 24.46758 
end control 21.36712 1.133584 143.7236 19.12647 23.60777 

kableExtra::kable(panas_neg_means$`pairwise differences of time, placebogroup`) 

1 estimate SE df t.ratio p.value 

baseline placebo - anticipation placebo -3.7185879 1.090056 136.6112 -3.4113747 0.0107902 

baseline placebo - end placebo -3.7757308 1.090056 136.6112 -3.4637967 0.0091167 

baseline placebo - baseline control -0.4926901 1.562478 133.1399 -0.3153262 0.9995760 

baseline placebo - anticipation control -4.6085947 1.585800 136.9532 -2.9061635 0.0479323 

baseline placebo - end control -3.7282346 1.593321 138.4453 -2.3399145 0.1854103 

anticipation placebo - end placebo -0.0571429 1.093434 135.3794 -0.0522600 0.9999999 

anticipation placebo - baseline control 3.2258978 1.570723 134.5002 2.0537660 0.3180339 

anticipation placebo - anticipation control -0.8900068 1.593925 138.2562 -0.5583743 0.9934607 

anticipation placebo - end control -0.0096467 1.601408 139.7282 -0.0060239 1.0000000 

end placebo - baseline control 3.2830407 1.570723 134.5002 2.0901460 0.2987070 

end placebo - anticipation control -0.8328640 1.593925 138.2562 -0.5225239 0.9952038 

end placebo - end control 0.0474962 1.601408 139.7282 0.0296590 1.0000000 

baseline control - anticipation control -4.1159047 1.083805 138.9384 -3.7976421 0.0029307 

baseline control - end control -3.2355445 1.094780 139.4221 -2.9554293 0.0418159 

anticipation control - end control 0.8803601 1.104313 135.9170 0.7972020 0.9675667 

Overall there is no evidence of any significant differences between the groups on anxiety 
or affect measures. 

G.2.4 Perception of speech performance 
levene_test(data = wide_data, sps.total_score ~ placebogroup) 

# A tibble: 1 × 4 
    df1   df2 statistic     p 
  <int> <int>     <dbl> <dbl> 
1     1    67     0.394 0.532 

kableExtra::kable( 
  t_test(sps.total_score ~ placebogroup,  
         data = wide_data,  
         var.equal = TRUE, detailed = TRUE), 
) 

estimate estimate1 estimate2 .y. group1 group2 n1 n2 statistic p df conf.low conf.high 

0.5764706 32.4 31.82353 sps.total_score placebo control 38 38 0.224878 0.823 67 -4.54026 5.6932 
ggbetweenstats( 
  data = wide_data, 
  x = placebogroup, 
  y = sps.total_score, 
  plot.type = "boxviolin", 
  k = 3, 
  var.equal = TRUE, 
  bf.message = FALSE, 
  xlab = "Group", 
  ylab = "Subjective Perception of Speech Performance", 
  centrality.point.args = list(size = 5, color = "black"), 
  violin.args = list( 
    aes( 
    fill = placebogroup,  
    colour = placebogroup 
    ),  
    alpha = 0.5, width = 0.6), 
  palette = "Set1", 
  ggtheme = ggthemes::theme_few() 
) + 
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  scale_x_discrete(labels = c("Placebo", "Control")) + 
  scale_fill_manual(values = c("#E41A1C", "#377EB8")) 

 

G.3 Exploratory analyses 
#placebo_long <- filter(data, placebogroup == "placebo") 
#placebo_long$expectancy.centered <- scale(placebo_long$expectancy) 
 
data$expectancy.centered <- scale(data$expectancy) 

G.3.1 Anxiety 
model_gad_exploratory1 = mixed( 
  gad7 ~ time + expectancy.centered + placebogroup +  
    time*placebogroup*expectancy.centered + (1|participant_ID), 
  data = data, 
  ) 
 
model_gad_exploratory2 = mixed( 
  gad7 ~ time + expectancy.centered + placebogroup + time*placebogroup + 
    time*expectancy.centered + (1|participant_ID), 
  data = data, 
) 
 
model_gad_exploratory3 = mixed( 
  gad7 ~ time + expectancy.centered + placebogroup + (1|participant_ID), 
  data = data, 
) 
 
kableExtra::kable( 
  anova(model_gad_exploratory3, model_gad_exploratory2,  

model_gad_exploratory1) 
) 
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 npar AIC BIC logLik deviance Chisq Df Pr(>Chisq) 

model_gad_exploratory3 7 2683.479 2707.041 -1334.740 2669.479 NA NA NA 

model_gad_exploratory2 11 2663.322 2700.347 -1320.661 2641.322 28.15785 4 1.16e-05 

model_gad_exploratory1 14 2642.917 2690.040 -1307.458 2614.917 26.40478 3 7.80e-06 
kableExtra::kable( 
  performance::compare_performance(model_gad_exploratory3,  
                                   model_gad_exploratory2,  
                                   model_gad_exploratory1,  
                                   rank = TRUE) 
) 

Name Model R2_conditional R2_marginal ICC RMSE Sigma Performance_Score 

model_gad_exploratory1 mixed 0.6099343 0.1656479 0.5324927 NA 105.2048 1.0000000 

model_gad_exploratory3 mixed 0.5970661 0.1479873 0.5270800 NA 105.9598 0.2529543 

model_gad_exploratory2 mixed 0.5951965 0.1516536 0.5228323 NA 106.5657 0.0519002 

The best performing model is the most complex. 
kableExtra::kable(anova(model_gad_exploratory1)) 

 
num 

Df den Df F Pr(>F) 
time 2 134.66535 19.5805940 0.0000000 
expectancy.centered 1 69.35130 4.4338545 0.0388556 
placebogroup 1 70.53165 3.2864625 0.0741086 
time:placebogroup 2 134.66535 0.3681055 0.6927383 
time:expectancy.centered 2 133.59251 0.4027375 0.6692964 
expectancy.centered:placebogroup 1 69.35130 0.7237629 0.3978402 
time:expectancy.centered:placebogroup 2 133.59251 2.7740674 0.0660060 

summary(model_gad_exploratory1) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula:  
gad7 ~ time + expectancy.centered + placebogroup + time * placebogroup *   
    expectancy.centered + (1 | participant_ID) 
   Data: data 
 
REML criterion at convergence: 2614.9 
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-1.99579 -0.56769  0.00214  0.51676  2.67410  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 12607    112.3    
 Residual                   11068    105.2    
Number of obs: 214, groups:  participant_ID, 74 
 
Fixed effects: 
                                        Estimate Std. Error      df t value 
(Intercept)                              256.733     15.743  70.532  16.307 
time1                                    -66.921     10.717 136.104  -6.245 
time2                                     36.807     10.784 133.772   3.413 
expectancy.centered                       33.222     15.777  69.351   2.106 
placebogroup1                            -28.541     15.743  70.532  -1.813 
time1:placebogroup1                        1.293     10.717 136.104   0.121 
time2:placebogroup1                       -8.624     10.784 133.772  -0.800 
time1:expectancy.centered                  2.327     10.665 134.205   0.218 
time2:expectancy.centered                 -9.238     10.693 133.239  -0.864 
expectancy.centered:placebogroup1         13.422     15.777  69.351   0.851 
time1:expectancy.centered:placebogroup1  -24.463     10.665 134.205  -2.294 
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time2:expectancy.centered:placebogroup1   17.159     10.693 133.239   1.605 
                                        Pr(>|t|)     
(Intercept)                              < 2e-16 *** 
time1                                   5.06e-09 *** 
time2                                    0.00085 *** 
expectancy.centered                      0.03886 *   
placebogroup1                            0.07411 .   
time1:placebogroup1                      0.90414     
time2:placebogroup1                      0.42530     
time1:expectancy.centered                0.82760     
time2:expectancy.centered                0.38919     
expectancy.centered:placebogroup1        0.39784     
time1:expectancy.centered:placebogroup1  0.02336 *   
time2:expectancy.centered:placebogroup1  0.11094     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
            (Intr) time1  time2  expct. plcbg1 tm1:p1 tm2:p1 tm1:x. tm2:x. 
time1       -0.028                                                         
time2        0.009 -0.490                                                  
expctncy.cn -0.047  0.004  0.000                                           
placebogrp1  0.035  0.007  0.002 -0.310                                    
tm1:plcbgr1  0.007  0.029 -0.022  0.013 -0.028                             
tm2:plcbgr1  0.002 -0.022  0.027 -0.008  0.009 -0.490                      
tm1:xpctnc.  0.004 -0.049  0.022 -0.011  0.013 -0.316  0.160               
tm2:xpctnc.  0.000  0.022 -0.051  0.004 -0.008  0.160 -0.321 -0.497        
expctncy.:1 -0.310  0.013 -0.008  0.120 -0.047  0.004  0.000 -0.003  0.003 
tm1:xpct.:1  0.013 -0.316  0.160 -0.003  0.004 -0.049  0.022  0.122 -0.063 
tm2:xpct.:1 -0.008  0.160 -0.321  0.003  0.000  0.022 -0.051 -0.063  0.123 
            exp.:1 t1:.:1 
time1                     
time2                     
expctncy.cn               
placebogrp1               
tm1:plcbgr1               
tm2:plcbgr1               
tm1:xpctnc.               
tm2:xpctnc.               
expctncy.:1               
tm1:xpct.:1 -0.011        
tm2:xpct.:1  0.004 -0.497 

expl_gad_means <- emmeans(model_gad_exploratory1, list(pairwise ~ time*placebogroup), 
                          adjust = "Tukey") 

NOTE: Results may be misleading due to involvement in interactions 

kableExtra::kable(expl_gad_means$`emmeans of time, placebogroup`) 

time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 162.7914 27.02564 130.5596 109.3266 216.2563 
anticipation placebo 256.8820 27.47593 134.6774 202.5419 311.2222 
end placebo 266.2014 27.47593 134.6774 211.8613 320.5416 
baseline control 217.4911 26.09782 130.5596 165.8617 269.1204 
anticipation control 330.6437 26.71747 136.3872 277.8096 383.4777 
end control 308.2374 27.08019 140.4717 254.7000 361.7749 

kableExtra::kable(expl_gad_means$`pairwise differences of time, placebogroup`) 

1 estimate SE df t.ratio p.value 

baseline placebo - anticipation placebo -94.090613 26.59816 134.2363 -3.5374854 0.0071975 

baseline placebo - end placebo -103.410014 26.59816 134.2363 -3.8878631 0.0021530 

baseline placebo - baseline control -54.699645 37.56969 130.5596 -1.4559516 0.6926811 

baseline placebo - anticipation control -167.852236 38.00274 133.4224 -4.4168456 0.0002920 

baseline placebo - end control -145.446006 38.25861 135.4801 -3.8016539 0.0029150 

anticipation placebo - end placebo -9.319401 26.73086 132.3021 -0.3486383 0.9993082 
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1 estimate SE df t.ratio p.value 

anticipation placebo - baseline control 39.390968 37.89489 132.7153 1.0394796 0.9037051 

anticipation placebo - anticipation control -73.761623 38.32427 135.5070 -1.9246712 0.3917442 

anticipation placebo - end control -51.355393 38.57801 137.5188 -1.3312089 0.7672064 

end placebo - baseline control 48.710369 37.89489 132.7153 1.2854072 0.7925222 

end placebo - anticipation control -64.442222 38.32427 135.5070 -1.6814989 0.5463559 

end placebo - end control -42.035992 38.57801 137.5188 -1.0896360 0.8847954 

baseline control - anticipation control -113.152591 25.87589 135.0322 -4.3728960 0.0003449 

baseline control - end control -90.746361 26.25024 135.7297 -3.4569726 0.0093347 

anticipation control - end control 22.406230 26.42937 133.0580 0.8477775 0.9578297 
 

gad.trends <- emtrends(model_gad_exploratory1, specs = pairwise ~ time:placebogroup,  
var = "expectancy.centered") 
 
kableExtra::kable(summary(gad.trends, infer = TRUE)) 

time placebogroup expectancy.centered.trend SE df lower.CL upper.CL t.ratio p.value 

baseline placebo 24.50871 28.34532 130.5596 -31.566860 80.58429 0.8646476 0.3888181 

anticipation placebo 54.56532 28.62926 133.0510 -2.062040 111.19268 1.9059287 0.0588164 

end placebo 60.85896 28.62926 133.0510 4.231596 117.48632 2.1257610 0.0353706 

baseline control 46.58942 25.14110 130.5596 -3.147241 96.32609 1.8531177 0.0661231 

anticipation control -6.59745 25.29112 132.0493 -56.625615 43.43072 -0.2608603 0.7946066 

end control 19.40634 25.39139 133.2680 -30.815918 69.62860 0.7642882 0.4460466 
 

 

contrast estimate SE df lower.CL upper.CL t.ratio p.value 

baseline placebo - anticipation placebo -30.056607 27.70237 133.4755 -110.15952 50.04631 -1.0849832 0.8866089 

baseline placebo - end placebo -36.350243 27.70237 133.4755 -116.45316 43.75267 -1.3121709 0.7778733 

baseline placebo - baseline control -22.080710 37.88842 130.5596 -131.67288 87.51146 -0.5827825 0.9920169 

baseline placebo - anticipation control 31.106165 37.98813 131.2187 -78.76618 140.97851 0.8188390 0.9636013 

baseline placebo - end control 5.102375 38.05496 131.7614 -104.95652 115.16127 0.1340791 0.9999938 

anticipation placebo - end placebo -6.293636 27.78643 132.3021 -86.65003 74.06276 -0.2265003 0.9999166 

anticipation placebo - baseline control 7.975898 38.10131 131.9628 -102.21455 118.16634 0.2093340 0.9999435 

anticipation placebo - anticipation control 61.162773 38.20046 132.6114 -49.30645 171.63200 1.6011004 0.5993011 

anticipation placebo - end control 35.158982 38.26692 133.1465 -75.49589 145.81386 0.9187827 0.9410864 

end placebo - baseline control 14.269534 38.10131 131.9628 -95.92091 124.45998 0.3745156 0.9990209 

end placebo - anticipation control 67.456408 38.20046 132.6114 -43.01282 177.92563 1.7658533 0.4912849 

end placebo - end control 41.452618 38.26692 133.1465 -69.20226 152.10749 1.0832495 0.8872883 

baseline control - anticipation control 53.186875 24.46559 133.0049 -17.56037 123.93412 2.1739460 0.2569501 

baseline control - end control 27.183084 24.56923 133.2272 -43.86211 98.22828 1.1063874 0.8779946 

anticipation control - end control -26.003790 24.61358 132.5288 -97.18274 45.17516 -1.0564812 0.8975072 
 

 

emmip(model_gad_exploratory1, time:placebogroup ~ expectancy.centered, cov.reduce = range, linearg 
= list(size = 2)) + scale_color_brewer(palette = "RdBu") + ggthemes::theme_few() 
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G.3.2 PANAS Positive 
model_panas_pos_exploratory1 = mixed( 
  panas_pos ~ time + expectancy.centered + placebogroup +  
    time*expectancy.centered*placebogroup + (1|participant_ID), 
  data = data, 
  ) 
 
model_panas_pos_exploratory2 = mixed( 
  panas_pos ~ time + expectancy.centered + placebogroup + time*placebogroup + 
    time*expectancy.centered + (1|participant_ID), 
  data = data, 
) 
 
model_panas_pos_exploratory3 = mixed( 
  panas_pos ~ time + expectancy.centered + placebogroup + (1|participant_ID), 
  data = data, 
) 
 
kableExtra::kable( 
  anova(model_panas_pos_exploratory3, model_panas_pos_exploratory2, 
        model_panas_pos_exploratory1) 
) 

 npar AIC BIC logLik deviance Chisq Df Pr(>Chisq) 

model_panas_pos_exploratory3 7 1334.397 1357.926 -660.1983 1320.397 NA NA NA 

model_panas_pos_exploratory2 11 1337.136 1374.110 -657.5679 1315.136 5.260755 4 0.2615733 

model_panas_pos_exploratory1 14 1337.987 1385.045 -654.9933 1309.987 5.149247 3 0.1611891 
kableExtra::kable( 
  performance::compare_performance(model_panas_pos_exploratory3, 
                                   model_panas_pos_exploratory2, 
                                   model_panas_pos_exploratory1,  
                                   rank = TRUE) 
) 
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Name Model R2_conditional R2_marginal ICC RMSE Sigma Performance_Score 

model_panas_pos_exploratory2 mixed 0.6849476 0.2333223 0.5890680 NA 4.108215 0.7585768 

model_panas_pos_exploratory1 mixed 0.6874184 0.2491206 0.5837127 NA 4.108482 0.7475229 

model_panas_pos_exploratory3 mixed 0.6785132 0.2261657 0.5845534 NA 4.135142 0.0392475 

In this case, more complex models do not perform better than simpler ones. 
kableExtra::kable(anova(model_panas_pos_exploratory3)) 

 num Df den Df F Pr(>F) 
time 2 137.86464 18.0221747 0.0000001 
expectancy.centered 1 68.51960 20.2944183 0.0000266 
placebogroup 1 69.76941 0.0322632 0.8579718 

summary(model_panas_pos_exploratory3) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula: panas_pos ~ time + expectancy.centered + placebogroup + (1 |   
    participant_ID) 
   Data: data 
 
REML criterion at convergence: 1320.4 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.5329 -0.5136 -0.0754  0.4247  3.7676  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 24.06    4.905    
 Residual                   17.10    4.135    
Number of obs: 213, groups:  participant_ID, 74 
 
Fixed effects: 
                    Estimate Std. Error       df t value Pr(>|t|)     
(Intercept)          20.2409     0.6397  69.5742  31.640  < 2e-16 *** 
time1                 2.3234     0.4012 139.3324   5.791 4.45e-08 *** 
time2                -0.5934     0.4035 137.0323  -1.471    0.144     
expectancy.centered   3.0137     0.6690  68.5196   4.505 2.66e-05 *** 
placebogroup1        -0.1207     0.6718  69.7694  -0.180    0.858     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
            (Intr) time1  time2  expct. 
time1       -0.027                      
time2        0.010 -0.492               
expctncy.cn -0.010  0.002  0.001        
placebogrp1  0.020  0.013 -0.004 -0.306 

expl_panas_pos_means <- emmeans(model_panas_pos_exploratory3,  
                                list(pairwise ~ time*placebogroup),  
                                adjust = "Tukey") 
 
kableExtra::kable(expl_panas_pos_means$`emmeans of time, placebogroup`) 

time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 22.47720 1.0145214 95.35930 20.46322 24.49118 
anticipation placebo 19.56042 1.0203324 97.01366 17.53535 21.58550 
end placebo 18.42373 1.0215166 97.37194 16.39640 20.45106 
baseline control 22.71853 0.9932686 96.62299 20.74707 24.68999 
anticipation control 19.80175 1.0083160 100.48418 17.80140 21.80210 
end control 18.66506 1.0119035 101.60989 16.65786 20.67226 

kableExtra::kable(expl_panas_pos_means$`pairwise differences of time, placebogroup`) 
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1 estimate SE df t.ratio p.value 

baseline placebo - anticipation placebo 2.9167798 0.6952496 139.57384 4.1952991 0.0006759 

baseline placebo - end placebo 4.0534697 0.6987816 139.77657 5.8007673 0.0000006 

baseline placebo - baseline control -0.2413260 1.3437436 70.86445 -0.1795923 0.9999730 

baseline placebo - anticipation control 2.6754539 1.5189842 110.32094 1.7613441 0.4948393 

baseline placebo - end control 3.8121437 1.5221913 111.01056 2.5043789 0.1317131 

anticipation placebo - end placebo 1.1366898 0.7024550 137.52965 1.6181676 0.5880301 

anticipation placebo - baseline control -3.1581058 1.5068925 108.42637 -2.0957738 0.2972872 

anticipation placebo - anticipation control -0.2413260 1.3437436 70.86445 -0.1795923 0.9999730 

anticipation placebo - end control 0.8953639 1.5178667 110.90095 0.5898831 0.9915263 

end placebo - baseline control -4.2947956 1.5069238 108.43055 -2.8500418 0.0572061 

end placebo - anticipation control -1.3780158 1.5146816 110.21186 -0.9097726 0.9432661 

end placebo - end control -0.2413260 1.3437436 70.86445 -0.1795923 0.9999730 

baseline control - anticipation control 2.9167798 0.6952496 139.57384 4.1952991 0.0006759 

baseline control - end control 4.0534697 0.6987816 139.77657 5.8007673 0.0000006 

anticipation control - end control 1.1366898 0.7024550 137.52965 1.6181676 0.5880301 
emmip(model_panas_pos_exploratory1, time:placebogroup ~ expectancy.centered, cov.reduce = range, li
nearg = list(size = 2)) + scale_color_brewer(palette = "RdBu") + ggthemes::theme_few() 

 

G.3.3 PANAS Negative 
model_panas_neg_exploratory1 = mixed( 
  panas_neg ~ time + expectancy.centered + placebogroup +  
    time*expectancy.centered*placebogroup + (1|participant_ID), 
  data = data, 
  ) 
 
model_panas_neg_exploratory2 = mixed( 
  panas_neg ~ time + expectancy.centered + placebogroup + time*placebogroup + 
    time*expectancy.centered + (1|participant_ID), 
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  data = data, 
) 
 
model_panas_neg_exploratory3 = mixed( 
  panas_neg ~ time + expectancy.centered + placebogroup + (1|participant_ID), 
  data = data, 
) 
 
kableExtra::kable( 
  anova(model_panas_neg_exploratory3,  
        model_panas_neg_exploratory2,  
        model_panas_neg_exploratory1) 
) 

 

 npar AIC BIC logLik deviance Chisq Df Pr(>Chisq) 

model_panas_neg_exploratory3 7 1360.026 1383.555 -673.0130 1346.026 NA NA NA 

model_panas_neg_exploratory2 11 1365.751 1402.726 -671.8757 1343.751 2.274631 4 0.6853916 

model_panas_neg_exploratory1 14 1366.379 1413.437 -669.1895 1338.379 5.372322 3 0.1464778 
kableExtra::kable( 
  performance::compare_performance(model_panas_neg_exploratory3, 
                                   model_panas_neg_exploratory2, 
                                   model_panas_neg_exploratory1, 
                                   rank = TRUE) 
) 

Name Model R2_conditional R2_marginal ICC RMSE Sigma Performance_Score 

model_panas_neg_exploratory3 mixed 0.5757771 0.1088796 0.5239443 NA 4.543051 0.7500000 

model_panas_neg_exploratory1 mixed 0.5757622 0.1315393 0.5115060 NA 4.585040 0.4988294 

model_panas_neg_exploratory2 mixed 0.5726059 0.1116015 0.5189163 NA 4.578786 0.2162070 

As above, the best performing model is the simplest. 
kableExtra::kable(anova(model_panas_neg_exploratory3)) 

 num Df den Df F Pr(>F) 
time 2 138.02587 15.908978 0.0000006 
expectancy.centered 1 68.23144 5.034193 0.0281006 
placebogroup 1 69.58586 1.037485 0.3119354 

summary(model_panas_neg_exploratory3) 

Linear mixed model fit by REML. t-tests use Satterthwaite's method [ 
lmerModLmerTest] 
Formula: panas_neg ~ time + expectancy.centered + placebogroup + (1 |   
    participant_ID) 
   Data: data 
 
REML criterion at convergence: 1346 
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-3.03436 -0.54812 -0.03595  0.51140  2.38349  
 
Random effects: 
 Groups         Name        Variance Std.Dev. 
 participant_ID (Intercept) 22.72    4.766    
 Residual                   20.64    4.543    
Number of obs: 213, groups:  participant_ID, 74 
 
Fixed effects: 
                    Estimate Std. Error       df t value Pr(>|t|)     
(Intercept)          20.3446     0.6387  69.3741  31.851  < 2e-16 *** 
time1                -2.4712     0.4403 139.6191  -5.612 1.04e-07 *** 
time2                 1.4412     0.4431 137.1121   3.252  0.00144 **  
expectancy.centered   1.4975     0.6674  68.2314   2.244  0.02810 *   
placebogroup1        -0.6833     0.6708  69.5859  -1.019  0.31194     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Correlation of Fixed Effects: 
            (Intr) time1  time2  expct. 
time1       -0.028                      
time2        0.010 -0.492               
expctncy.cn -0.010  0.002  0.001        
placebogrp1  0.019  0.013 -0.004 -0.307 

expl_panas_neg_means <- emmeans(model_panas_neg_exploratory3,  
                                list(pairwise ~ time*placebogroup),  
                                adjust = "Tukey") 
 
kableExtra::kable(expl_panas_neg_means$`emmeans of time, placebogroup`) 

time placebogroup emmean SE df lower.CL upper.CL 
baseline placebo 17.20681 1.028420 100.5665 15.16659 19.24702 
anticipation placebo 21.11919 1.035160 102.4578 19.06606 23.17231 
end placebo 20.70801 1.036545 102.8697 18.65224 22.76378 
baseline control 18.57339 1.007519 102.0947 16.57501 20.57178 
anticipation control 22.48577 1.024665 106.2730 20.45434 24.51721 
end control 22.07460 1.028860 107.5623 20.03513 24.11407 

kableExtra::kable(expl_panas_neg_means$`pairwise differences of time, 
                  placebogroup`) 

emmip(model_panas_neg_exploratory1, time:placebogroup ~ expectancy.centered, cov.reduce = range, li
nearg = list(size = 2)) + scale_color_brewer(palette = "RdBu") + ggthemes::theme_few() 
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