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CHAPTER 1 
GENERAL INTRODUCTION 



 

  



 

 

Acute physical symptoms provide important warnings of injury or illness and are as 
such highly functional. Usually, these symptoms quickly disappear, but a substantial 
proportion persists [172]. Particularly chronic pain, a symptom of numerous medical 
conditions including rheumatoid arthritis, migraine, and irritable bowel syndrome, is 
common [215]. Chronic itch and fatigue are other examples of symptoms that occur in 
several conditions (e.g., skin diseases and chronic fatigue syndrome, respectively) with 
a high prevalence [199,315]. Experiencing physical symptoms, especially when they are 
chronic, can have a major negative impact on an individual’s daily functioning and 
quality of life, and is associated with high societal costs (including medical expenses and 
lost productivity) [41,199,304,315]. Despite great effort over time, the etiology, course, and 
treatment of physical symptoms remain insufficiently understood. Consequently, 
patients frequently do not experience adequate relief through medical care [41]. 
Important factors that can influence treatment outcomes are non-specific or context 
factors, such as doctor-patient interactions and patients’ expectations about the 
treatment [24,75]. These factors are generally understood to shape placebo effects [24]. 
As such, the study of placebo effects offers the possibility to investigate their influence 
on the outcomes of treatment for physical symptoms.  

 
 

Placebo and placebo-like effects 

Placebo effects are the improvements following the administration of a placebo 
(i.e., an inert treatment such as a sugar pill or a saline injection) that are typically 
ascribed to a person’s expectations about the effects of the placebo [24,57,59]. The 
potency of placebo effects is convincingly demonstrated in a rapidly growing body of 
research [24,298]. Pain is by far the most studied outcome in placebo research, and 
placebo analgesia can be seen as a prototype of placebo effects. Repeatedly, people 
have been found to report less pain after receiving a placebo that they have been led to 
believe is a potent painkiller [298,299]. Most evidence for placebo effects stems from 
experimental research in which the effects of placebos on experimentally evoked pain 
(e.g., using a cold pressor test or electrical stimulation) are assessed in samples of 
healthy participants [298,299]. Research in clinical populations is more limited, but does 
suggest that also patients who experience acute or chronic clinical pain (e.g., surgery 
pain or chronic low back pain) can benefit from placebos [52,112].  

Placebo-like effects are related effects that take place when no placebo is given 
and that can be ascribed to expectancies [24]. They occur whenever patients receive an 
active treatment and can also occur when, for example, expectancies of health 
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improvement are induced merely by suggestion. The most striking examples of placebo-
like effects stem from comparisons of administering a treatment in full view of a patient 
by a clinician versus treatment administration outside of the patient’s awareness (e.g., 
infusion of drug regulated via a machine). Studies using this open-hidden design 
demonstrate that the analgesic effects of active treatments such as morphine are 
significantly reduced when a patient is not aware of its administration [5,15,30,226,259]. 
Furthermore, the effects of analgesics and other active treatments can be enhanced by 
providing positive, rather than neutral, suggestions about their effectiveness [11,148].  

Even though the vast majority of research into placebo and placebo-like effects has 
focused on pain, these effects are understood to be universal [24]. Research into other 
physical symptoms is more limited, but does show that, among others, Parkinson 
symptoms like tremor [182], gastrointestinal symptoms like nausea [281], and symptoms 
like itch and fatigue are also susceptible to placebo and placebo-like effects [47,79,83]. To 
enhance our understanding of the underlying mechanisms of placebo and placebo-like 
effects on physical symptoms, and to facilitate harnessing placebo and placebo-like 
effects in clinical practice, further research into both pain and other symptoms is 
essential.  

 
 

Expectancies, the core mechanism of placebo and placebo-like 
effects 

The putative core psychological mechanism of placebo and placebo-like effects is 
expectancy [24,135,158,159]. Expectancies entail cognitions about future experiences, 
events, and behavior. Expectancies have been found to be important predictors of 
treatment outcomes such as pain relief in numerous prospective studies [114,206,210]. 
One of the most influential theories in placebo research, response expectancy theory, 
moreover postulates that expectations of responses to a treatment (e.g., pain relief) can 
modulate the actual treatment outcomes, regardless of the presence of active 
treatment ingredients [158,159]. The effects of these response expectancies (i.e., 
expectations of nonvolitional responses) on physical symptoms may result from, among 
others, changes in behavior (e.g., due to taking analgesic medication or exercise) 
[158,159]. Importantly, the basic principle of response expectancy theory states that 
response expectancies can also have a direct, unmediated, effect on nonvolitional 
responses like pain [158,159]. That is, the mere expectation of pain relief, e.g., because of 
receiving a treatment or due to the natural course of the symptom, can cause actual 
pain relief. As such, response expectancies can act as a self-fulfilling prophecy. Notably, 
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although expectancies are often considered to be conscious, or at least consciously 
accessible [158,159], also non-conscious expectancies can affect outcomes [280]. When 
the mediating role of expectancies in placebo and placebo-like effects was studied, 
expectations of pain (i.e., response expectancies) were shown to indeed modify placebo 
analgesic effects, and to predict changes in the intensity and unpleasantness of both 
experimental and clinical pain [15,52,160,208,237,262]. Montgomery and Kirsch [208], for 
example, found, in one of the first studies in which expected pain levels were 
manipulated and measured, that expectancy accounted for 49% of the variance in 
ratings of post-manipulation evoked pain. Response expectancies can thus shape 
experiences. This implies that targeting response expectancies might be an effective way 
of harnessing placebo and placebo-like effects.  

In addition to response expectancies, other kinds of expectancies, such as stimulus 
and self-efficacy expectancies, have been described in the literature [17,38,184,217,244]. 
For example, someone might expect to undergo a painless procedure (i.e., stimulus 
expectancy), or someone might have high expectations about his/her ability to tolerate 
pain (i.e., self-efficacy expectancy). These different kinds of expectancies may influence 
pain in unique ways. Furthermore, expectancies are incorporated in several 
multifaceted concepts, including optimism and neuroticism [253,257]. The literature on 
all these expectancy concepts is diverse and widespread, leaving it unclear how they are 
related and what their interactive influence is on the experience of pain and other 
symptoms. A further exploration would enhance theoretical knowledge and facilitate 
effectively targeting expectancies. Additionally, knowledge on how expectancies are 
formed, is essential for determining how placebo and placebo-like effects can be 
maximized in clinical practice. 

 
 

How expectancies are learned 

Expectancies are generally thought to be formed via the main learning processes 
laid down in the dominant psychological theories of learning: verbal suggestion (i.e., 
instructional learning), conditioning (i.e., learning from direct, personal experiences), 
and observation of others (i.e., observational learning) [59,159]. Research on placebo and 
placebo-like effects has mostly focused on verbal suggestion and conditioning as 
methods for inducing expectancies. In addition, we propose that imagined experiences 
may also be able to shape expectancies.  
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Verbal suggestion 
Verbal suggestions in placebo research can be described as instructions regarding 

the expected or intended outcomes of a placebo or active treatment. These instructions 
are generally communicated orally (e.g., by a doctor during a consult). An example is 
“The agent that you have just received is known to powerfully reduce pain in some 
patients” [235,301]. Similarly brief and more elaborate suggestions about placebos have 
been found to elicit effects that are comparable in nature, and sometimes in size, to the 
effects of the active treatment to which they are equated [27,31,47,182,225,262,299]. Verbal 
suggestions can also directly refer to the experience of sensations itself, without 
reference to a treatment. Verbal suggestions are by far the most frequently studied 
method of inducing expectancies and the evidence supporting their role in placebo and 
placebo-like effects is robust [299].  

 
Conditioning  

Classical conditioning induces expectancies that certain stimuli or experiences will 
be followed by other stimuli or experiences [38,244]. Classical conditioning paradigms 
typically entail the pairing of a biologically relevant stimulus (unconditioned stimulus; 
US), which elicits a certain response (unconditioned response; UR), with an originally 
neutral stimulus (conditioned stimulus; CS). In experimental research on the 
mechanisms of placebo effects, this could be the pairing of reduced experimental pain 
stimulation (US), which reduces pain (UR), with taking a placebo pill (CS). Upon repeated 
pairing, taking the placebo alone can elicit pain relief. Laboratory research supports the 
importance of this form of associative learning for placebo effects, especially when 
reinforced by a verbal suggestion about the relation between the placebo (CS) and pain 
relief (UR) [4,31,60,93,143,160,167,208]. In clinical trials, conditioning processes are 
illustrated by larger effects when a placebo is provided following an effective treatment, 
than when it follows an ineffective treatment (e.g., another placebo or an active 
medication at a sub therapeutic dose) [6,178]. Conditioning effects regularly occur in 
clinical practice as a consequence of previous experiences with a treatment, for 
example, headache relief directly upon taking a well-known analgesic, even before the 
active ingredients can take effect.  

 
Mental imagery 

In addition to these learning processes, expectancies may also be formed by 
mental imagery of an outcome. Imagery entails a mono- or multisensory cognitive 
representation of an experience or event in the absence of environmental input [116,171]. 
These representations are crucial for thinking about the past, present, and future [171]. 
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Imagery has received little attention in placebo research, but several other lines of 
research suggest that imagery of a future or desired outcome or experience may be able 
to induce placebo-like effects. For example, research has shown that imagining a best 
possible future self (e.g., visualizing that one’s private and work life are optimal) can 
augment general positive expectancies (i.e., optimism) [202,224] and congruently reduce 
pain and medical care utilization [119,157]. Furthermore, imagery interventions that 
include images of pain relief have been found to provide pain relief in both experimental 
and clinical research [22,74,86,174]. These findings suggest that imagery of future physical 
health or symptom relief might be able to affect future pain and other physical 
symptoms via expectancies. However, because mediation by expectancies has generally 
not been assessed directly, further investigation is warranted.  

 
Comparisons and combinations of expectation inductions 

Taken together, verbal suggestion and conditioning, and possibly also mental 
imagery appear to be effective methods for inducing expectancies and thereby 
influencing pain and other physical symptoms. The comparative effects are largely 
unclear. In addition, the combination of expectation inductions, each tapping into 
different learning processes (e.g., conditioning reinforced by verbal suggestion, or 
imagery along with verbal suggestion) may be most advantageous [4,20]. Research 
investigating the possible additive and interactive effects of addressing multiple learning 
processes is limited however. To harness placebo effects optimally, further study into 
the comparative and combined effects of different expectation inductions is required.  

 
 

Physiological mechanisms of placebo and placebo-like effects  

Research demonstrating placebo and placebo-like effects on physical symptoms 
has focused predominantly on subjective experiences, as assessed using self-report 
scales such as visual analogue and numerical rating scales. A rapidly growing body of 
research indicates, however, that placebo and placebo-like effects go beyond effects on 
subjective experiences. Effects on subjective experiences have repeatedly been found 
to coincide with corresponding physiological responses, including changes in brain 
processes, and in the autonomic nervous and endocrine systems [14,256].  

Research has mostly focused on brain processes associated with placebo and 
placebo-like effects on pain. This has provided reliable evidence for the involvement of 
brain areas that are known to be engaged in pain processing and expectancy [14]. 
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Likewise, mental imagery of sensations such as pain largely involves the same neural 
processes as actually experiencing these sensations [86,201].  

Given the role of the autonomic nervous system in experiencing physical symptoms 
like pain [110,175,186,285], research into autonomic responses during placebo and 
placebo-like effects is of interest. A reduction of heart rate during placebo analgesia has 
been observed in both experimental and clinical settings [28,230]. Also mental imagery 
has been found to engage the autonomic nervous system, as indicated by altered heart 
rate and skin conductance levels [171]. As the evidence is still limited, further research is 
required to obtain more robust support for the involvement of the autonomic nervous 
system in placebo and placebo-like effects to various symptoms.  

The endocrine system may also be involved. Particularly the stress hormone 
cortisol may play a role, given the stressful nature of physical symptoms [63,110]. 
Evidence is currently lacking however, with several studies finding no evidence that 
placebo analgesic effects are associated with altered cortisol levels [90,146,261]. In some 
studies, this might be due to methodological limitations, such as insufficient 
consideration of the circadian rhythm [163,249], necessitating further research to 
determine the involvement of cortisol in placebo and placebo-like effects. 

 
 

Treatment characteristics  

To unravel the mechanisms of placebo and placebo-like effects on subjective and 
physiological responses, research has predominantly focused on the different learning 
processes of expectancies described above. However, also treatment characteristics like 
the route of medication administration, brand, price, and color of a pill have been 
associated with differential placebo effects [36,71,84,308]. Most notably, more invasive 
routes of medication administration (such as injections) are commonly believed to have 
enhanced placebo and placebo-like effects [150,177,265] and several studies have 
confirmed this [18,71,323]. For example, in a meta-analysis of the placebo control 
conditions of clinical trials for migraine treatment, placebo injections were found to 
provide better headache relief than placebo pills [71]. Other studies did however not fully 
support the idea of enhanced placebo analgesic effects for more invasive routes 
[18,87,192,203,265,294]. Most compellingly, a systematic review of clinical trials that 
included two or more placebo treatment groups, did not find consistent differences 
between the effects of more versus less invasive placebo treatments [87]. Thus, the 
factors underlying differential placebo effects for different routes of medication 
administration are likely to be more complex than commonly believed. Which additional 
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factors are at play remains to be explored, but may include other characteristics of the 
routes of administration, such as side effects and ease of use. Further research into the 
underlying expectancies may provide a better understanding. 

 
 

Individual differences 

Interindividual variability in placebo and placebo-like effects is commonly observed 
[135,236]. This suggests that differences in individual characteristics (e.g., personality, 
demographic, and health characteristics) may moderate the effects [75]. Investigating 
these individual characteristics may enable the prediction of placebo and placebo-like 
effects and the tailoring of expectation inductions. Previous research has mostly focused 
on personality characteristics that pertain to dispositional expectancies, such as 
optimism (characterized by generalized positive expectancies) and neuroticism 
(characterized by generalized negative expectancies, and other negative emotions and 
cognitions). More optimistic people have been found to report a larger reduction in pain 
after a placebo than more pessimistic people [96,100,209], but this association could not 
always be replicated for placebo and placebo-like effects on pain and other symptoms 
[120,136]. Research findings regarding neuroticism, as well as other personality 
characteristics, are equivocal [67,135,295]. Also research into the moderation of placebo 
and placebo-like effects by demographic and health characteristics is inconclusive 
[135,311]. Considering these inconsistent findings, it is still unclear which individual 
characteristics predict placebo and placebo-like effects.  

 
 

Aim and outline thesis 

Placebo and placebo-like effects are now well established, particularly for pain. 
Research into the mechanisms of placebo effects has paved the way towards the 
investigation of expectancies as an important determinant of pain and other physical 
symptoms. A deeper understanding of placebo and placebo-like effects and the role of 
expectancies herein is crucial for both researchers and clinicians in order to harness 
placebo effects and thereby maximize treatment outcomes. Currently, knowledge of the 
comparative and combined effects of different expectation inductions is still very 
limited. Also, generalizability of placebo and placebo-like effects from the lab to clinical 
populations and to symptoms other than pain is yet insufficiently clear. 
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The main aim of the current thesis is to address ways of harnessing placebo effects 
for relieving pain and other physical symptoms by targeting expectancies. Most 
importantly, the individual, comparative, and combined effectiveness of expectation 
inductions (i.e., verbal suggestion, conditioning, and mental imagery) is studied, 
whereby we measure the effects on both self-reported and physiological outcomes in 
both healthy and clinical samples. Furthermore, the role of treatment and individual 
characteristics in placebo and placebo-like effects on pain and other physical symptoms 
is investigated.  

Chapter 2 provides a brief integrative review of the influence of expectancies on 
pain. We discuss the central role of expectancies in the dominant psychological learning 
theories, as well as the literature on the influence of different kinds of expectancies (i.e., 
response, stimulus, and self-efficacy expectancies) and multifaceted expectancy 
constructs (e.g., optimism and neuroticism) on the experience of pain.  

Chapter 3 investigates the evidence for the effects of expectation interventions on 
patients’ pain relief in a meta-analysis. We investigate three methods of inducing 
expectancies (i.e., verbal suggestion, conditioning, and mental imagery) that are 
promising for optimizing the effectiveness of analgesic treatments in samples of patients 
experiencing experimental or clinical (acute procedural or chronic) pain. We explore 
several possible moderating factors, including the type of pain and route of medication 
administration. Also, the effects on expectancies and related outcomes are explored. 

Chapter 4 reports on an experiment assessing the individual and combined effects 
of different expectation inductions and their generic effects on pain, itch, and fatigue as 
indicators of physical sensitivity. Specifically, we assess the effects of both a verbal 
suggestion of reduced physical sensitivity due to a placebo pill and mental imagery of a 
best possible health on experimentally evoked pain, itch, and fatigue, using self-report 
and physiological measures. Additionally, moderation by several individual 
characteristics is explored.  

Chapter 5 describes two experiments in which the effects of mental imagery of 
reduced pain (i.e., response imagery), on experimentally evoked pain are studied. 
Hereby we assess whether mental imagery of a response can induce placebo-like effects 
on pain, using both self-reported and physiological measures. We also investigate the 
possible additive effects of a verbal suggestion. Furthermore, mediation by response 
expectancies, as well as moderation by individual characteristics are explored. 

Chapter 6 presents the results of an online survey in a large sample representative 
of the Dutch population to investigate the influence of treatment characteristics on 
expectancies. We directly compare expectations about the effectiveness of medication 
administered via different routes of administration (oral, injection, and topical) for 
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relieving pain and itch. In addition, expectations about other characteristics of the 
routes and individual characteristics are explored as possible correlates of expected 
effectiveness.  

Chapter 7 concludes the present thesis by giving a general overview and discussion 
of the results, while focusing on the main research aims and the implications of the 
current findings for research and clinical practice. 
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CHAPTER 2 
AN INTEGRATIVE REVIEW OF 

THE INFLUENCE OF EXPECTANCIES ON PAIN 

Published as 
Peerdeman, K.J., van Laarhoven, A.I.M., Peters, M.L., & Evers, A.W.M. (2016). An integrative 

review of the influence of expectancies on pain. Frontiers in Psychology, 7, 1270. 
doi: 10.3389/fpsyg.2016.01270. 



 

Abstract 

Expectancies can shape pain experiences. Attention for the influence of 
expectancies on pain has increased particularly due to research on placebo effects, of 
which expectancy is believed to be the core mechanism. In the current review, we 
provide a brief overview of the literature on the influence of expectancies on pain. We 
first discuss the central role of expectancy in the major psychological learning theories. 
Based on these theories, different kinds of expectancies can be distinguished. Pain 
experiences are influenced particularly by response expectancies directly pertaining to 
the pain experience itself, but can also be affected by self-efficacy expectancies 
regarding one’s ability to cope with pain, and possibly by stimulus expectancies 
regarding external events. These different kinds of expectancies might interact with 
each other, and related emotions and cognitions, as reflected by various multifaceted 
constructs in which expectancies are incorporated. Optimism and pain catastrophizing, 
in particular, but also hope, trust, worry, and neuroticism have been found to be 
associated with pain outcomes. We conclude with recommendations for further 
advancing research on the influence of expectancies on pain and for harnessing 
expectancy effects in clinical practice.  
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Introduction 

Pain is an unpleasant experience, in which not only sensory input but also 
psychological factors such as cognitions and emotions are at play. One important 
cognitive factor that can shape pain experiences is expectancies (i.e., cognitions 
regarding the probability of future experiences, events, and behavior) [114,206,240]. The 
influence of expectancies on pain gained scientific interest especially due to research on 
placebo effects. A sham treatment such as a sugar pill or saline injection may relieve 
pain due to the mere expectation that a treatment will be helpful (i.e., placebo effect), 
or worsen pain when harmful treatment effects are expected (i.e., nocebo effect) 
[24,135,158,159]. Similarly, expectancies about treatment outcomes can enhance or 
reduce the analgesic effects of active treatments [e.g., 11,148]. Besides expectancies about 
the effects of treatment on pain, people can hold other kinds of expectancies. For 
example, someone might have high expectations about his/her ability to tolerate pain, 
and this might actually result in higher pain tolerance [17,184]. Different expectancies are 
likely to interact with each other, and with related emotions and cognitions. An 
understanding of the influence of expectancies on the experience of pain is crucial for 
both clinicians and researchers who treat or study pain, in order to obtain a 
comprehensive picture of the factors that determine pain and to optimize analgesic 
interventions via expectation interventions. 

In the current review, we provide a brief overview of the literature on the influence 
of expectancies on pain. First, we discuss the major psychological learning theories 
concerning expectancies. Based on these theories, different kinds of expectancies are 
distinguished, and we evaluate the influence of each of these on pain. Subsequently, we 
discuss multifaceted constructs (e.g., optimism, trust, and worry) in which expectancies 
are incorporated, and explore the evidence for their associations with pain. We conclude 
with recommendations for further research on the influence of expectancies on pain 
and for harnessing expectancy effects in clinical practice. 

 
 

Expectancies in psychological learning theories 

Expectancies are seen as important determinants of behavior, events, and 
experiences in many psychological theories of learning. Here we describe the most 
influential learning theories chronologically to gain an understanding of the 
conceptualization of expectancies. 

One of the oldest and most systematically studied learning phenomena in 
psychology is conditioning. Classical conditioning is generally described as learning that 
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results from pairing an initially neutral stimulus or event with a biologically relevant 
stimulus or event [244]. In operant (or instrumental) conditioning, an association is made 
between a particular behavior and its consequence (e.g., reward or punishment) [38]. 
According to most contemporary learning theorists, what is learned from these 
contingencies is outcome expectancies (although conditioning can also be automatic, 
i.e., not mediated cognitively) [38,161,217,244,280]. These expectancies indicate the 
perceived likelihood of a stimulus (e.g., receiving food) as the outcome of another 
stimulus or event (e.g., flashing of a light; in case of classical conditioning), or as the 
outcome of a specific behavior (e.g., pulling a lever; in case of operant conditioning) 
[38,161,217,244]. These outcome expectancies are seen as important determinants of 
behavior. Since most of the expected outcomes described in conditioning research were 
external stimuli or events, these expectancies have been more specifically referred to as 
stimulus expectancies, to distinguish them from expectancies of other kinds of 
outcomes (specifically response expectancies regarding internal experiences, see below) 
[158,159]. In relation to pain, stimulus expectancies could for example entail expectations 
of the timing of a painful event, or of receiving a prescription for an analgesic on 
consulting a doctor.  

Social learning theories were developed to address learning in interpersonal 
contexts and suggested that learning takes place not only via direct experiences (i.e., 
conditioning), but also via observation of others (i.e., observational learning), and verbal 
instructions (i.e., instructional learning) [17,158]. Moreover, these theories postulate that 
not only outcome expectancies, but also other cognitions influence behavior. In the first 
major social learning theory, Rotter stated that the crucial determinant of behavior is 
the expected outcome of that behavior, in concert with the value a person places on 
that outcome [251]. This theory had a major impact and has been further developed by 
many researchers. One of the most influential extensions is Bandura’s self-efficacy 
theory [17]. Bandura theorized that behavior is determined not only by expected 
outcomes, but also by expectancies regarding the ability to perform the behavior, i.e., 
self-efficacy expectancies. For example, someone with high self-efficacy expectations of 
tolerating pain might engage in physical activities despite pain (e.g., lifting heavy bags 
despite lower-back pain).  

The theories described above focus mainly on expectancies of external outcomes 
and behavior [17,38,251], expectancies of automatic, nonvolitional responses – i.e., 
internal experiences such as emotions, and physical sensations such as pain – were 
largely overlooked. This was addressed by Kirsch in response expectancy theory [158,159]. 
The hypothesis underlying response expectancy theory is that the expectation of one’s 
own automatic response to a certain behavior or situation (i.e., response expectancy, a 

22 | Chapter 2



 

 

form of outcome expectancy) not only influences behavior, but also directly influences 
one’s actual nonvolitional response, and is as such directly self-confirming [158,159]. 
These response expectancies, are thought to be acquired through conditioning, 
instructional learning, and observational learning [158,159]. An example of response 
expectancy is a patient’s expectation of pain relief upon taking an analgesic.  

Based on these learning theories, in line with Kirsch’s conceptualization [158,159], 
we distinguish different kinds of expectancies: 1) outcome expectancies, which can be 
further subdivided into a) stimulus expectancies, i.e., expectancies regarding external 
stimuli or events and b) response expectancies, i.e., expectancies regarding internal 
nonvolitional experiences; and 2) self-efficacy expectancies, i.e., expectancies regarding 
the ability to perform behavior. Several other, largely overlapping, typologies of 
expectancies have been proposed in the literature [e.g., 13,284], but since stimulus, 
response, and self-efficacy expectancies have the strongest theoretical foundation and 
empirical support, we focus only on these three kinds of expectancies in the current 
review.  

 
 

The influence of different kinds of expectancies on pain  

The different kinds of expectancies may influence pain in unique ways. Response 
expectancies probably exert the strongest and most direct influence on pain, since they 
can directly pertain to pain experiences. It is these kinds of expectancies that are 
generally believed to be the core mechanism of placebo and nocebo effects and that are 
consequently thought to greatly contribute to the efficacy of active treatments 
[24,135,159]. When placebo or nocebo effects are induced, pain expectations are 
modified, and these response expectations predict changes in the intensity and 
unpleasantness of both experimental and clinical pain [15,56,160,221,262]. Stimulus 
expectancies may exert an indirect influence on pain experiences, e.g., by affecting 
behavior, but could possibly also influence pain directly. Stimulus expectancies have 
received little scientific attention in the context of pain. There are indications that 
induced expectations regarding the timing of a painful event can reduce pain 
unpleasantness but not pain intensity [234], but further research is needed. Self-efficacy 
expectancies have received much more scientific interest. They have consistently been 
found to predict pain coping efforts and pain tolerance [e.g., 145,184]. Furthermore, self-
efficacy expectancies have been found to be robust correlates of chronic pain severity 
[141], and inducing self-efficacy can reduce experienced pain [e.g., 297].  
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Thus, empirical research supports the independent effects of response, stimulus, 
and self-efficacy expectancies on pain. These different kinds of expectancies may also 
interact with each other. For example, when inducing self-efficacy expectancies, 
response expectancies may also be enhanced [e.g., 297], and effects of outcome 
expectancies may be mitigated if one has low self-efficacy expectancies, e.g., when one 
expects that a physical exercise will reduce neck pain, but also expects that one is not 
able to perform the exercise [e.g., 17]. A schematic overview of the influence of the 
different kinds of expectancies on pain is depicted in Figure 2.1. 

 
 

Figure 2.1. Schematic depiction of the influence of expectancies on pain, including the learning 
processes that influence these expectancies 

Note. Probable mediators and/or moderators are behavior, emotions, and cognitions. All elements in the 
model may also feed back to preceding elements.  

 
 

Multifaceted expectancy constructs and their influence on pain 

The co-occurrence of different kinds of expectancies with related emotions and 
cognitions is captured in multifaceted constructs, in which expectancies are 
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incorporated. Here we provide an overview of the most common multifaceted 
expectancy constructs and their associations with pain. 

Optimism and hope are perhaps the most commonly considered multifaceted 
expectancy constructs. Optimism entails generalized positive expectancies of both 
stimulus and response type outcomes and is generally seen as a dispositional 
characteristic, although it can also vary depending on specific situations [257]. High levels 
of optimism are reliably associated with better health, including less severe acute and 
chronic pain [106,240]. The experimental induction of optimism can reduce pain 
sensitivity and pain interference [40,119]. Furthermore, optimism has been found to be 
associated with larger placebo analgesic effects [96,100,209] [but see e.g., 120]. Hope is a 
related concept that is described as goal-directed thinking based on constructs that 
resemble outcome and self-efficacy expectancies (i.e., agency and pathway thinking, 
respectively) as well as motivational constructs [275]. Hope can pertain to specific 
situations or goals, but people also vary in their general tendency to be hopeful [273]. 
Several studies indicate that more hope is associated with using more pain-coping 
strategies, with higher pain tolerance, and with lower pain intensity [242,273,274]. In 
addition, a hope-based intervention has been found to increase pain tolerance, though 
it did not affect pain intensity or pain threshold [32].  

At an interpersonal level, trust is a multifaceted expectancy construct that is 
especially relevant in a medical context in which one has to entrust care of one’s health 
to another person [118]. In the majority of definitions of trust, trusting is seen as entailing 
expectations that someone, e.g., the physician, will act in a benevolent manner, and that 
one can rely on this person and his/her intentions [118,218,252]. Trust takes on an 
emotional quality that extends beyond mere estimations of the likelihood of another 
person’s behaviors [118]. Trust has been found to be associated with health behaviors 
such as adherence to treatment recommendations [118]. In addition, trust in the 
physician has been associated with higher tolerance for treatment-induced pain [50].  

Other constructs in which expectancies play a role and that can affect pain are 
constructs related to negative expectancies and the related emotions of fear and 
anxiety, such as worrying, pain catastrophizing, and neuroticism. Worrying is a repetitive 
thinking style that concerns a negative future [39]. A person’s expectation that the event 
worried about will happen appears to be an important component of worrying [46,194]. 
Furthermore, worrying has been suggested to heighten vigilance to threat, such as pain 
[3,39]. Worrying about pain and worry intensity have been associated with higher pain 
levels and more frequent pain complaints, respectively [69,306]. One interventional 
study, for example, found that a worry postponement intervention reduced somatic 
health complaints, including pain [42]. The related construct of pain catastrophizing has 
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frequently been a focus in pain research. Individuals who catastrophize often have 
negative response expectancies (e.g., that the pain may not go away), feel helpless 
about controlling their pain (i.e., low self-efficacy expectancies), are anxious, and worry 
and/or ruminate about their pain [238,282]. Pain catastrophizing is thus a comprehensive 
construct that involves different kinds of negative expectancies and related cognitions 
and emotions. Pain catastrophizing has consistently been linked to higher acute and 
chronic pain intensity, pain-related disability, and distress [e.g., 238,314]. The manipulation 
of pain catastrophizing has been found to affect experimental and chronic pain (both 
intensity and unpleasantness), though the findings are not fully consistent [164,267,283]. 
A last related construct is neuroticism. People high on neuroticism tend to be 
preoccupied with things that might go wrong (i.e., they tend to have negative 
expectancies, particularly negative outcome expectancies), to be easily frightened, and 
to feel despondent [253]. Higher levels of neuroticism have been found to predict pain 
[302,317]. Neuroticism has also been associated with placebo responses, but the results 
are equivocal [67,220,295]. 

 
 

Implications of current findings 

In the current review we set out to provide a brief overview of the literature on the 
influence of expectancies on pain. We found that different kinds of expectancies can be 
distinguished, which illustrates the complexity of the construct of expectancy. 
Nonetheless, it is clear that expectancies have an important influence on pain. Pain is 
influenced particularly by response expectancies that directly pertain to the pain 
experience itself. In addition, pain can be affected by self-efficacy expectancies 
regarding one’s ability to cope with pain and possibly also by stimulus expectancies 
regarding external events. The co-occurrence of various expectancies, and related 
emotions and cognitions is captured by multifaceted constructs in which expectancies 
are incorporated. Optimism and pain catastrophizing, in particular, but also hope, trust, 
worry, and neuroticism have been found to be associated with pain.  

To truly grasp the influence of expectancies on pain and to harness these effects, 
we recommend to refine existing theoretical models of expectancies by also addressing 
the interplay between different kinds of expectancies. Studies testing the predictions 
following from these models, should then assess multiple kinds of expectancies and 
expectancy constructs to determine their independent and interactive influence on 
pain. In this research the expectancy constructs of interest should be carefully 
determined, and clearly operationalized and reported. Since no single study can assess 
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all kinds of expectancies, meta-analytic research can ultimately be used to make 
overarching inferences about the relative, and possible additive and interactive effects 
of the various kinds of expectancies on pain.  

When addressing the effects of expectancies on pain in research and clinical 
practice, several additional considerations are of importance. First, it is important to 
take into account the strength and valence of the expectancy, as well as the intensity, 
nature, and duration of pain [17,158,159,221]. For example, negative expectancies may 
exert larger effects on pain than positive expectancies [21], and acute pain is more 
sensitive to expectation interventions than chronic pain [221]. Second, research has 
generally focused on short-term effects in artificial laboratory situations. Although there 
are indications that expectancies can have an enduring clinical impact [e.g., 247], further 
research into long-term effects is required. Third, expectancies are generally 
hypothesized and observed to have congruent effects on experiences: one experiences 
what one expects [114,206,221,240]. However, in the case of a large discrepancy between 
what is expected and what is observed, expectancies may actually have detrimental 
effects, resulting in disappointment and experiences that contrast rather than mirror 
prior expectancies [97,271,284,318]. Importantly, if there is a large discrepancy between 
the expected and the actual outcome, the current experience may have a larger impact 
on learning (and thus on future expectancies and experiences), than if the actual 
experiences are in line with what was expected [245]. Thus, physicians should be wary of 
inducing either overly positive or overly negative expectancies regarding analgesic 
treatment outcomes in their patients.  

Clinical applications of expectation interventions are very promising for optimizing 
analgesic treatment effects. Several interventions tap into the learning processes that 
have been described in the learning theories (i.e., conditioning, observational, and 
instructional learning). Instructional learning via positive verbal suggestions of analgesic 
treatment outcomes, in particular, has been found to effectively reduce pain in clinical 
samples [221]. This demonstrates the significance of the information a physician provides 
when administering an analgesic treatment. A physician can address conditioning 
processes by assessing previous treatment experiences. If a treatment has previously 
been experienced as effective, current treatment outcomes could be enhanced by using 
the same route of treatment administration, while a switch (e.g., from topical to oral 
administration) may be beneficial if a patient’s previous experiences have been negative 
[131]. Beneficial social learning may be facilitated via, for example, meetings with fellow 
or former patients or online video tutorials [139]. Furthermore, interventions evoking 
indirect experiences of pain reduction via mental imagery appear promising for inducing 
analgesia [219]. Experimental research suggests that the combination of multiple 
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strategies, tapping into multiple learning processes (e.g., both conditioning and 
instructional learning), may be most beneficial [e.g., 4,219]. 

 
 

Conclusion 

The theoretical and empirical literature indicates that expectancies are an 
important determinant of pain, and that expectation interventions can effectively 
reduce pain. Future research requires the simultaneous study of different expectancy 
constructs in experimental and long-term interventional research, to further enhance 
our understanding of expectancies and their potential for optimizing analgesic 
interventions. 
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Abstract 

Patients’ expectations are important predictors of the outcome of analgesic 
treatments, as demonstrated predominantly in research on placebo effects. Three 
commonly investigated interventions that have been found to induce expectations 
(verbal suggestion, conditioning, and mental imagery) entail promising, brief, and easy-
to-implement adjunctive procedures for optimizing the effectiveness of analgesic 
treatments. However, evidence for their efficacy stems mostly from research on 
experimentally evoked pain in healthy samples, and these findings might not be directly 
transferable to clinical populations. The current meta-analysis investigated the effects 
of these expectation inductions on patients’ pain relief. Five bibliographic databases 
were systematically searched for studies that assessed the effects of brief verbal 
suggestion, conditioning, or imagery interventions on pain in clinical populations, with 
patients experiencing experimental, acute procedural, or chronic pain, compared with 
no treatment or control treatment. Of the 15,955 studies retrieved, 30 met the inclusion 
criteria, of which 27 provided sufficient data for quantitative analyses. Overall a 
medium-sized effect of the interventions on patients’ pain relief was observed (Hedges’ 
g = 0.61, I2 = 73%), with varying effects of verbal suggestion (k = 18, g = 0.75), 
conditioning (always paired with verbal suggestion, k = 3, g = 0.65), and imagery (k = 6, 
g = 0.27). Subset analyses indicated medium to large effects on experimental and acute 
procedural pain, and small effects on chronic pain. In conclusion, patients’ pain can be 
relieved with expectation interventions; particularly, verbal suggestion for acute 
procedural pain was found to be effective.  
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Introduction 

Expectations are important predictors of the outcome of analgesic treatments 
[62,113,206,276]. As posed in response expectancy theory [158,159], expectations of pain 
relief can directly elicit and/or enhance actual pain relief. The importance of 
expectations has particularly become clear in research on placebo effects, of which 
expectancy is believed to be a core mechanism [23,158,159,236]. Placebos, such as sugar 
pills and saline injections, have repeatedly been found to provide pain relief, with effects 
at both subjective [298,299] and neurobiological levels [14,256]. These and other findings 
suggest that interventions that induce expectations of pain relief, i.e., analgesic 
expectation inductions, are promising for optimizing the effectiveness of standard 
analgesic treatments in clinical practice. However, evidence for the efficacy of 
expectation inductions stems mostly from laboratory research using experimental pain 
in samples of healthy participants, whereas research in clinical samples (e.g., patients 
with chronic back pain or postoperative pain) is limited. Although experimentally evoked 
pain in healthy samples is generally considered a good model for clinical pain, these 
findings might not be directly transferable to clinical populations. On the one hand, 
patients with pain, especially chronic pain, have a more extensive and complex history 
of pain and, often unsuccessful, pain treatment. This might make them more resistant 
to expectation interventions [95,156]. On the other hand, patients are likely to have a 
higher desire for pain relief, possibly making them more sensitive to expectation 
interventions [99,144,237,300]. 

Three common, brief, and easy-to-implement interventions that have been found 
to induce and/or enhance expectations are promising for implementation in clinical 
practice: verbal suggestion, conditioning, and imagery. Verbal suggestion entails 
instructions regarding treatment outcomes given by, for example, a health care 
provider. Verbal suggestions such as saying that a placebo or active treatment is an 
effective analgesic, can induce expectations of pain relief and produce corresponding 
experiences of pain relief [15,262,266]. Conditioning entails the pairing of a neutral 
stimulus with an unconditioned stimulus that triggers a certain response. For example, 
pairing a placebo treatment with reduced pain stimulation can produce expected and 
experienced pain relief when merely receiving the placebo treatment 
[4,60,160,161,208,280], especially when conditioning is paired with a verbal suggestion 
[20,161,181]. Mental imagery of a future event or desired outcome entails actively 
generating a multisensory cognitive representation of an event and often involves 
relatively implicit suggestions [116,133]. For example, imagining an optimal future self or 
health can increase general positive expectations (i.e., optimism) [202,220,224] and 
correspondingly reduce pain and medical care utilization [119,157]. Thus, inducing 
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expectations of pain relief, through verbal suggestion, conditioning, and imagery, can 
reduce pain. However, the comparative effectiveness of these expectation inductions, 
particularly in clinical populations, is mostly unclear.  

The primary aim of the current meta-analysis was to investigate the effects of brief 
and easy-to-implement expectation interventions for relieving patients’ pain. 
Specifically, the effects of verbal suggestion, conditioning, and imagery on pain relief in 
clinical populations are investigated. Furthermore, we compared the effects on 
experimental versus clinical pain, and acute procedural (pain during or directly following 
a medical procedure, e.g., postoperative pain) versus chronic (long-lasting pain 
associated with a medical condition, e.g., chronic back pain or recurrent migraine) 
clinical pain. Additional outcome analyses explored the effects on expected pain, 
affective pain, and anxiety. 

Methods 

Protocol and registration 
The systematic review and meta-analysis were performed in accordance with the 

PRISMA Statement [204] and the recommendations of the Cochrane Collaboration [127]. 
The study protocol was registered in the international prospective register of systematic 
reviews Prospero (CRD42013006575).  

Information sources and search strategy 
The electronic bibliographic databases PubMed, PsycINFO, EMBASE, Cochrane 

CENTRAL, and the Cochrane Methodology Register were searched from inception until 
June 19, 2015, using search terms describing the three expectation inductions and pain 
(see Supplementary section 3.1 for the full search strategy). The search was restricted 
to humans when possible in the databases. In addition, the reference lists of eligible 
studies and studies that cited the eligible studies were searched for relevant articles.  

Eligibility criteria 
Studies were included if they assessed the effect of one of the three expectation 

inductions (verbal suggestion, conditioning, or imagery) on pain relief in a clinical sample 
(i.e., adult patients with a somatic condition and/or undergoing medical treatment). The 
review was restricted to studies that compared a brief intervention (verbal suggestion, 
conditioning, or imagery; max. 1 day) that was believed to induce expectations of pain 
relief to a control condition consisting of no treatment/treatment as usual, or a control 
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treatment that was believed to not induce expectations of pain relief. If the studied 
intervention consisted of multiple components (e.g., both imagery and relaxation), the 
expectation induction had to be the main component of the intervention (i.e., duration 
> 50% of intervention time). Studies in which uncertain expectations of pain relief (e.g.,
50/50 chance of receiving active or inactive treatment like during blinded treatment
administration) were induced in either condition were excluded. Experimental (i.e.,
experimentally evoked pain), acute procedural (i.e., pain during or directly following a
medical procedure), or chronic (i.e., long-lasting pain associated with a medical
condition) pain had to be assessed with a self-report rating scale that provided
numerical values of experienced pain intensity (e.g., visual analogue scale). Only original 
research results that were presented in full-length English language empirical articles
were included (i.e., not abstracts, case studies, reviews, and reanalyses).

Study selection 
Titles and abstracts of articles retrieved using the search strategy were screened 

by one of two review authors (K.J.P. or S.M.K.) to identify studies that potentially met 
the eligibility criteria outlined above. The full texts of these articles were retrieved 
(online, through Dutch academic libraries, or through study authors) and assessed for 
eligibility (K.J.P. or S.M.K.). Full texts that were considered to be eligible for inclusion or 
about which doubts existed were also assessed for eligibility by a second review author 
(K.J.P. or S.M.K.). Any remaining doubts were resolved through discussion with other 
review authors (A.W.M.E., A.I.M.v.L., and L.V.).  

Data extraction 
A standardized form was independently used by two review authors (K.J.P. and 

S.M.K.) to extract data regarding the following from the included studies: expectation
induction, control condition, study design, study population, type of pain, and pain
outcome measure. Statistical data for meta-analysis (i.e., sample size, mean, and
standard deviation (SD) of all post-intervention pain measurements and secondary
outcomes, or alternative values) were extracted by one review author (K.J.P.) and
accuracy was checked by a second review author (S.M.K). If it was not possible to extract 
sufficient data for the calculation of post-intervention effect sizes for the primary and
secondary outcomes, the study authors were contacted. When sufficient data could not
be acquired, alternative statistics (e.g., standard error [SE], confidence interval [CI], t or
F value, p value, or mean change scores) were inspected. When appropriate alternative
statistics were available, effect sizes were calculated using these, otherwise the study
was excluded from quantitative analysis (Table 3.1).
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Risk of bias assessment 
Risk of bias within each of the included studies was assessed independently by two 

review authors (K.J.P. and S.M.K.) with the Cochrane risk of bias tool, version 5.1.0 [127]. 
The following items were evaluated at study level: ‘Random sequence generation’ 
(selection bias), ‘Allocation concealment’ (selection bias), ‘Incomplete outcome data’ 
(attrition bias), ‘Selective outcome reporting’ (reporting bias), and ‘Other bias’ (focused 
on differences in sample characteristics - sex, age, and baseline pain). A priori, it was 
decided not to judge the items ‘Blinding of participants and personnel’ (performance 
bias) and ‘Blinding of outcome assessors’ (detection bias), because it is not possible to 
blind participants to the expectation inductions or to blind outcome assessors for self-
reported outcomes. Disagreements between the authors regarding judgment of the risk 
of bias were resolved by discussion, with involvement of a third review author 
(A.I.M.v.L.) where necessary.  

Considerations regarding data selection 
The following choices were made regarding the selection of intervention and 

control conditions. When a study contained multiple relevant intervention or control 
conditions, data were selected from the intervention most directly aimed at pain 
reduction [313], the comparison of the most active expectation induction (e.g., the 
strongest verbal suggestion) versus the most passive control condition (e.g., no 
treatment) [112,122,129,148,166,180,227,313], or the control condition conducted before 
rather than after the intervention [235]. In two studies the control condition involving 
hidden administration of active medication was chosen rather than a no-treatment 
control condition, to avoid confusion with the effect of the active medication [226,227]. 
With regard to the study design, between-subjects comparisons were included in the 
quantitative analyses if possible [52,166], because the majority of studies used a between-
subjects design. With regard to the outcome measures, in the four studies that included 
several pain measures [52,226,227,300], the data of the most clinically relevant type of pain 
were included (e.g., evoked visceral pain rather than evoked heat pain in patients with 
irritable bowel syndrome). See Supplementary Table 3.1 for an overview of the 
additional conditions and pain measures used in each study. 

Data-analysis 
All analyses were conducted by the first reviewer (K.J.P.) and checked by a second 

reviewer (S.M.K.), using Comprehensive Meta-Analysis software, version 3.3.070 
(Biostat, Englewood, CO, USA). The effect size (Hedges’ g) was calculated as the mean 
post-intervention pain intensity score for the control condition minus the mean post-
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intervention pain intensity score for the intervention condition, divided by the pooled 
SD, and weighted according to the number of subjects in each study [127]. When pain 
was assessed at multiple post-intervention time points, the average effect across these 
time points was calculated. Positive values for g indicate lower post-intervention pain 
ratings (or secondary outcome values, e.g., expected pain) in the intervention condition 
than in the control condition. A value around 0.2 to 0.3 was considered a small effect, a 
value around 0.5 a medium effect, and a value of 0.8 or larger a large effect [55]. The 
pooled effects were analyzed using a random-effects model, given the variability in 
research characteristics (e.g., different expectation inductions and types of pain). The 
presence and magnitude of heterogeneity were assessed with the I2 statistic, as well as 
by visual inspection of the forest plot. I2 values of 25%, 50%, and 75% can be considered 
to indicate low, moderate, and high degrees of heterogeneity, respectively [128]. For 
within-subjects comparisons, the intervention-control condition correlation coefficient 
could not be derived from the included studies, therefore an r of 0.5 was imputed. For 
subset analyses, τ2 was not pooled because we did not expect the between-study 
variance to be the same for all subsets. The effect sizes in the subsets were compared 
descriptively rather than with statistical tests, given the small number of studies in most 
subsets (i.e., insufficient statistical power). Meta-analysis was only conducted when the 
data of at least three studies were available. 

The pooled effects of all three expectation inductions (verbal suggestion, 
conditioning, and imagery) were analyzed together and separately. Planned subset 
analyses compared the effects on different types of pain (experimental vs. clinical pain, 
and acute procedural vs. chronic clinical pain), which also served as a proxy for 
differential effects depending on the patient type (patients with somatic condition vs. 
those undergoing medical treatment). Post hoc subset analyses assessed the influence 
of the route of treatment administration (oral, injection, cutaneous, and other) and 
compared studies using active (e.g., analgesic medication) versus placebo (e.g., saline 
injection) treatments. Additional outcome analyses explored the effects of the 
expectation inductions on expected pain, affective pain, and anxiety. Sensitivity analyses 
assessed the stability of the overall effect size in relation to: 1) the risk of bias within 
studies (by removing studies for which at least one item was judged to involve a high 
risk of bias); 2) publication bias (inspection of funnel plot and trim and fill method); 3) 
the comparison with a control condition with or without a control treatment, as well as 
the inclusion of control treatments that might have induced some expectations; 4) the 
inclusion of both between-subjects and within-subjects comparisons; 5) the imputed 
intervention-control condition correlation coefficient (imputed r = 0.5, vs. r = 0.1 or r = 
0.9); 6) the inclusion of post-intervention rather than change scores. 
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Results 

Study selection 
See Figure 3.1 for the flow chart of the selection process. Through the initial search 

in the databases 15,952 records were retrieved, three additional relevant studies were 
identified through other sources. Of these, 3,678 records were duplicates, 11,835 
records were excluded on the basis of screening of the titles/abstracts, and the full text 
of 15 studies that were considered possibly relevant was not available. The full texts of 
427 records were retrieved. Of the 62 full texts that were initially selected, 32 studies 
were excluded for various reasons (e.g., induction of negative expectations or no control 
condition). In total, 30 studies were included in the qualitative synthesis. For three 
studies a measure of variance (e.g., SD) was missing for the primary outcome (pain 
intensity) [129,178,181]. Sufficient data of 27 studies were available for meta-analysis.  

Study characteristics 
The characteristics of all included studies are reported in Table 3.1. The majority of 

the studies that could be included in the quantitative meta-analysis assessed the 
analgesic effects of verbal suggestions (67%, k = 18) such as "The agent you have just 
been given is known to powerfully reduce pain in some patients" [226,227,235,301] and 
“This drug is a local anesthetic and we use it to reduce the pain of the next stimulus. It 
takes a couple of minutes to work. Rest assured, the next stimulus will be less painful” 
[230]. Three studies assessed the effects of a conditioning procedure on pain, which was 
always combined with verbal suggestion of analgesic effects. Six studies assessed the 
effects of imagery, with images of pain reduction in four studies (e.g., by imagining 
numbness). The images used in the other two studies were not specified. Regarding the 
presence of multiple intervention components, we note that the intervention in four of 
the imagery studies incorporated relaxation instructions, to maximally engage 
participants in imagery. In no other studies there were indications of components of the 
interventions that could not be qualified as an expectation induction in themselves. 
Because verbal suggestions are inherently incorporated in almost all types of 
psychological interventions, suggestions were probably included in the studied imagery 
interventions. In total, 1,256 patients participated in the selected groups of the studies. 
The samples consisted of patients with various pathologies, e.g., patients with irritable 
bowel syndrome (k = 5) and patients experiencing long-lasting pain such as chronic back 
pain or recurrent migraine (k = 8). For most studies, measurements of clinical pain could 
be included: acute procedural pain (e.g., postoperative pain) was assessed in 12 studies, 
and chronic pain (e.g., chronic back pain, including cancer pain) in six studies. 
Measurements of experimentally evoked pain (e.g., electrical pain stimuli) were  
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Figure 3.1. PRISMA flow diagram showing study selection process, including reasons for exclusion 

Note. Selection was conducted by one reviewer unless otherwise stated. 
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included in nine studies. In all studies, patients reported their pain on a single-item pain 
scale (see Supplementary Table 3.1). 

Description risk of bias within studies 
Figures 3.2 and 3.3 show the results of the risk of bias (RoB) assessment in all 

included studies. Regarding selection bias, 63% of the studies reported that treatment 
allocation was random, but only 27% described adequate random sequence generation 
(low RoB). Randomization was not mentioned in 17% of the studies (unclear RoB), and 
incomplete or not performed at all in 20% of the studies (high RoB). Allocation 
concealment was reported adequately in only 13% of the studies (low RoB), in one study 
allocation concealment was described, but insufficiently (unclear RoB). None of the 
other studies mentioned allocation concealment, but a high RoB was inferred if 
randomization was incomplete or not performed at all (20%). In 40% of the studies there 
were no signs for attrition bias due to incomplete outcome reporting (low RoB). For 10% 
of the studies, drop out was unbalanced and/or related to the outcome measure (high 
RoB). The judgment of reporting bias was challenged for the majority of studies (93%) 
because no preregistered study protocol could be retrieved. When disregarding the 
presence of a protocol in the assessment (Figures 3.2 and 3.3), 63% of the studies could 
be judged as having a low RoB. For 1 study, there was discordance between some 
measures mentioned in the methods and results section, whereas in another study, 
analyses did not include all available measurements of the primary outcome (high RoB). 
In 30% of the studies, no imbalances in sample characteristics of sex, age, and baseline  

Figure 3.2. Risk of bias graph: review authors’ judgments about each risk of bias item presented 
as percentages across all included studies 

Note. For the item ‘Selective outcome reporting’ (reporting bias) the absence of a preregistered study protocol 
did not affect the judgment, because a protocol was absent for 93% of the studies.  
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Figure 3.3. Risk of bias summary: review authors' 
judgments about each risk of bias item for each 
included study 

Note. For the item ‘Selective outcome reporting’ (reporting 
bias) the absence of a preregistered study protocol did not 
affect the judgment, because a protocol was absent for 93% 
of the studies.  
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pain were observed (low risk of ‘other bias’). All other studies (70%) reported insufficient 
data regarding equality of one or more of these sample characteristics (unclear RoB). 
Last, the risk of ‘other bias’ was judged to be high in one study because of different study 
procedures in the intervention and control condition and in another study because of 
the insufficient reporting of study details such as the characteristics of the pain-
reporting scale. 

Primary meta-analysis: Effect of expectation inductions on pain 
See Figure 3.4 for the effect sizes per study and the pooled effects. Meta-analysis 

indicated a medium overall effect of the expectation inductions on pain in clinical 
samples (k = 27, g = 0.61, 95% CI 0.42-0.79). A high degree of heterogeneity was 
observed (I2 = 73%), with the study effect sizes ranging between g = -0.58 and g = 1.85. 
The effect sizes for the different expectation inductions varied from a medium to large 
pooled effect of verbal suggestion (k = 18, g = 0.75, 95% CI 0.50-1.00, I2 = 78%), to a 
medium pooled effect of conditioning (always paired with verbal suggestion; k = 3, g = 
0.65, 95% CI 0.18-1.11, I2 = 56%), and to a small pooled effect of imagery (k = 6, g = 0.27, 
95% CI 0.02-0.53, I2 = 42%).  

The overall effect of the expectation inductions corresponded with an average pain 
reduction of 1.16 points on a scale of 0-10 (95% CI 0.77-1.54). Verbal suggestion reduced 
pain with 1.39 points (95% CI 0.85-1.93), conditioning with 1.03 points (95% CI 0.30-
1.76), and imagery with 0.62 points (95% CI 0.10-1.15). 

The results of the studies for which sufficient data for meta-analyses were not 
available, were in line with the observed pooled effects. Ho et al. [129] found a mean 
difference of 18.3 on a scale of 0-100 between a verbal suggestion condition and a no- 
treatment condition. Liberman [181] observed that patients reported significantly less 
labor, postpartum, and experimental pain in a verbal suggestion condition compared 
with a control condition (p < .001). Laska and Sunshine [178] found that participants 
reported less pain when a placebo followed an active analgesic (i.e., conditioning) rather 
than when it followed a placebo (i.e., no conditioning; difference between 0.5 and 3.6 
on a sum of pain intensity differences scale). 

Subset analyses 
Effects on different types of pain. A comparison of the effects of the expectation 

inductions on different types of pain (see Table 3.1 for specifications) indicated a 
medium to large pooled effect on experimental pain (k = 9, g = 0.72, 95% CI 0.43-1.01, 
I2 = 52%) and a medium pooled effect on clinical pain (k = 18, g = 0.55, 95% CI 0.33-0.78, 
I2 = 77%). A further comparison of acute procedural versus chronic clinical pain indicated 
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a medium pooled effect on acute procedural pain (k = 12, g = 0.67, 95% CI 0.36-0.97, I2

= 74%) compared with a small pooled effect on chronic pain (k = 6, g = 0.33, 95% CI 0.04-
0.62, I2 = 70%). Comparing the effects on the different types of pain for the separate 
expectation inductions was only possible for verbal suggestion. The effects of verbal 
suggestion on experimental pain were comparable to the overall effect (k = 6, g = 0.79, 
95% CI 0.37-1.21, I2 = 59%), but the difference between the effects on acute procedural 
and chronic pain was considerably larger (k = 7, g = 1.03, 95% CI 0.79-1.27, I2 = 24% vs. 
k = 5, g = 0.25, 95% CI -0.06-0.56, I2 = 66%, respectively). 

Post hoc: Route of treatment administration. Verbal suggestions or conditioning 
referring to treatments that were administered via injection (see Table 3.1 for relevant 
studies) were associated with large pooled effects (k = 8, g = 0.90, 95% CI 0.58-1.21, I2 = 
52%), whereas oral and cutaneous treatments were associated with a small to medium 
pooled effect (k = 3, g = 0.42, 95% CI -0.23-1.07, I2 = 91% and k = 4, g = 0.47, 95% CI 0.00-
0.94, I2 = 70%,respectively). When analyzing only the effects of verbal suggestion, 
comparable results were found (k = 7, g = 0.87, 95% CI 0.51-1.23, I2 = 56% vs. k = 3, g = 
0.42, 95% CI -0.23-1.07, I2 = 91% vs. k = 3, g = 0.56, 95% CI 0.01-1.11, I2 = 77%, 
respectively). 

Post hoc: Active or placebo treatment. Studies that assessed the effects of verbal 
suggestion or conditioning that referred to an active treatment (see Table 3.1 for 
relevant studies) found a medium to large pooled effect (k = 5, g = 0.73, 95% CI 0.35-
1.10, I2 = 70%), compared with a large pooled effect in studies that used a placebo 
treatment (k = 13, g = 0.90, 95% CI 0.61-1.19, I2 = 58%). When analyzing only the effects 
of verbal suggestion, comparable results were found (k = 5, g = 0.73, 95% CI 0.35-1.10, 
I2 = 70% vs. k = 11, g = 0.95, 95% CI 0.63-1.26, I2 = 58%, respectively). No differential 
effects were indicated in three studies in which both active and placebo treatments 
were used (g = 0.25, 95% CI -0.13-0.64, I2 = 64% and g = 0.22, 95% CI -0.15-0.59, I2 = 62%, 
respectively) [70,123,148]. 

Effect of expectation inductions on additional outcomes 
See Figure 3.5 for the effect sizes per study and the pooled effects for each of the 

additional outcomes. 
Expected pain. From five (of seven) studies, sufficient data were available to 

analyze the effects of expectation inductions (k = 5 verbal suggestion) on self-reported 
expectations of pain. A medium pooled effect was observed (g = 0.66, 95% CI 0.43-0.90, 
I2 = 0%). 

Affective pain. From seven (of ten) studies, sufficient data were available to analyze 
the effects of expectation inductions (k = 4 verbal suggestion, k = 3 imagery) on affective 
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pain (i.e., pain unpleasantness or pain distress). A medium pooled effect was observed 
(g = 0.45, 95% CI 0.21-0.70, I2 = 34%). 

Anxiety. From five (of six) studies, sufficient data were available to analyze the 
effects of expectation inductions (k = 2 verbal suggestion, k = 3 imagery) on anxiety 
(measured with the state version of the State-Trait Anxiety Inventory or an anxiety visual 
analogue scale). A large pooled effect was observed (g = 1.38, 95% CI 0.11-2.66, I2 = 
96%); however, when excluding an extreme outlier (g = 7.93 [92]), no effect was observed 
(g = 0.03, 95% CI -0.21-0.26, I2 = 0%). 

Sensitivity analyses for overall effect of expectation inductions on pain 
Risk of bias within studies. Excluding studies that were judged to have a high risk 

of bias on one or more items (k = 9, see Figure 3.3) did not substantially affect the overall 
effect size (g = 0.63, 95% CI 0.38-0.87). 

Publication bias. The funnel plot (Figure 3.6) suggests publication bias. The trim 
and fill method indicated that six studies demonstrating below-average effects of an 
expectation induction on pain relief (the black dots in the figure) were estimated to be 
missing. Including these studies would lower the overall effect size to g = 0.43 (95% CI 
0.24-0.62).  

Type of control condition. When expectation inductions were compared to a 
control condition with a control treatment a pooled effect of g = 0.58 (k = 16, 95% CI 
0.34-0.82) was observed, whereas for studies in which a no-treatment control condition 
was used, a pooled effect of g = 0.65 (k = 11, 95% CI 0.35-0.94) was found. Excluding 
three studies that involved a control condition in which some expectations of pain relief 
might have been induced [70,174,313], resulted in an overall effect of g = 0.67 (95% CI 
0.49-0.86). 

Between- versus within-subjects comparisons. The pooled effect for studies for 
which between-subjects comparisons were reported was g = 0.53 (k = 16, 95% CI 0.26-
0.80), compared to g = 0.70 for studies in which within-subjects comparison were used 
(k = 11, 95% CI 0.45-0.96). Including within- rather than between-subjects comparisons 
of two studies for which both comparisons could be made did not affect the overall 
effect size (g = 0.60, 95% CI 0.43-0.78). 

Imputed correlation coefficients. Sensitivity analyses testing whether the imputed 
intervention – control correlation of r = 0.5 for within-subjects comparisons affected the 
observed effects indicated a stable overall effect size (when r = 0.1, g = 0.60, 95% CI 
0.41-0.79; when r = 0.9, g = 0.61, 95% CI 0.44-0.77).  
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Figure 3.6. Funnel plot of SE by Hedges’ g 

Post-intervention versus change scores. When excluding three studies for which 
only change scores were available [25,52,180], rather than the preferred post-intervention 
scores, the overall effect size was g = 0.55 (95% CI 0.37-0.73). When selecting change 
scores rather than post-intervention scores (available for 12 studies) the overall effect 
size was g = 0.70 (95% CI 0.49-0.90). 

In summary, these sensitivity analyses indicate a relatively stable overall effect size, 
ranging from g = 0.43 to g = 0.70.  

Discussion 

The current meta-analysis assessed the pain-reducing effects of three expectation 
interventions, i.e., verbal suggestion, conditioning, and imagery, in clinical samples. 
Meta-analysis of 27 studies showed an overall medium-sized (heterogeneous) effect of 
the interventions on patients’ pain relief. The effects of verbal suggestion were most 
frequently studied and could be qualified as medium to large. Conditioning (always 
paired with verbal suggestion) and imagery were studied much less frequently, and were 
associated with medium and small effects, respectively. The effect sizes varied 
depending on the type of pain that patients experienced, with medium to large effects 
in the case of experimental and acute procedural pain, but small effects on chronic pain. 
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Thus, interventions that can induce analgesic expectations, particularly verbal 
suggestions for acute procedural pain, were found to relief patients’ pain and can thus 
possibly be used to optimize the effectiveness of standard analgesic treatments in 
clinical practice.  

The findings of this meta-analysis extend previous meta-analyses in which the pain-
reducing effects of verbal suggestion and conditioning were studied in the context of 
placebo effects [298,299] and a meta-analysis and systematic reviews in which the pain-
reducing effects of imagery were studied [231,232,291], by directly comparing the effects 
of these expectation inductions, while focusing on brief interventions in clinical samples. 
The observed medium to large effects of verbal suggestion on experimentally evoked 
and acute procedural pain were generally in line with the findings of a previous meta-
analysis [299] and more recent studies in healthy participants [16,189,266], which supports 
the transferability of findings from healthy to clinical samples. In contrast, the effects of 
verbal suggestion on chronic pain were found to be small, possibly because of repeated 
negative treatment experiences in the past and consequently more negative 
expectations regarding pain treatment in general that cannot be easily molded by a brief 
verbal suggestion [95]. However, because within-study comparisons of experimental and 
chronic pain provided somewhat equivocal results [52,226,227], and given the 
heterogeneity of the studies, further research is required. Surprisingly, although 
conditioning procedures were always paired with corresponding verbal suggestions, 
their effects on pain in clinical samples were not larger than the effects of verbal 
suggestion alone. This finding is in contrast with previous research in healthy samples, 
where such procedures are generally observed to have more robust effects on pain than 
verbal suggestions alone [20,166,197]. However, because the effects of conditioning in 
clinical samples could be analyzed only in three studies and were studied only on 
experimental pain, and because conditioning procedures were always paired with verbal 
suggestion, no firm conclusions can be drawn yet about the size of conditioning effects 
in clinical samples. Imagery was found to have a small effect on clinical pain in our meta-
analysis. This is partially in contrast with previous reviews that indicated small to large 
effects of imagery on pain [231,232,291]. Also, a priori, we considered that imagery might 
be more effective than verbal suggestion because visual thinking has been found to have 
a larger impact on emotions, and hence possibly also the subjective pain experience, 
than verbal thinking [116,133] and because imagery entails more active involvement [89]. 
Several factors might explain these findings. First, the selected imagery interventions 
were brief, maximally one day (to increase comparability between the expectation 
inductions). Possibly more practice time is required to obtain substantial effects (Van 
Kuiken, 2004a). Second, imagery instructions were always delivered through audio 
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recordings, whereas verbal suggestions were given by the experimenter. Personal 
communication might enhance the effects of expectation inductions.  

Subsequent post hoc analyses demonstrated that the observed effects of verbal 
suggestion and conditioning varied depending on the route of administration of the 
medical treatment to which they referred, with larger effects for more invasive 
treatments (injections) than less invasive treatments (oral and cutaneous). This is in line 
with previous experimental placebo research and a meta-analysis of placebo arm data 
of clinical trials [71,152]. In addition, the effects of verbal suggestion and conditioning 
were slightly larger when they referred to a placebo rather than an active treatment. 
However, direct comparisons within three studies indicated no differential effects 
[70,123,148]. Also, research in healthy samples provides equivocal results regarding the 
relative effect sizes [15,259]. Nonetheless, these findings underscore that expectation 
interventions are not only relevant in the context of placebo effects, but also that they 
can enhance the analgesic effects of active treatments in clinical samples. 

The core working mechanism of verbal suggestion, conditioning, and imagery is 
thought to be expectancy, as already implied by the term ‘expectation inductions’. Our 
meta-analysis of the subset of studies in which expectations were measured 
demonstrated that verbal suggestion indeed induced expectations of pain relief, and the 
study authors showed that these expectations predicted effects on actually experienced 
pain [52,226,261,300,301]. Previous research in healthy samples confirmed that also 
conditioning and imagery induce expectations [40,119,160,161,202,224], but, because of a 
lack of research, this cannot yet be confirmed in clinical samples. Also, anxiety reduction 
has been considered as a possible psychological working mechanism [91,189,231,291]. 
However, our meta-analysis could not demonstrate an effect of the expectation 
inductions on anxiety in clinical samples, with the exception of one study in which large 
effects of imagery on anxiety were observed. Preliminary evidence from another study 
[301] suggests possible effects on pain specific anxiety. Several other psychological
processes (e.g., general affect, attention, or sense of control) might be affected by the
interventions, but this could not be assessed in the meta-analysis because necessary
data were not available. We could not meta-analyze physiological and neuroimaging
data, because of the paucity and complexity of the data. Although several previous
reviews illustrate the neurobiological mechanisms of placebo effects and imagery, it was
predominantly in healthy samples [14,201,256]. An inspection of the included studies in
patient samples provides preliminary evidence that verbal suggestion might be able to
reduce heart rate [28,230] and c-reactive protein [122], but not cortisol (possibly because
of methodological issues) [122,134,261]. A study on imagery found no evidence for effects
on physiological responses [92]. At a neurobiological level, the effects of verbal
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suggestion and conditioning on pain have been found to be associated with pain-related 
brain activity and connectivity among different brain regions [28,123,179,235,261]. Further 
research is required to allow more conclusive inferences of the effects of expectation 
interventions on physiological and neurological processes in clinical populations. 

When evaluating the current results, certain methodological factors that could 
have affected the observed effect sizes should be considered. Despite considerable 
heterogeneity, sensitivity analyses indicated a relatively stable overall effect size in 
relation to the research design (type of control condition, within- vs. between-subjects 
comparisons) and selected values for analyses (imputed correlation coefficients, post-
intervention rather than change scores). However, there were indications for 
publication bias, which might have inflated the overall effect size (although the adjusted 
effect size could still be qualified as medium). Bias in the individual studies could 
frequently not be judged decisively due to insufficiently detailed reporting and the 
absence of preregistered study protocols. Also, response bias due to the (partial) 
infeasibility of blinding cannot be excluded. Nevertheless, because excluding studies 
with a known high risk of bias barely influenced the observed overall effect size, the 
influence of study bias seems minor. Last, the observed pairing of conditioning with 
verbal suggestion and the frequent inherent inclusion of relaxation, and possibly also 
verbal suggestion, in imagery interventions, could have affected the observed effects 
and hampers judgments of the effectiveness of the separate intervention components.  

Based on this meta-analysis, several directions for future research can be 
considered. Most importantly, given the current positive but heterogeneous and still 
limited findings, future research might focus particularly on further examining the 
elements that determine the effectiveness of the different expectations inductions and 
on maximizing therapeutic effects. Research on active intervention elements (e.g., 
specifics of verbal suggestion and pure imagery), mediating factors (expectations, 
physiological and neurobiological responses, and e.g., anxiety and attention), 
moderating factors (e.g., previous pain experiences, pain treatment history, desire for 
pain relief, and personality characteristics), and outcome characteristics (e.g., type of 
pain) could provide insight into what determines the effects of the expectation 
interventions, and for whom and when they are effective. Also, combining different 
expectation inductions might enhance the effects, and for patients with chronic pain, 
more extensive interventions (e.g., also addressing general expectations regarding 
medical treatment and health) might be considered. Importantly, research should not 
only aim at inducing and/or enhancing positive expectations, but should also address 
negative expectations regarding adverse effects [225]. Furthermore, the current findings 
allow for conclusions regarding only the short-term effects of the expectation 
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interventions; further research is warranted to determine whether the interventions 
have a long-lasting clinical impact. Last, more detailed methodological reporting of the 
research, including preregistration, would further advance the field and facilitate future 
meta-analyses [127,264]. 

In conclusion, the current meta-analysis indicated that brief expectation 
interventions, especially verbal suggestion, can relief patients’ acute procedural and, to 
a lesser extent, chronic pain. Most notably, the observed analgesic effects of verbal 
suggestions regarding placebo or active treatments underline the importance of the 
information a clinician provides when administering an analgesic treatment. Informing 
patients about, and emphasizing, the positive intended and expected outcomes of an 
analgesic intervention, without neglecting possible negative side effects, can optimize 
treatment effectiveness.  
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Supplementary materials Chapter 3 

Supplementary Section 3.1. Search strategy 

PubMed 
("Placebo Effect"[Mesh] OR "Conditioning (Psychology)"[Mesh:noexp] OR "Conditioning, 
Classical"[Mesh] OR "Imagery (Psychotherapy)"[Mesh] OR placebo effect[tiab] OR placebo 
effects[tiab] OR placebo analgesia[tiab] OR verbal suggestion[tiab] OR verbal suggestions[tiab] OR 
open-hidden [tiab] OR open-label placebo[tiab] OR (conditioning[tiab] NOT medline[sb]) OR 
imagery[tiab]) AND ("Pain"[Mesh] OR "Analgesia"[Mesh] OR pain[tiab] OR analgesia[tiab] OR 
analgesic[tiab]) NOT ("animals"[Mesh] NOT "humans"[Mesh]) 

PsycINFO (via OvidSP) 
(exp placebo/ OR conditioning/ OR classical conditioning/ OR imagery/ OR conceptual imagery/ 
OR guided imagery/ OR (placebo effect OR placebo effects OR placebo analgesia OR verbal 
suggestion OR verbal suggestions OR open-hidden OR open-label placebo OR conditioning OR 
imagery).ti,ab,id. ) AND (exp pain/ OR exp analgesia/ OR (pain OR analgesia OR analgesic).ti,ab,id.) 

EMBASE (via OvidSP) 
(placebo effect/ OR conditioning/ OR imagery/ OR guided imagery/ OR (placebo effect OR placebo 
effects OR placebo analgesia OR verbal suggestion OR verbal suggestions OR open-hidden OR 
open-label placebo OR conditioning OR imagery).ti,ab. ) AND (exp pain/ OR exp analgesia/ OR 
(pain OR analgesia OR analgesic).ti,ab.) NOT ((nonhuman/ OR animal/) NOT human/) 

Cochrane CENTRAL & Cochrane Methodology Register (via Cochrane library) 
([mh "Placebo Effect"] OR [mh ̂ "Conditioning (Psychology)"] OR [mh "Conditioning, Classical"] OR 
[mh "Imagery (Psychotherapy)"] OR (“placebo effect” OR “placebo effects” OR “placebo 
analgesia” OR “verbal suggestion” OR “verbal suggestions” OR “open-hidden” OR “open-label 
placebo” OR conditioning OR imagery:ti,ab,kw)) AND ( [mh Pain] OR [mh Analgesia] OR (pain OR 
analgesia OR analgesic:ti,ab,kw)) NOT ([mh animals] NOT [mh humans] 
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Abstract 

Research into placebo effects has convincingly shown that inducing positive 
outcome expectations can reduce pain and other physical sensations. However, the 
comparative effects of different expectation inductions, such as verbal suggestion or 
mental imagery, and their generic effects on physical sensitivity, to different sensations 
such as pain, itch, and fatigue, are still largely unknown. In the current study, we 
assessed the individual and combined effects of verbal suggestion and imagery on pain, 
itch, and fatigue as indicators of physical sensitivity in a randomized study design. 
Healthy participants (n = 116) were given an inert (placebo) capsule that was said to be 
effective for reducing physical sensitivity in either the majority (positive verbal 
suggestion) or the minority (control verbal suggestion) of users. Subsequently, they 
imagined either their best possible health (positive imagery) or a typical day (control 
imagery). Sensitivity to pain, itch, and fatigue was tested using a cold pressor test, 
histamine iontophoresis, and a bicycle test, respectively. Heart rate and skin 
conductance were recorded continuously. Results showed that positive verbal 
suggestion and imagery successfully induced positive expectations, but they did not 
affect physical sensitivity, as indicated by sensitivity to pain, itch, or fatigue, or 
concurrent physiological responses. These results could indicate that the specificity and 
concreteness of expectation inductions might be important for their applicability in the 
treatment of physical symptoms. 
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Introduction 

Patients' expectations are important predictors of the outcome of treatment for 
medical conditions such as chronic pain [206,240]. Particularly research into the 
mechanisms of placebo effects has convincingly shown the influence of expectations on 
physical sensations [159,236,298]. Inducing positive expectations, for example via verbal 
suggestion or mental imagery, could thus possibly enhance the effectiveness of 
treatments, such as analgesic interventions. 

Verbal suggestion, i.e., instructional learning, is often used in placebo research, and 
there is a substantial body of research showing that inducing positive expectations via 
verbal suggestion (e.g., saying that an inert substance is a strong painkiller) can elicit 
pain relief, although the effects vary across studies [27,52,166,168,190,248,262,299,300]. 
Alternatively, imagery, i.e., the formation of mental images, has been investigated as a 
technique to induce positive expectations. In comparison to verbal suggestion, imagery 
of a future event or desired outcome involves a relatively implicit suggestion, at a visual 
rather than verbal cognitive level. Additionally, imagery involves a more active 
experience and is often associated with a larger impact on emotions [116,133]. An 
example is best possible self (BPS) imagery, during which one imagines one’s best 
possible future self (e.g., when one has an optimal private and work life) [157]. BPS 
imagery has been found to increase general positive expectations (i.e., optimism) 
[202,224] and to reduce pain and medical care utilization [119,157], although the results are 
not always consistent [40]. Thus, there is some evidence that positive expectations 
induced via verbal suggestion or imagery can reduce pain. However, the comparative 
effects of verbal suggestion and imagery, each addressing expectations at different 
cognitive levels (i.e., verbal and visual), are still largely unknown. Furthermore, there is 
a lack of information about the generic effects of these expectation inductions on 
physical sensitivity. For example, it is largely unknown whether the expectation 
inductions can affect other sensations, such as itch and fatigue, which are similarly 
prevalent and debilitating sensations that frequently co-occur with pain and that are 
associated with partially overlapping mechanisms [23,41,54,173,185,199,279,305]. There are 
only some preliminary indications that verbal suggestion can reduce itch [20,295], and the 
few studies that assessed the effects of verbal suggestion on fatigue, all in the context 
of sports performance, yielded equivocal results [47,79,229]. The effects of future-
oriented imagery on itch and fatigue have, to our knowledge, not yet been studied 
systematically.  

The primary aim of the current study was to investigate the individual and 
combined effects of positive expectation inductions, specifically verbal suggestion and 
imagery, on physical sensitivity, as indicated by sensitivity to pain, itch, and fatigue, in a 
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healthy sample. It was hypothesized that both positive verbal suggestion (that a placebo 
capsule would reduce physical sensitivity) and imagery (of ones best possible health) 
would reduce physical sensitivity compared with control verbal suggestion and imagery. 
In addition, we explored whether the combination of both verbal suggestion and the 
imagery exercise would result in lower physical sensitivity than each manipulation 
individually. A secondary aim was to explore the effects of the expectation inductions 
on corresponding physiological responses (i.e., heart rate and skin conductance), as 
indicators of activity of the autonomic nervous system, since previous research has 
found pain to be associated with corresponding heart rate and skin conductance 
responses [186,230,285]. A further secondary aim was to explore the effects on and the 
possible moderating roles of psychological characteristics, based on previous research 
indicating that expectation inductions might influence not only expectations, but also, 
for example, affect and that e.g., optimism can moderate the effects of the expectation 
inductions [100,135,159,226]. 

 
 

Method 

Ethics statement 
The protocol was approved by the local Medical Ethics Committee (CMO Regio 

Arnhem-Nijmegen) and the study followed the rules stated in the Declaration of 
Helsinki. The study was registered at the Nederlands Trial Register (registration code: 
NTR3641). All participants gave written informed consent. 

 
Participants 

The sample consisted of 116 healthy participants. Exclusion criteria were severe 
physical or psychological morbidity (e.g., heart disease or DSM-IV psychiatric disorders), 
chronic (≥ 6 months) pain, itch, or fatigue currently or in the past, Raynaud’s disease, 
instable asthma or allergic rhinitis, inadequate health for physical exercise, use of 
pacemaker or medications that influence heart rate, and pregnancy. Participants were 
aged 18-27 years (M = 21.8, SD = 2.1). Eighty-five percent of the participants were 
students, 71% were women (of whom 70% used hormonal contraceptives), and 39% had 
a partner (of whom 29% lived with their partner). All participants could speak and write 
Dutch fluently. At the beginning of the test session, participants reported low baseline 
pain, itch, and fatigue levels (M = 0.1, SD = 0.4; M = 0.3, SD = 0.6; M = 0.6, SD = 0.9 on 
scales from 0 to 10, respectively). These participant characteristics did not differ 
between the conditions (see section Expectation inductions for the conditions), except 
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that participants in the positive imagery conditions were significantly older than 
participants in the control imagery conditions (Δ = 0.9 years).  

General procedure 
Potential participants were informed that the study assessed the effects of a new 

substance and an imagery exercise on the sensitivity to physical sensations. After 
registration, potential participants filled out several online screening and psychological 
characteristics questionnaires. If they were eligible for inclusion, they were invited to 
the laboratory. Participants were asked to refrain from using painkillers, sleep-inducing 
medication, alcohol or other drugs, and heavy physical exercise in the 24 hours prior to 
the test session as not to bias the primary outcome measures, and not to consume 
caffeine-containing drinks or a heavy meal, or to smoke in the hour prior to the test 
session, in view of the physiological measures [125,162]. Recruitment and testing took 
place between December 2012 and October 2013 at the Department of Medical 
Psychology of the Radboud university medical center, Nijmegen, the Netherlands. The 
full procedure per participant was done by one of three female experimenters at a 
standard time (start at 9 am, duration 3 hours). On the test day, all participants gave 
their written informed consent. Subsequently, baseline pain, itch, and fatigue were 
assessed, and psychological questionnaires and physiological measures were 
administered. Then expectations were induced according to a 2 (positive vs. control 
verbal suggestion) x 2 (positive vs. control imagery) factorial design. Participants were 
randomly allocated to one of the four conditions (which differed only in the way 
expectations were induced) according to a randomization sequence that was generated 
by an independent researcher with an online random number generator 
(www.randomization.com; stratified by sex with a 1:1:1:1 allocation using block sizes of 
4 and 8). Allocation was concealed from the experimenter in sequentially numbered, 
opaque, sealed envelopes until after the baseline assessments. Participants were 
unaware of randomization or differences between conditions during the experiment. 
Participants received either positive or control verbal suggestion along with a placebo 
capsule, after which the positive or control imagery exercise was carried out. 
Afterwards, psychological questionnaires were re-administered. Subsequently, physical 
sensitivity, specifically sensitivity to induced pain, itch, and fatigue was assessed, with a 
cold pressor test, histamine iontophoresis, and a bicycle test, respectively, in 
randomized order. Before each test, resting measurements were recorded (1 min) and 
participants were briefly reminded about the induced expectations. Between tests, 
there was a 10-minute break. The session was concluded with several questions 
regarding imagery quality and an oral debriefing by the experimenter. All participants 
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completed the study. Participants were compensated with gift vouchers or participant 
credits (students of Psychology and of Education and Child Studies are required to earn 
credits through participation in research).  

 
Expectation inductions 

The expectation inductions were tested in four conditions: 1) Verbal suggestion 
condition (n = 30, positive verbal suggestion and control imagery); 2) Imagery condition 
(n = 29, control verbal suggestion and positive imagery); 3) Combination condition (n = 
28, positive verbal suggestion and positive imagery); and 4) Control condition (n = 29, 
control verbal suggestion and control imagery).  

Verbal suggestion. All participants were told that they would receive a new 
substance (labeled as ‘AKF nr 1898’) that had been developed to reduce sensitivity to 
physical sensations (such as pain, itch, and fatigue) through its effect on processes in the 
central nervous system. It was explained that we were studying the working 
mechanisms to gain a better understanding of the effects of the drug on pain, itch, and 
fatigue. Participants were told that the drug would take effect after 20 minutes and that 
the effect would last for at least 2 hours. Additionally, to improve credibility, they were 
told that there was a small chance that they would experience side effects (e.g., 
headache). The condition-specific verbal suggestion, based on our previous research on 
verbal suggestion effects on pain and itch [295], then followed. The positive verbal 
suggestion stated: “Recent research has shown that this substance is effective in 95% of 
users. Most people become less sensitive to physical sensations after taking this 
substance”. The control verbal suggestion stated: “Recent studies have shown that this 
substance is effective in only 5% of users. Only some people become less sensitive to 
physical sensations after taking this substance”. Along with the verbal suggestion, all 
participants ingested an inert red gelatin capsule (6 x 17 mm) containing microcrystalline 
cellulose (manufactured by the Department of Clinical Pharmacy, Radboud university 
medical center). Before each of the physical sensitivity tests, the verbal suggestion 
(“effective in 95% / 5% of users”) was briefly repeated. 

Imagery. For positive imagery, participants were asked to imagine their best 
possible health, i.e., they imagined themselves in a future when they would be optimally 
fit and healthy, full of energy, and not limited by physical problems. They imagined what 
this would feel like during, for example, physical exercise or work. This exercise is an 
adjusted version of the best possible self-imagery exercise [157,224]. For control imagery, 
participants were asked to imagine the details of a typical day, for example how they 
start the day and common work or school activities [224,269]. All participants were asked 
to imagine their best possible health or typical day as detailed and as vividly as possible. 
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To make sure that participants understood the exercise, they were asked to briefly 
describe the images that first came to mind and feedback was provided when required. 
Participants then wrote about their best possible health or typical day (15 min), after 
which they mentally imagined it (5 minutes). During both writing and imagery, the 
experimenter was in an adjacent room, where she could observe participants 
unobtrusively. Before each of the physical sensitivity tests, participants briefly (1 min) 
imagined their best possible health or typical day again. 

Manipulation checks. To check whether positive verbal suggestion indeed induced 
positive expectations, the participants indicated, before taking the capsule, how 
effective they thought the capsule would be on a numerical rating scale (NRS) ranging 
from 0.0 (not effective at all) to 10.0 (very effective). To check whether positive imagery 
indeed induced positive expectations, positive and negative general expectations were 
assessed with the questionnaire for Future Expectations (FEX [119]; an adaptation of the 
Subjective Probability Task [193]). The FEX consists of 10 positive and 10 negative 
statements referring to future outcomes, e.g., ‘you will be very fit and healthy’. 
Participants judged the likelihood of each statement on a scale from 1 (not likely at all) 
to 7 (extremely likely). Cronbach’s alpha ranged from 0.82 to 0.86 for the positive scale 
and from 0.85 to 0.86 for the negative scale in this study. To check imagery quality, 
participants rated the valence of their image on a visual analogue scale (VAS) ranging 
from 0 (very negative) to 10 (very positive), and they rated how well they could 
concentrate on and visualize these images during writing and imagery, on VASs ranging 
from 0 (not at all) to 10 (very well).  

Primary outcome: Physical sensitivity 
To assess physical sensitivity, moderate pain, itch, and fatigue were induced using 

a cold pressor test, histamine iontophoresis, and a bicycle test, respectively, in random 
order. Participants reported the experienced intensity of the sensations on a NRS 
ranging from 0.0 (no pain/itch/fatigue at all) to 10.0 (worst pain/itch/fatigue ever 
experienced). If participants rated the intensity above 0, they also rated the 
unpleasantness of the sensation on a NRS ranging from 0 (not unpleasant at all) to 10 
(very unpleasant). The same NRSs were used to assess pain, itch, and fatigue at baseline 
and prior to each test, and to assess average induced pain, itch, and fatigue at the end 
of each test, and every 30 seconds for 4 minutes after each test. 

Cold pressor test. Pain was induced with a cold pressor test [119,292]. Participants 
were instructed to place their dominant hand up to the wrist in a Styrofoam tank (2.7 
liter) with cold water at 4°C (M = 4.0, SD = 0.1) for 1 minute. Participants were not aware 
of the duration of the test, but were instructed to keep their hand in the water until the 
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experimenter gave a signal. Participants rated pain intensity and unpleasantness on the 
NRSs every 15 seconds during immersion.  

Histamine iontophoresis. Itch was induced with a histamine iontophoresis 
procedure [292]. Histamine dihydrochloride (0.5%) was dissolved in a gel of 
methylcellulose and propylene glycol in distilled water (manufactured by the 
department of Clinical Pharmacy, Radboud university medical center) and 2.5 ml was 
placed in a disposable iontophoresis electrode (IOGEL medium, Chattanooga, Hixson, 
TN, USA), which was placed on the non-dominant forearm, 2 cm distal to the lateral 
epicondyle of the humerus. The reference electrode was applied to the skin on the 
lateral side of the triceps brachial muscle. The histamine solution was delivered with a 
dose controller (Chattanooga ionto, Chattanooga Group, Hixson, TN, USA) for 2.5 
minutes at a current level of 0.4 mA. Participants rated itch intensity and unpleasantness 
on the NRSs every 30 seconds during histamine application.  

Bicycle test. Fatigue was induced with a submaximal bicycle test, which was based 
on the Åstrand bicycle test [12,124,214,272] and validated in a pilot study (n = 10; 50% 
female; age M = 27.2, SD = 4.4; NRS fatigue intensity during test phase M = 6.6, SD = 1.1, 
min = 5.0, max = 8.5; heart rate M = 153.5, SD = 6.3). Participants cycled on an exercise 
ergometer (Optibike Med, Ergoline, Bitz, Germany) for 10 minutes at 60-80 revolutions 
per minute at an individualized target heart rate. The individualized target heart rate 
was calculated by using the Karvonen formula: intensity x heart rate reserve + resting 
heart rate [153,316]. More specifically, the intensity was set within a range of 60% to 70% 
of the heart rate reserve, which equals the estimated maximal heart rate (220 – age) 
minus the resting heart rate (determined during the last minute of a 5-min resting 
measurement at the beginning of the testing session). The first 6 minutes of the test 
were used to determine the workload (watts) required to reach the target heart rate 
(the preparation phase). Participants continued cycling at their target heart rate (M = 
152.4, SD = 6.1) for 4 minutes (the test phase). They rated fatigue intensity and 
unpleasantness on the NRSs every 60 seconds during the preparation phase and every 
30 seconds during the test phase. 

 
Secondary outcome: Physiological responses 

Heart rate and skin conductance were measured continuously using a MP150 
system and AcqKnowledge software, version 4.2.0 (BIOPAC Systems Inc., Goleta, CA, 
USA). For heart rate (HR) measurements, after abrading the skin (Nuprep, Weaver and 
Company, Aurora, CO, USA), a disposable electrode (Ø 38 mm; Kendall 200 Foam 
Electrode, Covidien, Mansfield, MA, USA) was placed on the sternum and another a few 
centimeters below the lower rib on the left side. The electrocardiography (ECG) signals 
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were recorded with an ECG100C amplifier at 1000 Hz with a gain of 1000, a 0.5-Hz high 
pass filter, a 35-Hz low pass filter, and a 50-Hz notch filter. For skin conductance (SC) 
measurements, after cleaning the skin with water, two disposable Ag/AgCl electrodes 
(Ø 32 mm; DBF3D77, Multi Bio Sensors Inc., El Paso, TX, USA) were placed on the medial
phalanges of the index and middle finger of the non-dominant hand. Skin conductance
was recorded with a GSR100C amplifier at 1000 Hz with a gain of 10 µmho/V and a 1.0-
Hz low pass filter. Visual inspection of the ECG and SC data, HR calculation, and
calculation of the mean HR and SC levels during baseline and the pain, itch, and fatigue
tests was conducted in MATLAB (version R2012b, the MathWorks, Inc., Natick, Ma,
USA).

Additional salivary data to assess the effects of the expectation inductions on 
cortisol and alpha-amylase were collected (prior to and after the expectation inductions 
and after the physical sensitivity tests), as well as salivary data to assess the possible 
influence of genotypes, such as the 5-HTTLPR genotype, but these data were not 
analyzed in view of the non-significant results of the primary and other secondary 
analyses. 

Secondary outcome: Psychological characteristics 
Prior to and after the expectation inductions, the following questionnaires were 

administered to assess the effects of the expectation inductions on psychological 
characteristics and their possible moderating role in the effects of the expectation 
inductions on physical sensitivity. A short version of the Positive and Negative Affect 
Schedule (PANAS) [155,223] was used to measure positive and negative affect. Cronbach’s 
alpha ranged from 0.73 to 0.75 for positive affect and from 0.67 to 0.72 for negative 
affect in this study. A short version of the State-Trait Anxiety Inventory, State version 
(STAI-S) [196,290] was used to measure state anxiety. Cronbach’s alpha ranged from 0.67 
to 0.68 in this study. The revised Life Orientation Test (LOT-R) [224,258] was used to 
measure dispositional optimism. Cronbach’s alpha ranged from 0.72 to 0.74 in this 
study. 

Additional questionnaires were administered, along with the online screening 
questionnaires, to assess the possible moderating role of psychological characteristics 
in the effects of the expectation inductions on physical sensitivity: Eysenck Personality 
Questionnaire, Revised Neuroticism and Extraversion subscales [253]; Hospital Anxiety 
and Depression Scale [324]; Beliefs about Medication Questionnaire [137]; Sheehan–Betts 
Quality of Mental Imagery Scale [268]; Pain Catastrophizing Scale, adjusted for physical 
sensations [282]; Body Vigilance Scale [263]; Pain Vigilance and Awareness Questionnaire, 
adjusted for physical sensations [200]; International Physical Activity Questionnaire [64]. 
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Statistical analyses 
The required sample size for the primary analyses was calculated in G*power 3.1 

[88], for a 2 x 2 factorial ANOVA testing main and interaction effects, with desired power 
= .80 and α = .05. The expected effect sizes were based on the average effect size found 
in a meta-analysis on the effects of verbal suggestion on placebo analgesia (d = 0.85, for 
main effect of verbal suggestion) [299] and the available research on the effects of best 
possible health imagery on pain during cold pressor immersion (d = 0.56, for main effect 
of imagery) [119]. The largest required sample size (n = 104) was used and increased with 
10% in case of missing data due to, e.g., technical problems (total n = 116).  

Prior to analyses, missing NRS intensity and unpleasantness scores, due to 
participants prematurely ending the pain test (n = 3, of whom 1 in the Combination 
condition, and 2 in the Control condition) or fatigue test (n = 3, of whom 2 in the Imagery 
condition and 1 in the Control condition), were replaced using the last observation 
carried forward method. Of one participant in the Verbal suggestion condition all pain 
scores were missing due to prematurely ending the test. Missing data was equally 
distributed across conditions and no participant dropped out of more than one test. Full 
HR and SC data were missing for one participant and SC data was missing for one 
additional participant during the bicycle test, due to technical problems. Using IBM SPSS 
Statistics version 21 for Windows (IBM Corporation, Armonk, NY, USA), data were 
analyzed with analyses of (co)variance (AN(C)OVAs), with baseline variables as covariate 
when available, and a two-tailed significance level of α = .05. In case the assumptions of 
the statistical tests (e.g., of normality) were violated, the data were transformed or 
otherwise non-parametric tests were used if feasible (indicated in description of specific 
analyses if applicable). The effects on PANAS negative affect scores were not analyzed 
due to strong floor effects (post-intervention, 81% of participants reported the 
minimum negative affect score). If significant between-group differences in sex (chi-
square test), age (2 x 2 ANOVA), NRS baseline pain, itch, or fatigue levels (Kruskal-Wallis 
tests), or baseline FEX, PANAS, STAI-S, or LOT-R scores (2 x 2 ANOVAs) were found, and 
if the respective variable significantly correlated with the primary outcome measure, 
sensitivity analyses were conducted for the primary analyses with the variable(s) as 
covariate(s).  

The manipulation check for verbal suggestion was conducted with univariate 
ANOVAs with verbal suggestion (VS) as independent variable and the NRS score for 
expected effectiveness of the capsule as dependent variable. The manipulation check 
for imagery was conducted with univariate AN(C)OVAs with imagery (Imag) as 
independent variable, FEX positive and negative scores, and the imagery quality 
questions (writing and imagery scores taken together) as dependent variables, and the 
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available baseline scores of the respective measures as covariates (only available for the 
FEX positive and negative scores).  

To test the primary hypotheses, a composite intensity score, as a measure of 
physical sensitivity, was calculated (thereby also controlling for multiplicity [140,286]) by 
summing the standardized mean NRS intensity scores for all pain ratings during the cold 
pressor test (assessed at 0:15, 0:30, 0:45, and 1:00 min during immersion in the cold 
water), all itch ratings during histamine iontophoresis (assessed at 0:30, 1:00, 1:30, 2:00, 
and 2:30 min during histamine application), and all fatigue ratings during the bicycle test 
(assessed at 0:30, 1:00, 1:30, 2:00, 2:30, 3:00, 3:30 and 4:00 min during the test phase). 
A 2 (VS) x 2 (Imag) ANOVA with the composite intensity score as dependent variable was 
used. The main effects were examined to assess the individual effects of verbal 
suggestion and imagery on physical sensitivity. The interaction effect was examined to 
explore whether the combination of both expectation inductions was more effective 
than either expectation induction alone. The same analyses were performed for a 
composite unpleasantness score. Additionally, in order to enhance the comprehension 
of the results for the composite scores, ANOVAs were performed to investigate the 
effects of the expectation inductions on the NRS scores for pain, itch, and fatigue 
separately. Post hoc sensitivity analyses were performed to assess the possible influence 
of the method of missing data handling, order effects, and including baseline pain, itch, 
and fatigue levels on the primary analyses.  

Secondary, the effects of the expectation inductions on heart rate and skin 
conductance were explored with 2 (VS) x 2 (Imag) ANCOVAs, with as dependent 
variables mean heart rate and mean log transformed skin conductance during the pain, 
itch, and fatigue tests, and with as covariates the baseline scores for the respective 
physiological measure. Since heart rate was tailored during the fatigue test, heart rate 
during this test was not included as dependent variable. Exploratively, Pearson 
correlations between the NRS intensity scores for pain, itch, and fatigue and mean HR 
and SC during the corresponding tests were calculated. The effects of the expectation 
inductions on the psychological variables were explored with 2 (VS) x 2 (Imag) ANCOVAs, 
with PANAS-PA, STAI-S, and LOT-R as dependent variables and the baseline scores of the 
respective measures as covariates. The possible moderating influence of psychological 
characteristics (e.g., neuroticism, imagery ability) on the effects of the expectation 
inductions on physical sensitivity was explored via separate regression analyses for each 
psychological characteristic. Predictors in each analysis were the interactions of the 
psychological characteristic with the expectation inductions, after having controlled for 
the separate contribution of the psychological characteristic and expectation inductions. 
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Results 

Manipulation checks  
Participants expected the capsule to be more effective after the positive verbal 

suggestion than after the control verbal suggestion, as indicated by a univariate ANOVA 
(M = 6.4, SD = 1.9 and M = 2.8, SD = 1.7, respectively, F(1, 114) = 119.66, p < 0.001, ηp

2 
= 0.51). Participants reported more positive and less negative general expectations on 
the FEX after positive imagery than after control imagery, as indicated by univariate 
ANCOVAs (positive expectations: M = 56.3, SD = 5.7 and M = 54.8, SD = 6.2, respectively, 
F(1, 113) = 5.88, p = .02, ηp

2 = 0.05; negative expectations: M = 26.7, SD = 7.8 and M = 
30.1, SD = 9.0, respectively, F(1, 113) = 5.91, p = .02, ηp

2 = 0.05). The positive image of a 
best possible health was rated as more positive than the control image of a typical day, 
as indicated by a Mann-Whitney test (M = 8.8, SD = 1.2 and M = 7.6, SD = 1.7, 
respectively, U = 978.00, z = -3.89, p < .001, r = -.37). Participants could concentrate 
equally well on the different images (M = 6.8, SD = 1.5 and M = 7.2, SD = 1.6, respectively, 
F(1, 114) = 2.28, p = .13, ηp

2 = 0.02), but they could visualize the positive image less well 
than the control image (M = 6.8, SD = 1.7 and M = 7.9, SD = 1.5, respectively, F(1, 114) = 
12.60, p = .001, ηp

2 = 0.10).  
 

Primary outcome: Physical sensitivity 
Intensity scores. Figure 4.1 and Table 4.1 display the NRS intensity scores for pain, 

itch, and fatigue during the respective tests. The composite intensity score (i.e., the 
standardized sum score of mean pain, itch, and fatigue intensity during the respective 
tests indicating physical sensitivity) was not affected by verbal suggestion, imagery, or 
the combination of both, as indicated by a 2 x 2 ANOVA (F(1, 112) = 0.03, p = .87, ηp

2 < 
0.01; F(1, 112) = 0.49, p = .49, ηp

2 < 0.01; F(1, 112) = 1.94, p = .17, ηp
2 = 0.02, respectively). 

Age was the only variable that differed significantly between the conditions and that 
was associated with the composite intensity score, but including age as a covariate did 
not affect the results.  

Exploratory ANOVAs for the separate physical sensitivity tests, conducted to 
enhance the comprehension of the results for the composite intensity score, indicated 
that verbal suggestion and imagery did not affect pain, itch, or fatigue (all p > .05). There 
was an interaction effect on itch (F(1, 112) = 4.57, p = .04, ηp

2 = 0.04), participants in the 
Combination condition reported less itch than participants in the Verbal suggestion 
condition (F(1, 56) = 5.71, p = .02, ηp

2 = 0.09), but there were no interaction effects on 
pain and fatigue (all p > .05).  
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Figure 4.1. Means and standard deviations of NRS intensity scores for pain, itch, and fatigue during 
the respective tests 

Note. VS = Verbal suggestion condition; Imag = Imagery condition; Combi = Combination condition; Contr = 
Control condition. Error bars represent standard deviations. 
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Table 4.1. Means and standard deviations of NRS intensity and unpleasantness scores of pain, 
itch, and fatigue during the respective tests 

Condition 
 
Sensation 

 Verbal 
suggestion 

 Imagery  Combination  Control 

 (n = 30)  (n = 29)  (n = 28)  (n = 29) 
         
Pain intensity  4.1 ± 1.9  4.9 ± 2.4  5.0 ± 2.2  4.3 ± 2.4 
Itch intensity   4.1 ± 1.8  3.6 ± 2.3  3.0 ± 1.4  3.1 ± 1.8 
Fatigue intensity  5.8 ± 2.1  6.1 ± 2.6  5.4 ± 1.9  5.2 ± 2.1 
         
Pain unpleasantness  4.6 ± 2.3  5.3 ± 2.8  5.7 ± 2.4  4.8 ± 2.7 
Itch unpleasantness  3.3 ± 2.0  3.2 ± 2.5  2.8 ± 1.7  2.6 ± 1.7 
Fatigue unpleasantness  4.1 ± 2.5  3.9 ± 3.1  3.6 ± 2.3  3.8 ± 2.5 

 
 
Post hoc sensitivity analyses indicated that other methods of handling missing data 

(i.e., not replacing the values, excluding all data from participants with missing values, 
or replacing missing values with the last observation heightened with the group 
difference between the missing and preceding value) yielded comparable results. 
Further post hoc sensitivity analyses provided no evidence of order or time effects: 1) 
frequency analyses showed that the majority of participants reported no or hardly any 
remaining or spontaneous pain, itch, or fatigue prior to a subsequent test (≥ 95% NRS 
scores ≤ 2); 2) univariate repeated measures ANOVAs indicated that pain, itch, and 
fatigue intensities prior to each test did not significantly differ from or where lower than 
baseline levels; 3) separate 2 x 2 ANOVAs regarding pain, itch, or fatigue during only the 
first, second, or third test yielded the same conclusions as the primary analyses; and 4) 
including the order of the physical sensitivity tests as a covariate did not affect the 
results. Furthermore, post hoc sensitivity analyses showed that including baseline pain, 
itch, and fatigue levels as covariates did also not affect the results. 

To determine whether the null results should be interpreted as evidence for the 
absence of an effect of the expectation inductions, we reanalyzed our data within a 
Bayesian framework [68, 69]. We calculated the Bayes factor (BFA0) using the JASP 
software package, in which default priors are used (the null hypothesis is compared to 
the alternative hypothesis that the effects may occur in either direction) [70-72]. A BFA0 
smaller than 0.33 is commonly considered to indicate substantial evidence for the null 
hypothesis, a BFA0 larger than 3 is considered to indicate evidence for the alternative 
hypothesis, whereas a Bayes factor between 0.33 and 3 indicates merely anecdotal or 
inconclusive evidence for either hypothesis [68,69]. The Bayes factors for the effects of 
verbal suggestion and imagery on physical sensitivity (BFA0 = 0.20 and BFA0 = 0.24, 
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respectively) indicated that there was substantial evidence for the absence of an effect 
of the expectation inductions on physical sensitivity. 

Unpleasantness scores. Table 4.1 displays the NRS unpleasantness scores for pain, 
itch, and fatigue during the respective tests. The composite unpleasantness score (i.e., 
the standardized sum score of mean pain, itch, and fatigue unpleasantness during the 
respective tests) was also not affected by verbal suggestion, imagery, or the 
combination of both, as indicated by a 2 x 2 ANOVA (F(1, 112) = 0.10, p = .75, ηp

2 < 0.01; 
F(1, 112) = 0.47, p = .50, ηp

2 < 0.01; F(1, 112) = 0.49, p = .49, ηp
2 < 0.01, respectively). 

Exploratory ANOVAs for the separate physical sensitivity tests indicated that verbal 
suggestion, imagery, or the combination of both did not affect pain, itch, or fatigue 
unpleasantness (all p > .05). 

Secondary outcome: Physiological responses 
Table 4.2 displays heart rate and skin conductance at baseline and during the pain, 

itch, and fatigue tests. Heart rate during the pain and itch tests was not affected by 
verbal suggestion, imagery, or the combination of both, as indicated by 2 x 2 ANCOVAs 
(all p > .05). The results were similar after exclusion of the data of three participants with 
irregular heartbeats (detected during visual inspection of the ECG signals). Skin 
conductance during the pain, itch, and fatigue tests was also not affected by verbal 
suggestion, imagery, or the combination, as indicated by 2 x 2 ANCOVAs (all p > .05). The 

Table 4.2. Means and standard deviations of heart rate and skin conductance at baseline and 
during the pain, itch, and fatigue tests 

Condition 

Sensation 

Verbal 
suggestion 

Imagery Combination Control 

(n = 30) (n = 29) (n = 28) (n = 29) 

Heart rate a,b 
Baseline  70.5 ± 10.6 67.5 ± 9.6 67.2 ± 9.2 67.8 ± 9.1 
Pain test 72.5 ± 10.8 71.9 ± 11.5 69.6 ± 11.2 72.6 ± 11.7 
Itch test  68.6 ± 10.1 67.1 ± 11.3 65.6 ± 9.8 68.6 ± 11.5 

Skin conductance 
Baseline  1.9 ± 1.8 2.0 ± 2.1 2.0 ± 1.3 2.9 ± 3.2 
Pain test 5.6 ± 3.6 5.7 ± 3.2 6.0 ± 2.9 7.3 ± 6.0 
Itch test  5.4 ± 3.3 5.1 ± 2.9 5.6 ± 2.7 7.2 ± 5.4 
Fatigue test 6.2 ± 3.3 5.6 ± 2.6 c 6.2 ± 2.0 7.8 ± 5.6 

Note. a Heart rate during the fatigue test is not reported here because it was tailored during this test; b Full 
heart rate data missing for 1 participant due to technical problems (Imagery condition); c Skin conductance 
data fatigue test missing for 1 participant due to technical problems (Imagery condition). 
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results were similar after the exclusion of the data of one participant who had a very 
high skin conductance (z > 3.29). Non-significant Pearson correlation coefficients were 
found between the NRS intensity scores for pain, itch, and fatigue during the respective 
tests and concurrent heart rate and skin conductance (all p > .05). 

 
Secondary outcome: Psychological characteristics 

Positive affect (PANAS PA) and optimism (LOT-R) were not influenced by verbal 
suggestion, imagery, or their combination, as indicated by 2 x 2 ANCOVAs (all p > .05). 
Participants only reported less anxiety (STAI-S) after control imagery than after positive 
imagery (M = 25.7, SD = 5.5 and M = 27.0, SD = 6.7, respectively, F(1, 111) = 4.38, p = 
.04, ηp

2 = 0.04), but anxiety was not influenced by verbal suggestion or the combination 
(all p > .05). 

None of the psychological characteristics (e.g., neuroticism, imagery ability) 
moderated the effects of the expectation inductions on physical sensitivity, as indicated 
by non-significant beta-coefficients for all interactions of the psychological 
characteristics with verbal suggestion, imagery, or verbal suggestion x imagery (all p > 
.05). 

 
 

Discussion 

The current study investigated, for the first time, the individual and combined 
effects of positive verbal suggestion and imagery on physical sensitivity, as indicated by 
sensitivity to pain, itch, and fatigue. Although both positive verbal suggestion and 
imagery induced positive expectations, these expectation inductions did not affect 
physical sensitivity (neither pain, nor itch, nor fatigue), or concurrently measured heart 
rate and skin conductance.  

The finding that the verbal suggestion of reduced physical sensitivity due to a 
(placebo) capsule did not affect physical sensitivity is in contrast with a substantial body 
of research that showed that verbal suggestion of the effects of a placebo treatment can 
effectively reduce pain [27,52,166,262,299]. Other research has also provided preliminary 
indications that verbal suggestion can reduce itch and fatigue [20,47,79,295]. However, 
there are several other studies that could also not confirm the effects of verbal 
suggestion on pain [248] and fatigue [229]. An important distinction between the current 
study and previous research is that in our study the verbal suggestion addressed physical 
sensitivity, encompassing multiple sensations simultaneously, whereas in the majority 
of other studies verbal suggestion addressed just one sensation. The current findings 
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might thus indicate that generic suggestions are less effective than specific suggestions, 
although this needs further research. Another important difference concerns the 
distinction between the experimental and control conditions. Generally, the suggestion 
that a drug is potent is contrasted with the suggestion that a drug is ineffective 
[52,79,166,229,248,262] or with no treatment [190], whereas we used a more subtle 
comparison, between effectiveness in the majority or minority of users. Even though 
participants expected the capsule to be more effective after positive verbal suggestion 
than after control verbal suggestion, with a large effect size, indicating that the verbal 
suggestions were distinguishable, these instructions did not affect sensitivity to physical 
sensations. However, a similar verbal suggestion regarding the relief of pain or itch for 
the majority of participants was effective in an earlier study by our group [295]. Thus, 
especially the specificity of suggestions might be an important predictor of their 
effectiveness. In future research, this can be further assessed by comparing, for 
example, instructions addressing physical sensitivity with instructions addressing a 
single sensation, either alone or in combination with another procedure. 

Positive imagery generated more positive and less negative general expectations 
than control imagery of a typical day, with a small to moderate effect size, but it did not 
affect physical sensitivity. The original, more general, best possible self (BPS) imagery, 
however, has previously been found to reduce pain sensitivity and medical care 
utilization [119,157], although a more recent study using BPS imagery could not replicate 
the effects on pain [40]. Our adjustment of BPS imagery to enhance specificity and 
applicability to physical health might have resulted in imagery that was too abstract for 
participants, possibly because health is often conceptualized in negative terms (e.g., 
absence of symptoms). Indeed, the participants indicated that they could visualize their 
best possible health less well than a typical day. Additionally, we found that imagery of 
health did not increase positive affect, in contrast to BPS imagery [40,157,202,224], possibly 
because health is generally only considered when one does not feel healthy and health 
consequently has a somewhat negative, rather than just a positive, connotation. More 
specific and concrete images of a desired and positively valued outcome, e.g., imagining 
diminished pain when a painful hand is bathed in analgesic fluid, might be more effective 
[53,174]. In addition, it is important to note that participants were not told of the intended 
effects of the imagery exercise and thus might not have recognized the imagery exercise 
as an intervention. Although this design allowed us to assess the effects of imagery per 
se, combining imagery with information about the purpose of imagery (i.e., verbal 
suggestions) might be essential to its effectiveness. Indeed, neither psychological nor 
medical treatments are commonly provided without a treatment rationale.  
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The effectiveness of the combination of positive verbal suggestion and imagery 
was also explored in the present study. Such a combination is also found in hypnosis 
[108], which has been found to be able to reduce pain [76,207]. In addition, the 
combination of verbal suggestion with a more implicit learning procedure, conditioning, 
has often been found to have larger effects on physical sensitivity than either 
expectation induction alone [20,166,197]. Our negative finding might partially be 
explained by the degree of integration of the two expectation inductions; since we were 
also interested in their separate effects, the capsule and imagery exercise were 
presented as two different interventions in the current study. This procedure might have 
been insufficient to generate an additive effect and might even have reduced or 
counteracted the effects of each individual method. A more effective integration might 
be achieved by imagery of a suggested treatment outcome or by providing suggestions 
about the effectiveness of imagery itself.  

Lastly, it is important to note a few limitations of this study. First, the assessment 
of the sensitivity to induced pain, itch, and fatigue in one study allowed us to assess the 
generic effects of expectation inductions on physical sensitivity, but it might have caused 
order or time effects. For example, it is known that pain can inhibit itch, that analgesia 
can induce itch [211,279,319], and that physical exercise can reduce pain [78,130]. However, 
such interactions are not likely to have affected the results because the physical 
sensitivity tests were presented in random order with standardized 14-minute intervals 
between tests [292,293,296]. Additionally, to prevent time effects, participants were 
reminded about the expectation inductions before each test. Sensitivity analyses 
provided no evidence of order or time effects: 1) participants’ pain, itch, and fatigue 
were adequately diminished after the between tests intervals, 2) participants reported 
equally low or lower pain, itch, and fatigue prior to each of the tests as compared to 
baseline pain, itch, and fatigue levels, 3) analyses of pain, itch, or fatigue during only the 
first, second, or third test, yielded the same conclusions as the primary analyses, and 4) 
statistically controlling for order did not yield differential results for the primary 
analyses. Second, since we used a sample consisting of healthy participants who were 
relative young and mostly female, the generalizability of our findings to patients is 
limited. Third, due to the use of different measures to assess expectations, specifically a 
numerical rating scale for verbal suggestion and the questionnaire for Future 
Expectations for imagery, the effects of verbal suggestion and imagery on expectations 
cannot be directly compared. In future research comparable measures of expectations 
that are closely related to the contents of the intervention are recommended. Fourth, 
the possible moderating role of the psychological characteristics (e.g., neuroticism, 
imagery ability) could only be explored [85]. Future research with larger sample sizes is 
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required to further investigate which psychological characteristics predict the 
effectiveness of expectation inductions.  

In conclusion, the results provide more insight into the essential characteristics of 
different expectation inductions for reducing physical sensitivity, such as sensitivity to 
pain, itch, and fatigue, although the limitations should be kept in mind. Our finding that 
relatively general verbal suggestions and imagery did not affect physical sensitivity, to 
neither pain, nor itch, nor fatigue, in contrast to previous research, suggests that the 
level of specificity and concreteness of expectation inductions might be crucial for the 
applicability of expectation inductions to the treatment of physical symptoms.  
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Abstract 

Background: Placebo effects on pain are reliably observed in the literature. A core 
mechanism of these effects is response expectancies. Response expectancies can be 
formed by instructions, prior experiences, and observation of others. Whether mental 
imagery of a response can also induce placebo-like expectancy effects on pain has not 
yet been studied systematically.  

Methods: In Study 1, 80 healthy participants were randomly allocated to 1) 
response imagery or 2) control imagery. In Study 2, 135 healthy participants were 
randomly allocated to 1) response imagery with a verbal suggestion regarding its 
effectiveness, 2) response imagery only, or 3) no intervention. In both studies, expected 
and experienced pain during cold pressor tests were measured pre- and post-
intervention, along with psychological and physiological measures.  

Results: Participants rated pain as less intense after response imagery than after 
control imagery in Study 1 (p = .044, ηp

2 = .054) and as less intense after response 
imagery (with or without verbal suggestion) than after no imagery in Study 2 (p < .001, 
ηp

2 = .154). Adding a verbal suggestion did not affect pain (p = .068, ηp
2 = .038). The 

effects of response imagery on experienced pain were mediated by expected pain.  
Conclusions: Thus, in line with research on placebo effects, the current findings 

indicate that response imagery can induce analgesia, via its effects on response 
expectancies.  
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Introduction 

Placebo effects demonstrate the importance of expectancies in pain treatment. A 
rapidly accumulating body of research on the mechanisms of placebo effects indicates 
that merely expecting that a treatment will provide relief (i.e., response expectancies) 
can cause pain relief, regardless of the presence of active treatment ingredients 
[24,159,221]. The formation of response expectancies is generally understood to occur by 
instructions (including verbal suggestion), personal experiences (including conditioning 
processes), and observation of others (i.e., observational learning) [59,159]. Placebo-like 
expectancy effects (i.e., expectancy effects without administration of a placebo [24]) on 
pain can possibly also be induced via mental imagery, or simulation, of reduced pain. 
Mental imagery plays a crucial role in thinking about the past, present, and future, and 
patients with chronic pain commonly experience spontaneous pain-related mental 
images [34,201]. Importantly, imagery of sensations largely draws on the same 
physiological processes as the actual experience of these sensations [86,171,201], 
suggesting that imagery might have effects comparable to actual experiences. Evidence 
for the effects of imagery on expectations comes from research in which participants 
who were instructed to imagine an event gave a higher estimate of the likelihood of that 
event happening [48,109]. Furthermore, instructed imagery of a best possible future self 
or health can affect general expectations of future events [119,220,224]. Imagery exercises 
that include images of pain relief have frequently been studied and applied in both 
experimental and clinical settings and have been found to provide pain relief 
[22,74,86,174,221]. However, effects on pain are not unfailingly observed [66,115,142,313]. 
Moreover, inferences about the working mechanisms are limited due to the designs 
employed, e.g., imagery during pain, diverse and multifaceted imagery content, 
combination with verbal suggestion regarding intended effect, and lack of expectancy 
measures. Thus, although the literature suggests that response imagery of reduced pain 
may induce placebo-like expectancy effects on pain, systematic research is lacking.  

We aimed to assess whether imagery of reduced pain (i.e., response imagery) 
could induce analgesia. In Study 1, response imagery was compared to control imagery. 
In Study 2, response imagery was compared to no intervention, and the effects of adding 
a verbal suggestion regarding the effectiveness of imagery were assessed. Cold pressor 
tests were used to assess pain pre- and post-intervention. Our primary hypothesis was 
that participants would experience less pain after response imagery than after control 
imagery or no intervention. Secondary, we hypothesized that a verbal suggestion would 
enhance these effects. Furthermore, we explored whether the effects would be 
mediated by expected pain. We also explored the possible moderating role of 
psychological characteristics, evaluations of the imagery intervention, and effects on 
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psychological and physiological responses, based on previous literature suggesting that 
these factors may also be involved [e.g., 91,100,256]. 

 
 

Study 1 - Methods 

The primary aim of Study 1 was to assess the effects of response imagery on pain, 
as compared to control imagery. 

 
Participants 

In Study 1, 80 healthy adults participated (power analysis based on previous 
research [22,74,174]). Inclusion criteria were age between 18 and 30 years, and fluency in 
the Dutch language. See Supplementary Section 5.1 for specific health-related exclusion 
criteria.  

 
Procedure 

The study protocol was approved by the institute’s ethics committee (Commissie 
Ethiek Psychologie). Testing took place from March to May 2014 at Leiden University, 
Leiden, the Netherlands. Participants were recruited via advertisements at and around 
the university. Potential participants were informed about the evocation of pain with a 
cold pressor test (CPT) and the use of cognitive tasks. Potential participants filled out 
screening, demographic, and psychological characteristics (optimism, neuroticism) 
questionnaires (online via Qualtrics, Provo, UT, US; approx. 10 min). Eligible participants 
were invited to the laboratory and asked to refrain from using medication, alcohol, or 
other drugs in the 24 hours prior to the test session, to awaken at least one hour before 
the test session, and not to smoke or consume caffeine-containing drinks or a meal in 
the hour preceding the session. Testing was done by two experimenters to enable 
blinding of the outcome assessor. At the beginning of the test session, experimenter A 
obtained written informed consent from all participants. Subsequently, experimenter A 
obtained the following pre-intervention measures consecutively: baseline and expected 
pain, psychological questionnaires (affect, state anxiety, general expectations), 
physiological measures (5-min resting for heart rate and skin conductance; saliva sample 
for cortisol and alpha-amylase), and experienced pain, heart rate, and skin conductance 
during the first CPT. Experimenter B then supervised the performance of undemanding 
filler tasks (e.g., Sudoku puzzles) and obtained two saliva samples (10 and 20 min after 
CPT). Next, experimenter B introduced the imagery exercise matching the condition to 
which participants had been randomly allocated (Response imagery condition or Control 
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imagery condition). For details about the randomization and blinding procedure, see 
Supplementary Section 5.2. Post-intervention, experimenter A obtained the following 
measures consecutively: expected pain, experienced pain, heart rate, and skin 
conductance during the second CPT, psychological questionnaires (affect, state-anxiety, 
general expectations), questions regarding imagery evaluation, and saliva samples (10 
and 20 min after CPT). The test session was concluded with an oral debriefing. See 
Supplementary Figure 5.1 for a flow diagram. The total duration of the test session was 
1.5 hours. All participants completed the study.  

Intervention 
Participants in the Response imagery (Imag) condition were guided in imagining 

reduced pain during the imagery exercise that took place prior to the second CPT. They 
were instructed to vividly imagine that they would experience no or hardly any pain 
when they would hold their dominant hand in the cold water during the second CPT. 
They were instructed to do so by imagining that they were wearing a glove, which was 
described as warm and impermeable to water, and as protecting against the pain one 
could experience from the cold water. To control for the effects of the content of 
imagery, participants in the Control imagery (Contr) condition merely imagined their 
hand, without any reference to pain or the cold water. They were instructed to vividly 
imagine their dominant hand by, for example, closely observing the fingers and palm of 
the hand and attending to the feeling of moving the hand. In both conditions, the 
imagery exercise was briefly introduced by the experimenter. Subsequently, audio-
recordings of the detailed instructions were presented via a headphone, using E-prime 
2.0 software (Psychology Software Tools, Inc., Sharpsburg, PA, USA). Participants in both 
conditions first wrote about their image (3 min), after which they mentally imagined it 
as vividly as possible (3 min), as in previous studies [119,224]. The total duration of the 
imagery exercise was approximately 12 minutes in both conditions. Participants did not 
receive instructions regarding imagery during the CPT. 

Imagery evaluation 
Participants rated how well they could visualize and concentrate on the image on 

a visual analogue scale (VAS) ranging from 0 (not at all) to 100 (very well). Participants 
rated the valence of their image on a VAS ranging from 0 (very negative) to 100 (very 
positive), and how much they thought about the image during the post-intervention CPT 
on a VAS ranging from 0 (not at all) to 100 (very much). 
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Cold pressor test 
Pain was evoked with a cold pressor test (CPT) [220]. A Styrofoam tank was filled 

with noncirculating cold water of which the temperature was regulated and assessed 
directly prior to commencing the test (3.9 ± 0.1 °C). Participants immersed their 
dominant hand up to the wrist in the water and were instructed to hold their hand still 
and refrain from making a fist or touching the walls of the tank. Participants were 
unaware of the test duration and were instructed to keep their hand in the water until 
the experimenter gave a signal (after 1 minute). During immersion, participants rated 
pain intensity every 15 seconds. The mean pain rating was used for analyses. 

 
Expected and experienced pain  

Participants verbally rated expected and experienced pain intensity on a numerical 
rating scale ranging from 0.0 (no pain at all) to 10.0 (worst pain ever experienced).  

 
Psychological characteristics 

The revised Life Orientation Test (LOT-R) and the neuroticism scale of the revised 
short version of the Eysenck Personality Questionnaire (EPQ-RSS) were used to measure 
optimism and neuroticism, respectively. For details of the questionnaires see Appendix 
S5.3. 

 
Psychological responses 

A short version of the Positive and Negative Affect Schedule (PANAS-PA and 
PANAS-NA), a short version of the State-Trait Anxiety Inventory (STAI-S), and the 
questionnaire for Future Expectations (FEX) were used to measure positive and negative 
affect, state anxiety, and positive and negative general expectations for future events, 
respectively. The negative affect data (PANAS-NA) were not analyzed due to floor effects 
and low internal consistency. For details of the questionnaires see Appendix S5.3. 

 
Physiological responses 

Heart rate (HR) and skin conductance (SC) were measured continuously using a 
MP150 system and AcqKnowledge software, version 4.3.1 (BIOPAC Systems Inc., Goleta, 
CA, USA) according to standard procedures. Saliva samples were collected with cotton 
swabs (Salivette, Sarstedt, Nümbrecht, Germany) for assessments of cortisol and alpha-
amylase. The samples were processed according to standard procedures. For more 
details see Appendix S5.4.  
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Statistical analyses 
All data were analyzed using IBM SPSS Statistics version 21 (IBM Corporation, 

Armonk, NY, USA), with a two-tailed significance level of α = .05. Descriptives are 
reported as means and standard deviations (M ± SD). The effects of response imagery 
on post-intervention experienced pain (primary outcome), expected pain, positive 
affect, state anxiety, general expectations, heart rate, skin conductance, cortisol, and 
alpha-amylase were analyzed with separate univariate analyses of covariance 
(ANCOVAs; determined a priori) [289]. Imagery was the independent variable (Imag vs. 
Contr condition), the post-intervention measures were dependent variables, and the 
corresponding pre-intervention measures and stratification variables (sex and time of 
day) were covariates. The possible mediating role of expected pain in the effect of 
response imagery on experienced pain was explored using an ordinary least squares 
regression approach. To determine mediation, bias-corrected 95% confidence intervals 
were calculated for the indirect effect using 1000 bootstrapping samples via the Process 
SPSS macro [126]. Mediation was confirmed if the confidence interval did not include 
zero [126]. The pre-intervention measures, and stratification variables were included as 
covariates in the mediation model. The possible moderating influence of trait optimism 
and neuroticism on the effects of imagery on experienced pain was explored via 
separate multiple regression analyses. Moderation was confirmed if the interaction of 
the psychological characteristic in question with the imagery conditions was significant 
in the regression model in which the psychological characteristic, imagery conditions, 
pre-intervention experienced pain, stratification variables, and the interaction were 
simultaneously entered as predictors of post-intervention experienced pain. Imagery 
evaluations were compared between conditions with separate univariate ANCOVAs, 
with the stratification variables as covariates. Means and standard deviations for all 
measures are reported in Supplementary Table 5.1. 

Additional post hoc correlation analyses (associations of post-intervention 
experienced pain with post-intervention imagery evaluation, psychological responses, 
and physiological responses) and sensitivity analyses (in case of violation of the 
assumptions of statistical tests and doubts about inclusion) are described in 
Supplementary Section 5.5 and reported in Supplementary Section 5.6. In 
Supplementary Section 5.5 also detailed information on missing data is reported. 
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Study 1 - Results 

Participants 
Thirty-nine participants were allocated to the Imag condition (age 20.8 ± 2.4, 67% 

women) and 41 to the Contr condition (age 21.1 ± 2.0, 66% women). Participants in both 
conditions reported low baseline pain (0.1 ± 0.2 and 0.1 ± 0.4, respectively). There were 
no significant differences between the conditions in age, sex, and baseline pain. 

 
Effects on experienced pain 

In line with the primary hypothesis, mean ratings of experienced pain during the 
post-intervention CPT (see Figure 5.1) were significantly lower after response imagery 
than after control imagery (F(1, 74) = 4.192, p = .044, ηp

2 = .054).  
 
 
 
 
 

Figure 5.1. Means and standard errors of experienced pain intensity ratings for the pre- and post-
intervention cold pressor tests per condition in Study 1 

Note. * p < .05; ** p < .01; *** p < .001.  
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Mediation by expectancy 
Expected pain ratings were significantly lower after response imagery than after 

control imagery (F(1, 75) = 4.030, p = .048, ηp
2 = .051). Moreover, the effect of response 

imagery on experienced pain was mediated by expected pain (b = -0.417, 95% CI [-0.685; 
-0.203]). See Figure 5.2 for the coefficients of all paths in the mediation model.

Figure 5.2. Mediation of effect of response imagery on experienced pain by expected pain, Study 
1 

Note. * p < .05; ** p < .01; *** p < .001.  

Moderation by psychological characteristics 
The effect of imagery on experienced pain was not significantly moderated by 

optimism or neuroticism, as indicated by non-significant interactions of the imagery 
conditions with the LOT-R (β = 0.131, t = 0.815, p = .418) and EPQ-RSS scores (β = 0.046, 
t = 0.280, p = .780). 

Imagery evaluation 
There were no significant differences between the response imagery and control 

condition in how participants rated the quality of the visualization (F(1, 75) = 0.369, p = 
.546, ηp

2 = .005) or their concentration on the image (F(1, 75) = 0.655, p = .421, ηp
2 = 

.009). Participants in the Imag condition rated the image as significantly more positive 
(F(1, 75) = 5.542, p = .021, ηp

2 = .069) and thought more about the image during the 
post-intervention CPT (F(1, 75) = 42.157, p < .001, ηp

2 = .360) than participants in the 
Contr condition. 
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Effects on psychological responses 
There were no significant effects of response imagery on positive affect (PANAS-

PA; F(1, 75) = 0.637, p = .427, ηp
2 = .008), state anxiety (STAI-S; F(1, 75) = 0.009, p = .924, 

ηp
2 < .001), general positive expectations (FEXpos; F(1, 75) = 3.718, p = .058, ηp

2 = .047), 
or general negative expectations (FEXneg; F(1, 75) = 3.297, p = .073, ηp

2 = .042). 
 

Effects on physiological responses 
There was no significant effect of response imagery on heart rate during the post-

intervention CPT (F(1, 73) = 1.461, p = .231, ηp
2 = .020). Excluding the data of one 

participant who had a very irregular heart rate did not significantly affect the results 
(F(1, 72) = 1.368, p = .246, ηp

2 = .019). There were also no significant effects of response 
imagery on skin conductance during the post-intervention CPT (F(1, 74) = 0.005, p = .943, 
ηp

2 < .001), cortisol and alpha-amylase 10 minutes after the post-intervention CPT (F(1, 
74) = 0.131, p = .718, ηp

2 = .002 and F(1, 73) = 0.069, p = .794, ηp
2 = .001, respectively), 

or cortisol and alpha-amylase 20 minutes after the post-intervention CPT (F(1, 75) = 
1.936, p = .168, ηp

2 = .025 and F(1, 74) = 2.026, p = .159, ηp
2 = .027, respectively). 

 
 

Study 2 - Methods 

The aim of Study 2 was to replicate and extend the findings of Study 1. We again 
assessed the effect of response imagery on pain, but in this study we used a different 
control condition. While participants in the control condition of Study 1 imagined their 
hand, to assess the influence of the specific contents of imagery rather than the process 
of imagery, participants in the control condition of Study 2 did nothing, to assess the 
effects of the mere passage of time (natural history), and to thereby allow for a 
comparison that is more representative of clinical practice. An additional reason for 
using a different control condition in Study 2, was that we were concerned that the 
image used in the control condition of Study 1 might also affect pain; merely imagining 
one’s hand, which was previously immersed in the cold water, might reduce pain via 
mindfulness-like processes [243], or might alternatively increase pain by enhancing 
awareness of the pain [19]. Secondary, we aimed to assess whether the effects of 
response imagery on pain could be enhanced by adding a verbal suggestion. We 
therefore added a third condition, in which the response imagery exercise was preceded 
by a verbal suggestion of its effectiveness. We did not assess salivary cortisol and alpha-
amylase in Study 2, since these measures were not sensitive to the intervention in Study 
1.  
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Participants 
In Study 2, 135 healthy adults participated (power analysis based on Study 1 and 

previous research [22,74,174]). Inclusion and exclusion criteria were the same as in Study 
1, except that current use of all types of medication was now an exclusion criterion. In 
addition, people could not participate in Study 2 if they had participated in Study 1.  

Procedure 
Following approval by the institute’s ethics committee, testing took place from 

October 2014 to February 2015 at Leiden University, Leiden, the Netherlands. The 
general procedure was the same as in Study 1, with the exception of the specific 
intervention given, the omission of salivary cortisol and alpha-amylase assessments (and 
consequently omission of instructions regarding waking time and eating prior to 
participation), and the addition of the following measures: a pain catastrophizing 
questionnaire was administered with the pre test-session questionnaires; an extra 
assessment of expected pain was done after the pre-intervention CPT to obtain a pre-
intervention expectancy score that was informed by the actual pain induced by a CPT; 
and pain anxiety was assessed directly following each expected pain assessment. See 
Supplementary Figure 5.2 for a flow diagram. 

Intervention 
As in Study 1, participants in the Response imagery (Imag) condition imagined 

reduced pain by using the image of a glove during the imagery exercise that took place 
prior to the second CPT. The imagery instructions were largely the same, but the 
phrasing of the instructions was slightly improved (e.g., ‘Imagine that you can fully relax 
your hand and that you feel hardly or no pain…’ in Study 1 vs. ‘Imagine that you feel 
hardly or no pain [...]. You will be able to fully relax your hand’ in Study 2). Participants 
first wrote about their image (3 min), after which they imagined it as vividly as possible 
(2 min). Participants in the Response imagery with verbal suggestion (Imag+VS) 
condition did the same response imagery exercise, but this was preceded by a verbal 
suggestion that described the effectiveness of the exercise, by stating, among other 
things, ‘we know from previous scientific research that this imagery exercise is effective’ 
and ‘almost everyone experiences much less pain due to this exercise’. Participants in 
the No treatment control (NT Contr) condition waited, while reading a magazine, for the 
same duration as the imagery exercise (~12 min).  
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Measures 
In addition to the measures used in Study 1, two additional measures were used. 

The pain catastrophizing scale (PCS) was used to measure pain catastrophizing. A 
numerical rating scale (0.0–10.0) was used to assess pain anxiety, but the data were not 
analyzed due to floor effects. For details of the questionnaires, see Supplementary 
Section 5.3. 

 
Statistical analyses 

The same procedures and analyses were used as in Study 1 to assess the effects of 
response imagery and of adding a verbal suggestion on pain (primary and secondary 
analyses, respectively), and to explore the possible mediation by expected pain, the 
possible moderating role of psychological characteristics, differences in imagery 
evaluation, and the effects on the other self-reported and physiological measures. To 
assess the effects of response imagery, the Imag condition and the Imag+VS condition 
were taken together and compared to the NT Contr condition in all analyses. We 
determined to pool the imagery conditions a priori, to maximize power and readability. 
However, for the primary outcome, we also reported post hoc comparisons of the 
individual imagery conditions with the control condition for completeness. To assess the 
effects of adding a verbal suggestion to the response imagery exercise, the Imag 
condition and the Imag+VS condition were compared with each other in all analyses. 
Means and standard deviations for all measures are reported in Supplementary Table 
5.2. 

As in Study 1, additional post hoc correlation analyses and sensitivity analyses are 
described in Supplementary Section 5.5 and reported in Supplementary Section 5.6. In 
Supplementary Section 5.6 also detailed information on missing data is reported. 

 
 

Study 2 - Results  

Participants 
Forty-seven participants were allocated to the Imag+VS condition (age 21.8 ± 2.7, 

85% women), 45 to the Imag condition (age 20.6 ± 1.8, 82% women), and 43 to the NT 
Contr condition (age 21.1 ± 2.9, 81% women). Participants in all conditions reported low 
baseline pain (0.0 ± 0.2; 0.1 ± 0.3; 0.1 ± 0.3, respectively). There were no significant 
differences between the conditions in age, sex, and baseline pain, except for significantly 
older age in the Imag+VS condition than in the Imag condition (F(1, 89) = 7.254, p = .008, 
ηp

2 = .075). 
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Effects on experienced pain 
In line with the primary hypothesis, mean ratings of experienced pain during the 

post-intervention CPT (see Figure 5.3) were significantly lower after response imagery 
(regardless of verbal suggestion) than after no intervention (F(1, 130) = 23.613, p < .001, 
ηp

2 = .154). Further post hoc comparisons of the individual imagery conditions with the 
control condition, showed this difference both when a verbal suggestion was added to 
response imagery (F(1, 86) = 24.896, p < .001, ηp

2 = .225) and when response imagery 
was given alone (F(1, 83) = 12.420, p = .001, ηp

2 = .130). In contrast to the secondary 
hypothesis, adding a verbal suggestion did not affect experienced pain ratings, although 
a trend was observed (F(1, 87) = 3.423, p = .068, ηp

2 = .038).  

Figure 5.3. Means and standard errors of experienced pain intensity ratings for the pre- and post-
intervention cold pressor tests per condition in Study 2 

Note. t p < .10; * p < .05; ** p < .01; *** p < .001.  

Mediation by expectancy 
Expected pain ratings were significantly lower after response imagery than after 

no intervention (F(1, 129) = 30.908, p < .001, ηp
2 = .193). Similarly, adding a verbal 

suggestion to the imagery exercise led to significantly lower expected pain intensity 
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ratings in the Imag+VS condition than in the Imag condition (F(1, 86) = 4.981, p = .028, 
ηp

2 = .055). The effect of response imagery on experienced pain was mediated by 
expected pain (b = -0.271, 95% CI [-.493;-0.077]), while the effect of adding a verbal 
suggestion on experienced pain was not mediated by expected pain (b = -0.134, 95% CI 
[-0.334;0.003]). See Figures 5.4 and 5.5 for the coefficients of all paths in the mediation 
models.  

 
 

Figure 5.4. Mediation of effect of response imagery on experienced pain by expected pain, Study 
2 

Note. * p < .05; ** p < .01; *** p < .001.  
 
 

Moderation by psychological characteristics 
The effect of response imagery on experienced pain was not moderated by 

optimism, neuroticism, or pain catastrophizing, as indicated by non-significant 
interactions of the LOT-R (β = -0.004, t = -0. 056, p = .955), EPQ-RSS (β = -0.032, t = -
0.404, p = .687), and PCS scores (β = 0.087, t = 1.125, p = .263) with the imagery 
conditions. Similarly, the effect of adding a verbal suggestion on experienced pain was 
not significantly moderated by optimism or pain catastrophizing (β = -0.064, t = -0.407, 
p = .685; and β = 0.126, t = 0.786, p = .434, respectively). The effect of adding a verbal 
suggestion on experienced pain did appear to be moderated by neuroticism (β = 0.326, 
t = 2.024, p = .046). Follow-up analyses indicated that an effect of verbal suggestion was 
only present for participants who scored high on neuroticism (1 SD above the mean; b = 
0.740, t = 2.554, p = .012). 
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Figure 5.5. Mediation of effect of verbal suggestion about response imagery on experienced pain by expected 
pain, Study 2 

Note. * p < .05; ** p < .01; *** p < .001. 

Imagery evaluation 
There were no significant differences between the imagery conditions in vividness 

of the image (F(1, 87) = 0.426, p = .515, ηp
2 = .005), concentration on the image (F(1, 87) 

= 0.068, p = .796, ηp
2 = .001), valence of the image (F(1, 87) = 0.811, p = .370, ηp

2 = .009), 
and thinking about the image during the post-intervention CPT (F(1, 87) = 2.580, p = 
.112, ηp

2 = .029). 

Effects on psychological responses 
Participants in the response imagery conditions reported significantly higher 

general positive expectations (FEXpos; F(1, 130) = 5.261, p = .023, ηp
2 = .039) than 

participants in the NT Contr condition. There were no significant effects of response 
imagery on positive affect (PANAS-PA; F(1, 130) = 3.896, p = .051, ηp

2 = .029), state 
anxiety (STAI-S; F(1, 130) = 0.152, p = .697, ηp

2 = .001), or general negative expectations 
(FEXneg; F(1, 130) = 0.130, p = .719, ηp

2 = .001). Adding a verbal suggestion to the 
response imagery exercise did not significantly influence positive affect (PANAS-PA; F(1, 
87) = 0.003, p = .956, ηp

2 < .001), state anxiety (STAI-S; F(1, 87) = 2.439, p = .122, ηp
2 =

.027), general positive expectations (FEXpos; F(1, 87) = 0.330, p = .567, ηp
2 = .004), or

general negative expectations (FEXneg; F(1, 87) = 1.028, p = .313, ηp
2 = .012).

Effects on physiological responses 
There was no significant effect of response imagery on heart rate (F(1, 128) = 3.885, 

p = .051, ηp
2 = .029) or skin conductance (F(1, 128) = 3.261, p = .073, ηp

2 = .025) during 

Placebo-like analgesia via imagery  |  95



 

the post-intervention CPT. Adding a verbal suggestion did not significantly influence 
heart rate (F(1, 87) = 0.367, p = .546, ηp

2 = .004) or skin conductance (F(1, 87) = 2.490, p 
= .118, ηp

2 = .028).  
 
 

Discussion  

In two experimental studies, response imagery, i.e., imagery of reduced pain, was 
found to induce analgesia via its effects on response expectancies, with statistically small 
to medium effects in Study 1 and large effects in Study 2. An additional verbal suggestion 
regarding the effectiveness of imagery did not significantly affect pain. These findings 
suggest that response imagery can affect future pain responses and can be viewed as a 
possible technique for inducing placebo-like effects (i.e., expectancy effects without 
administration of a placebo [24]).  

The current findings extend previous research on the mechanisms of placebo 
effects by showing that placebo-like expectancy effects on pain can be induced not only 
by instructions, direct experience, and observation of other people [59,159], but also by 
mental imagery of a response (i.e., simulated experience). This is consistent with 
response expectancy theory [159] and neurobiological findings indicating that brain 
activation is similar during actual and imagined sensations [86,201]. The observed effects 
of response imagery on pain support our primary hypothesis and are in line with 
previous studies that demonstrate that imagery exercises including images of pain 
reduction can reduce experimentally evoked pain as well as acute and chronic clinical 
pain (although effect sizes are heterogeneous) [22,74,86,174,221]. The effects in Study 2 
are comparable in size with placebo effects in healthy controls and patients with pain 
[221,298,299]. By instructing participants to imagine reduced pain prior to the pain 
experience (rather than during as is common in clinical interventions) [291], and by 
including a measure of expected pain, we found, for the first time, evidence that the 
effects of response imagery on experienced pain can be mediated by expected pain. 
Hereby, we further increase the knowledge on the working mechanisms of imagery. 
These findings suggest that response imagery might provide an additional manner to 
harness placebo-like expectancy effects, without placebo administration or deception.  

In addition to the effect of imagery, we studied the effects of providing a positive 
verbal suggestion regarding the effectiveness of the response imagery intervention. 
Such a verbal suggestion corresponds with procedures in previous research and in 
clinical practice, where imagery interventions are generally introduced with information 
regarding the intended and/or expected outcomes. Contrary to our secondary 
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hypothesis, participants who had received the verbal suggestion did not experience less 
pain than participants who only received the imagery instructions, although a statistical 
trend in this direction was observed and participants expected less pain. Possibly, a 
ceiling effect occurred where verbal suggestion could not elicit a significant effect on 
pain above that of response imagery alone. Our finding is partially consistent with a large 
body of research demonstrating the successful induction of placebo effects by verbal 
suggestion [221,299]. Future research might elucidate whether adding a verbal suggestion 
can indeed enhance the effects of response imagery, taking into account factors such as 
the specific phrasing of the suggestion, and perhaps providing a suggestion more 
frequently to enhance encoding and effects.  

Expectancies are generally seen as the core mechanism of placebo effects, but 
other psychological working mechanisms could also be considered when trying to 
explain the effect of response imagery on pain. For example, negative emotions have 
been suggested to mediate the effects of placebos on pain [91] (although previous 
imagery and placebo studies had equivocal results [9,221,278]) and attention processes 
might also partially explain effects of response imagery on pain [19,80] [but see 45]. 
Exploratory analyses of the current data showed that general expectancies, positive 
affect, and state anxiety are unlikely to have played a substantial role in bringing about 
the effects of response expectancy. The involvement of attention processes during both 
the imagery exercise and the CPT cannot be fully excluded. For example, our findings 
indicate that participants in the response imagery conditions thought about the image 
during the post-intervention CPT, even though they had not received instructions to do 
so, which could have distracted them from the evoked pain. Future research might 
investigate the mechanisms further, e.g., by including other measures and/or directly 
comparing the mediation by response expectancies with mediation by emotions, 
attention, and general expectations. 

In the current studies, our exploratory analyses did not indicate reliable effects of 
response imagery on autonomic and endocrine responses, even though response 
imagery was found to affect pain. This could give rise to concerns about the influence of 
demand characteristics. However, since previous studies did find the effects of pain-
focused imagery on pain and placebo analgesia to be associated with corresponding 
effects on the autonomic nervous system and with the activation of brain responses that 
are known to be involved in pain experiences and expectancies [14,86,171,201,256], it is 
likely that the autonomic nervous system was also involved in the effects of response 
imagery on pain in the current studies. The existing evidence for the involvement of the 
endocrine system is less convincing [90,261]. Methodological factors are likely to have 
affected our results regarding physiological responses. It is possible that effects on 
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physiological responses were obscured by large inter-individual variability and lower 
sensitivity of the responses; we observed large variability of particularly the alpha-
amylase responses, and heart rate was only slightly affected by the CPTs, even though 
the CPTs evoked moderate pain (comparable to previous studies [220,293]). Furthermore, 
the cortisol and alpha-amylase responses appeared to be affected by the circadian 
rhythm. Future studies using more sensitive physiological responses and/or 
measurement techniques, more rigorous controlling of circadian rhythm [163,249], larger 
sample sizes, and possibly also other types of experimental as well as clinical pain, might 
allow more definite conclusions regarding the physiological correlates of the effects of 
response imagery. Furthermore, additional self-report measures, such as social 
desirability questionnaires, may also provide more insight into the possible influence of 
demand characteristics, although previous research using such measures did not find 
this to be a significant factor [209,295].  

Finally, individual differences in psychological characteristics might determine the 
effectiveness of response imagery. Although some previous studies have found 
optimism, neuroticism, and pain catastrophizing to be associated with the analgesic 
effects of imagery or placebo-related expectation inductions [67,100,119], several other 
studies did not find any such association [120,220,295]. In the current studies, we found 
no evidence for the moderation of the effects of imagery on pain by optimism or pain 
catastrophizing, but some indications that neuroticism might play a role in the effects of 
verbal suggestion. Future research might further investigate the determinants of 
response imagery and placebo effects, by studying not only individual differences in 
psychological characteristics, but also in pre-existing expectancies (e.g., due to previous 
experiences), and different types of pain (e.g., acute vs. chronic pain) [135,221]. 
Furthermore, participants received standardized and detailed instructions for the 
imagery exercise. An advantage was that all participants could imagine a concrete image 
of an otherwise abstract concept. This is especially helpful for people who otherwise 
have trouble constructing an image themselves [174]. Moreover, as postulated in the 
simulation heuristic [287] and observed in several studies [43,241], the ease with which a 
mental image can be constructed has been associated with its effects on individuals’ 
expectations of events. Many chronic pain patients, however, experience spontaneous, 
highly individual, pain-related images [34], and it might be beneficial for them to form 
their own personal images of pain reduction instead of visualizing a standard image. 
Indeed, one study found the rescripting of pain patients’ most distressing pain image to 
a preferred, self-generated, image to be very beneficial [228].  

In conclusion, the current findings indicate that a brief response imagery 
intervention can induce placebo-like expectancy effects on pain. If these findings can be 
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replicated and extended, in both healthy and clinical samples, response imagery could 
ultimately be implemented in clinical practice to optimize expectations and thereby 
improve the effectiveness of standard pain treatments.  
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Supplementary Section 5.1. Health-related exclusion criteria 

In Study 1, health-related exclusion criteria were severe physical or psychological morbidity 
(e.g., heart disease or DSM-IV psychiatric disorders) that would adversely affect participation, 
current chronic (≥ 6 months) pain complaints, Raynaud’s phenomenon, extensive injuries to the 
hand to be immersed, current medication use (specifically, analgesics, anti-inflammatory drugs, 
antihistamines, antibiotics, beta-blockers, or other medications that influence heart rate), use of 
pacemaker, and pregnancy.  

In Study 2, exclusion criteria were the same as in Study 1, except that current use of all types 
of medication was now an exclusion criterion. 

 
 

Supplementary Section 5.2. Randomization & blinding procedure 

In Study 1, the randomization sequence was generated by an independent researcher with 
an online random number generator (www.randomization.com; stratified by sex and time of day 
[morning vs. afternoon], with a 1:1 allocation using blocks of 4 and 6). Allocation was concealed 
by using sequentially numbered, opaque, sealed envelopes. As indicated, testing was done by two 
experimenters to enable blinding of the outcome assessor. Experimenter A, who conducted the 
measurements, was unaware of allocation throughout the test session. Experimenter B, who led 
the intervention (including the preceding filler tasks), was unaware of allocation until intervention 
onset. The experimenters did not communicate about any aspects of the procedure that could 
lead to unblinding. To maximize blinding of the participants, they were not informed about the 
different experimental conditions until debriefing. 

In Study 2, the randomization sequence was generated according to the same procedures 
as used for Study 2, except for stratification by sex only (i.e., omission of stratification on time of 
day), and 1:1:1 allocation using blocks of 3, 6, and 9. The blinding procedures were the same as in 
Study 1. 

 
 

Supplementary Section 5.3. Psychological characteristics & responses 

Dispositional optimism. In Study 1 and 2, the revised Life Orientation Test (LOT-R) [224,258] 
was used to measure dispositional optimism (3 positive, 3 negative, and 4 filler items, 5-point 
Likert scale). The total score ranges from 0 to 24.  

Neuroticism. In Study 1 and 2, the neuroticism scale of the revised short version of the 
Eysenck Personality Questionnaire (EPQ-RSS) [253] was used to measure neuroticism (12 items, 
dichotomous (yes/no) scale). The total score ranges from 0 to 12.  
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Pain catastrophizing. In Study 2, the Pain Catastrophizing Scale (PCS) [282] was used to 
measure pain catastrophizing (13 statements, 5-point Likert scale). The total score ranges from 0 
to 52. 

Affect. In Study 1 and 2, a short version of the Positive and Negative Affect Schedule (PANAS) 
[155,223] was used to measure positive and negative affect (5 positive items, i.e., PANAS-PA, and 5 
negative items, i.e., PANAS-NA, 5-point Likert scale). The PANAS-PA and PANAS-NA scores both 
range from 5 to 25.  

State anxiety. In Study 1 and 2, a short version of the State-Trait Anxiety Inventory, State 
version (STAI-S) [196,290] was used to measure state anxiety (3 negative and 3 positive statements, 
4-point Likert scale). The total score ranges from 20 to 80 (after multiplication by 3.33 for
comparability with the full scale).

General expectations. In Study 1 and 2, the questionnaire for Future Expectations (FEX) [119] 
was used to measure positive and negative general expectations for future events (10 positive 
future events, i.e., FEXpos, and 10 negative future events, i.e., FEXneg, 7-point Likert scale). The 
FEXpos and FEXneg both range from 10-70.  

Pain anxiety. In Study 2, a numerical rating scale ranging from 0.0 (not anxious at all) to 10.0 
(most anxious ever experienced) was used to assess pain anxiety, i.e., anxiety regarding the coming 
CPT.  

Psychometric properties questionnaires. Cronbach’s alpha of the questionnaires was 
satisfactory for almost all questionnaires at pre- and post-intervention, except for the PANAS-NA 
(Study 1 and 2) and the FEXpos (Study 1) (see the table below). The PANAS-NA data were not 
analyzed due to the low internal consistency and floor effects (Study 1: post-intervention, 85% of 
participants reported minimum score; Study 2: post-intervention, 77% of participants reported 
the minimum score). For the FEXpos a satisfactory Cronbach’s alpha for this scale was obtained 
after excluding item 4 in Study 1 (α = .68 to .71). Last, the pain anxiety data were not analyzed due 
to floor effects (post-intervention, 47% of participants reported no pain anxiety). 

Cronbach’s alpha 

Study 1 Study 2 Study 1 Study 2 
LOT-R .77 .69 STAI-S 
EPQ-RSS .80 .72 pre-intervention .73 .82 
PCS n.a. .89 post-intervention .66 .74 
PANAS-PA FEXpos 

pre-intervention .70 .71 pre-intervention .56 .84 
post-intervention .76 .73 post-intervention .51 .87 

PANAS-NA FEXneg 
pre-intervention .67 .65 pre-intervention .68 .81 
post-intervention .45 .49 post-intervention .68 .84 
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Supplementary Section 5.4. Physiological responses 

Heart rate and skin conductance. In Study 1 and 2 heart rate (HR) and skin conductance (SC) 
were measured continuously using a MP150 system and AcqKnowledge software, version 4.3.1 
(BIOPAC Systems Inc., Goleta, CA, USA). For HR measurements, a disposable electrode (Kendall 
200 Foam Electrode, Covidien, Mansfield, MA, USA) was placed on the sternum and another on 
the left lower rib, after abrading the skin. Electrocardiography (ECG) signals were recorded with 
an ECG100C amplifier (1000 Hz, gain 1000, 0.5 Hz high pass filter). For SC measurements, 
disposable Ag/AgCl electrodes (EL507-10, BIOPAC Systems Inc., Goleta, CA, USA) were placed on 
the medial phalanges of the index and middle finger of the non-dominant hand, after cleaning the 
skin with water. SC level (µS) was recorded with a GSR100C amplifier (1000 Hz, gain 5 µmho/V, 
10.0 Hz low pass filter). Inspection of the ECG and SC data, HR calculation, and calculation of the 
mean HR and SC levels during baseline and the CPTs was conducted in MATLAB (version R2012b, 
the MathWorks, Inc., Natick, Ma, USA). Epochs were marked using triggers via E-prime 2.0 
software. 

Cortisol and alpha-amylase. In Study 1, saliva samples were collected with cotton swabs 
(Salivette, Sarstedt, Nümbrecht, Germany) for assessments of cortisol and alpha-amylase 
[162,163,249]. The samples were initially stored at -20°C. After the samples had been thawed and 
centrifuged, 0.5 ml aliquots were stored at -80°C until biochemical analyses at the Department of 
Clinical Chemistry and Laboratory Medicine of the Leiden University Medical Center, Leiden, the 
Netherlands. Cortisol (nmol/L) was measured with a Modular P800 (Roche, Mannheim, Germany). 
Alpha-amylase (U/L) was measured, in a 25μL sample diluted with 2475 μL saline, with an Integra 
800 (Roche, Mannheim, Germany). 

 
 

Supplementary Section 5.5. Additional analyses (methods) 

Correlation of experienced pain with other outcomes Study 1 and 2. Post hoc partial 
correlation analyses were conducted in the imagery condition(s) to explore the association of 
post-intervention experienced pain with post-intervention imagery evaluation, psychological 
responses, and physiological responses; in these analyses we controlled for the matching pre-
intervention measures (e.g., pre-intervention experienced pain and positive affect when assessing 
the association between post-intervention experienced pain and positive affect) and the 
stratification variable(s). 

 
Sensitivity analyses Study 1 and 2. In case the assumptions of statistical tests (e.g., of 

normality) were violated, sensitivity analyses were conducted by 1) calculating bias-corrected 95% 
confidence intervals around the relevant parameter using 1000 bootstrapping samples, 2) 
transforming the data (e.g., log transformation), and/or 3) reanalyzing the data without outliers. 

Sensitivity analyses were also conducted to assess the influence of excluding the data of 
participants who had inadvertently used medication that might have affected their responses 
(Study 1) or who had indicated complaints that could be characterized as Raynaud’s phenomenon 
(Study 2). 
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Missing data Study 1. Some data were missing due to practical and/or technical issues: 
experienced pain ratings (pre-intervention, n = 1), heart rate (pre-intervention, n = 1; full data, n 
= 1), and skin conductance levels (pre-intervention, n = 1), cortisol and alpha-amylase (10 min 
after first CPT, n = 1), and imagery evaluation data (n = 1). For one participant alpha-amylase values 
were unreliably low and therefore not analyzed. All participants completed both cold pressor 
tests. 

Missing data Study 2. One participant withdrew from participation during the pre-
intervention CPT due to illness unrelated to the study. Experienced pain ratings were partially 
missing for four participants (1 in the Imag+VS condition, i.e., 2%, 3 in the Imag condition, i.e., 7%) 
who ended the pre-intervention CPT prematurely (< 1 min), and one participant (in the Imag+VS 
condition) who ended the post-intervention CPT prematurely due to pain intensity. These missing 
ratings were replaced using the last observation carried forward method. Some data were missing 
due to practical and/or technical issues: imagery evaluation data (n = 1), expected pain rating (pre-
intervention, n = 1), or heart rate and skin conductance data (n = 2).  

Supplementary Section 5.6. Additional analyses (results) 

Correlation of experienced pain with other outcomes Study 1. Post hoc partial correlation 
analyses in the response imagery condition indicated a significant association of post-intervention 
experienced pain with concentration on the image (r(32) = .549, p = .001), indicating that 
participants who were more concentrated during the imagery exercise, experienced more pain 
during the post-intervention CPT. Post-intervention experienced pain was not significantly 
associated with the other imagery evaluation variables, psychological or physiological responses. 

Correlation of experienced pain with other outcomes Study 2. Post hoc partial correlation 
analyses in the response imagery conditions indicated a significant association of post-
intervention experienced pain with thinking about the image during the CPT (r(86) = -.295, p = 
.005) and post-intervention positive affect (r(86) = -.223, p = .036), indicating that participants 
who thought about the image more and/or had higher positive affect, experienced less pain 
during the post-intervention CPT. Post-intervention experienced pain was not significantly 
associated with the other imagery evaluation variables, the other psychological responses, or 
physiological responses. 

Sensitivity analyses Study 1. When assumptions of statistical tests were violated, 
bootstrapped confidence intervals around the parameters, transformations of variables, and/or 
removing outliers did not significantly affect the results, with two exceptions. When one extreme 
outlier was excluded, heart rate during the post-intervention CPT was significantly lower after 
response imagery than after control imagery (F(1,72) = 4.221, p = .044, ηp

2 = .055). Bootstrapped 
95% confidence intervals around Pearson’s r indicated a significant association between 
experienced pain and thinking about the image during the post-intervention CPT (r(32) = -.320, 
95% CI [-.629;-.058)].  
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When excluding three participants who had inadvertently used medication that might have 
affected their responses (1 participant used an analgesic, 1 ointment for eczema, and 1 
antihistamine), experienced pain was not found to be significantly lower after response imagery 
than after control imagery, but a trend was still observed (F(1,71) = 3.397, p = .050, ηp

2 = .053). 
Excluding these participants did not significantly affect the results of other analyses. 

Sensitivity analyses Study 2. When assumptions of statistical tests were violated, 
bootstrapped confidence intervals around the parameters, transformations of variables, and/or 
removing outliers did not significantly affect the results, with one exception. The moderation of 
the effect of adding a verbal suggestion on experienced pain by neuroticism was non-significant 
when the variables were square-root transformed (β = 0.215, t = 1.323, p = .190). 

When one participant who indicated having complaints that can be characterized as 
Raynaud’s phenomenon was excluded, heart rate during the post-intervention CPT was found to 
be significantly higher in the imagery conditions than in the NT Contr condition (F(1,127) = 4.042, 
p = .046, ηp

2 = .031), and the moderation of the effect of adding a verbal suggestion on 
experienced pain by neuroticism was found to be non-significant when untransformed (β = 0.323, 
t = 1.984, p = .051) or square root transformed (β = 0.213, t = 1.301, p = .197). Excluding this 
participant did not significantly affect the results of other analyses. 
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Supplementary Table 5.1. Means and standard deviations for all measures in Study 1 

Condition 
Measure 

Response imagery Control imagery 

(n = 39) (n = 41) 

Pre test-session 
LOT-R 16.6 ± 3.5 16.9 ± 3.8 
EPQ-RSS neuroticism 3.1 ± 2.6 3.0 ± 2.9 

Pre-intervention 
Resting heart rate 72.7 ± 11.4 74.0 ± 11.5 
Resting skin conductance level 5.2 ± 3.5 5.1 ± 2.3 
Resting cortisol 13.1 ± 6.1 15.0 ± 9.5 
Resting alpha-amylase 822.9 ± 750.3 823.9 ± 962.5 
Expected pain  4.3 ± 2.0 4.5 ± 1.7 
Experienced pain during CPT 4.3 ± 2.1 4.5 ± 2.3 
PANAS-PA 13.3 ± 3.3 12.4 ± 3.0 
PANAS-NA 6.0 ± 1.0 6.0 ± 1.7 
STAI-S 32.6 ± 8.0 31.9 ± 6.8 
FEXpos* 45.9 ± 5.0 46.0 ± 5.0 
FEXneg 31.9 ± 6.2 33.3 ± 6.9 
Heart rate during CPT 76.5 ± 14.3 76.8 ± 12.1 
Skin conductance during CPT 7.3 ± 3.2 7.5 ± 2.2 
Cortisol 10 min after CPT 12.3 ± 4.7 14.2 ± 8.2 
Cortisol 20 min after CPT 13.0 ± 5.7 13.7 ± 7.9 
Alpha-amylase 10 min after CPT 742.5 ± 565.1 782.4 ± 734.1 
Alpha-amylase 20 min after CPT 972.2 ± 1151.2 701.8 ± 652.9 

Continues on next page 
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Supplementary Table 5.1. continued 

Condition 
Measure 

 Response imagery  Control imagery 

 (n = 39)  (n = 41) 

     
Post-intervention     
Concentration on image  63.9 ± 17.9  60.7 ± 15.7 
Quality visualization  66.6 ± 14.1  64.3 ± 17.2 
Valence of image  75.4 ± 16.1  66.4 ± 18.4 
Thinking about image during CPT  56.3 ± 28.6  16.9 ± 24.9 
Expected pain   4.8 ± 2.2  5.8 ± 2.2 
Experienced pain during CPT  4.1 ± 2.1  4.7 ± 2.3 
PANAS-PA  12.3 ± 3.6  11.2 ± 3.5 
PANAS-NA  5.5 ± 1.2  5.2 ± 0.6 
STAI-S  34.0 ± 8.3  33.8 ± 7.5 
FEXpos a  46.2 ± 4.7  45.4 ± 4.7 
FEXneg  32.5 ± 6.7  32.5 ± 6.3 
Heart rate during CPT  71.4 ± 12.7  73.4 ± 10.7 
Skin conductance during CPT  6.1 ± 3.2  6.4 ± 2.4 
Cortisol 10 min after CPT  10.4 ± 4.0  11.4 ± 5.4 
Cortisol 20 min after CPT  9.7 ± 3.4  10.8 ± 5.0 
Alpha-amylase 10 min after CPT  913.9 ± 740.8  911.5 ± 860.6 
Alpha-amylase 20 min after CPT  1049.4 ± 782.5  1161.4 ± 1377.4 

Note. Means and standard deviations (M ± SD) are presented for all available data. The data used for analyses 
sometimes differ due to list-wise deletions in the case of missing values (see statistical analyses section Study 
1 of main text). See Methods section of main text for more information on the measures.  

a excluding FEX item 4, to obtain a satisfactory Cronbach’s alpha for this scale.  
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Supplementary Table 5.2. Means and standard deviations for all measures in Study 2 

Condition 

Measure 

 Response imagery 
with verbal 
suggestion 

Response imagery No treatment 
control 

(n = 47) (n = 45) (n = 43) 

Pre test-session 

LOT-R 16.6 ± 3.1 16.7 ± 3.4 16.3 ± 3.1 

EPQ-RSS neuroticism 2.4 ± 2.0 3.4 ± 2.4 3.1 ± 2.7 

PCS 9.3 ± 6.9 10.5 ± 7.8 11.3 ± 6.7 

Pre-intervention 

Resting heart rate 77.9 ± 10.5 75.7 ± 8.0 76.6 ± 11.0 

Resting skin conductance level 4.3 ± 2.4 4.3 ± 2.3 4.1 ± 2.5 

Expected pain before CPT 4.5 ± 1.7 4.2 ± 1.6 4.3 ± 1.6 

Pain anxiety before CPT 1.1 ± 1.3 1.1 ± 1.3 1.3 ± 1.4 

Experienced pain during CPT 4.8 ± 2.2 4.9 ± 2.0 4.7 ± 2.3 

Expected pain after CPT 5.4 ± 1.9 5.2 ± 1.8 5.0 ± 2.4 

Pain anxiety after CPT 1.1 ± 1.3 1.5 ± 1.8 1.3 ± 1.7 

PANAS-PA 13.4 ± 3.7 12.2 ± 2.9 12.3 ± 3.3 

PANAS-NA 6.1 ± 1.7 6.2 ± 1.9 6.4 ± 1.4 

STAI-S 32.8 ± 7.9 35.0 ± 9.0 35.1 ± 10.0 

FEXpos 54.7 ± 5.3 53.9 ± 6.1 53.1 ± 7.4 

FEXneg 27.8 ± 7.7 27.8 ± 7.9 28.9 ± 8.2 

Heart rate during CPT 80.0 ± 10.6 77.7 ± 9.1 80.2 ± 10.2 

Skin conductance during CPT 6.3 ± 2.5 7.1 ± 2.4 6.6 ± 2.7 

Continues on next page
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Supplementary Table 5.2. continued 

Condition 
 
 
Measure 

 Response imagery 
with verbal 
suggestion 

 Response imagery  No treatment 
control 

 (n = 47)  (n = 45)  (n = 43) 

       

Post-intervention       

Concentration on image  68.6 ± 14.3  69.3 ± 12.9  - 

Quality visualization  68.5 ± 15.2  70.7 ± 14.7  - 

Valence of image  78.0 ± 18.7  81.5 ± 18.0  - 

Thinking about image during CPT  76.1 ± 18.7  69.3 ± 21.6  - 

Expected pain   3.8 ± 1.9  4.3 ± 1.9  4.8 ± 2.3 

Pain anxiety  0.9 ± 1.1  1.1 ± 1.5  1.5 ± 1.8 

Experienced pain during CPT  3.9 ± 2.2  4.3 ± 1.9  4.8 ± 2.3 

PANAS-PA  13.0 ± 3.6  12.2 ± 3.4  11.4 ± 3.2 

PANAS-NA  5.3 ± 0.9  5.4 ± 0.7  5.5 ± 0.9 

STAI-S  30.6 ± 6.8  33.7 ± 7.9  32.3 ± 9.0 

FEXpos  55.8 ± 5.7  54.6 ± 5.8  53.2 ± 7.9 
FEXneg   27.7 ± 8.1  26.9 ± 8.1  28.1 ± 8.4 

Heart rate during CPT  79.4 ± 11.1  76.3 ± 8.5  76.9 ± 9.5 

Skin conductance during CPT  5.6 ± 1.8  6.5 ± 2.3  6.5 ± 2.7 

Note. Means and standard deviations (M ± SD) are presented for all available data. The data used for analyses 
sometimes differ due to list-wise deletions in the case of missing values (see statistical analyses section Study 
2 of main text). See Methods section of main text for more information on the measures. 
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Supplementary Figure 5.1. Flow diagram showing the experimental procedures of Study 1 in 
chronological order 

Note. CPT = cold pressor test.  

Supplementary Figure 5.2. Flow diagram showing the experimental procedures of Study 2 in 
chronological order 

Note. CPT = cold pressor test. 
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Abstract 

Background: Placebo effects on pain have been found to vary in size for different 
routes of medication administration (e.g., oral vs. injection). This has important 
implications for both clinical research and practice. To enhance our understanding of 
these differential placebo effects, research on the underlying expectations about 
multiple routes and symptoms other than pain is vital.  

Methods: A cross-sectional, internet-based survey was conducted in a 
representative sample of the Dutch population (n = 508). Respondents rated the 
expected effectiveness of pain- and itch-relieving medication in six forms, representing 
oral, injection, and topical routes of administration.  

Results: Injected medication was expected to be most effective for relieving pain, 
and topical medication for relieving itch. Furthermore, exploratory analyses showed 
that injections were expected to have the most rapid onset and long-lasting effects, and 
to be most frightening and expensive, while topical medication was expected to be 
safest and easiest to use, and oral medication to have the most side effects. Higher 
expected effectiveness was moderately associated with expectations of more rapid 
onset and long-lasting effects, and better safety and ease of use. Associations of 
expected effectiveness with respondent characteristics (e.g., medication use and 
personality characteristics) were statistically small or non-significant. 

Conclusions: Expected effectiveness of medication differed depending on route of 
administration and targeted symptom. These findings have important implications for 
the design and interpretation of clinical trials, and suggest that medication effects might 
be enhanced by prescribing medicine via the route that patients expect to be most 
effective for their complaint. 
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Introduction 

Placebos have repeatedly been found to relieve pain and other symptoms, 
presumably through expectancies [24,159,221]. Not all placebos affect pain equally. An 
important treatment characteristic that has been associated with differential placebo 
effects on pain is the route of medication administration. It is frequently suggested that 
more invasive routes of medication administration (such as injections) lead to enhanced 
placebo effects [150,177,265]. Indeed, placebo injections have been found to be more 
effective for relieving pain than oral placebos [18,71,221,323]. However, many research 
findings, looking also into other routes, are mixed regarding the possible enhanced 
effectiveness of more invasive routes for relieving pain [18,87,192,203], while one study 
did not show substantial differences between different routes at all [265]. Since 
differential placebo effects have important implications for clinical trials and clinical 
practice, further research into the underlying expectations about the effectiveness of 
medication administered via different routes is required.  

For further research, several factors should be considered. First, most previous 
research compared the placebo control conditions of separate clinical trials, while direct 
comparisons between multiple routes of medication administration are relatively 
scarce. Second, research is generally limited to pain, while research into multiple 
symptoms is vital to examine whether differential placebo effects of different routes 
may depend on the targeted symptom. In this regard, itch is of particular interest. Like 
pain, itch imposes a heavy burden on many patients [199,312], and the underlying 
mechanisms of pain and itch overlap considerably [260,279]. Only one meta-analysis has 
assessed differential placebo effects on itch, suggesting that oral and injected placebos 
did not differ [294]. Comparisons with topical routes, which are most frequently used for 
itch, could however not be made in this analysis. In addition, our understanding of 
differential placebo effects can be improved by looking at expectations about other 
characteristics, such as side effects and cost [33,308], which have previously been found 
to affect placebo effects. Also, possible correlates of the expectations about the 
effectiveness of medication, including these other characteristics of the routes and 
respondent characteristics (e.g., frequency of medication use and personality 
characteristics [59,135]), are rarely explored. 

In this cross-sectional study, we used a survey to directly compare expectations 
about medication administered via three common routes for relieving pain and itch in a 
large sample representative of the Dutch population. Our primary aim was to assess 
differences between the expected effectiveness of medication administered via oral 
(tablet, capsule), injection (syringe, infusion), and topical (cream, gel) routes for relieving 
pain and itch. In addition, we explored expectations about multiple other characteristics 
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of the routes (i.e., side effects, long-lasting effect, rapid onset, safety, being frightening, 
cost, and ease of use), as well as possible correlates of the expected effectiveness (i.e., 
expectations about the aforementioned characteristics of the routes, and the following 
respondent characteristics: demographics, health, frequency of medication use, 
medication attitude, and personality characteristics).  

Methods 

Respondents 
The sample consisted of adults (≥18 years) who were fluent in the Dutch language. 

Respondents were recruited via online research panels; Qualtrics (Provo, UT, USA) panel 
members from the Dutch population were invited via e-mail to complete the online 
survey in return for incentives or cash honorarium, according to the standard 
procedures of Qualtrics. To obtain a sample that was representative of the adult Dutch 
population in terms of age, sex, and province of residence [51], the data of respondents 
who were over quota were not analyzed. 

Procedure 
The study protocol was approved by the institute’s ethics committee (Commissie 

Ethiek Psychologie, PREC15-0828_33). The study was a cross-sectional, internet-based 
survey. After providing informed consent, upon receiving information about the study 
purpose and procedures, respondents filled out a series of questionnaires via the 
secured online system Qualtrics (Provo, UT, USA). Median completion time was 19 
minutes. Data collection took place in autumn 2015.  

Questionnaires 
Expectations about medication. A questionnaire developed specifically for this 

study was used to measure respondents’ expectations about six different forms of 
medication administration, representing three common routes of administration, 
specifically oral (i.e., tablet, capsule), injection (i.e., syringe, infusion), and topical (i.e., 
cream, gel) routes. See Supplementary Section 5.1 for an English version of the 
questionnaire. This questionnaire evolved from a pilot study conducted in a sample of 
100 volunteers (mostly young female university students), which provided preliminary 
indications that expected effectiveness of medication depends on the route of 
administration and targeted symptom. Based on the pilot, the questionnaire was 
optimized for the current research questions (e.g., rephrasing questions, focus on 
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specific routes, symptoms, and characteristics). First, a brief description of each of the 
forms of administration was shown along with a photo on which the form was presented 
in a standardized manner (see Supplementary Section 5.1). Subsequently, respondents 
rated the expected effectiveness of pain- and itch-relieving medication administered in 
the different forms (“How effective do you think pain-relieving/itch-relieving 
medications are when they are used in the following forms?”) on a horizontal visual 
analogue scale (VAS) ranging from not effective at all (0) to very much effective (100). 
Next, respondents rated to what extent they expected 7 other characteristics to be 
applicable to each of the forms of administration, irrespective of the targeted symptom, 
specifically: 1) side effects, 2) long-lasting effect, 3) rapid onset, 4) safe, 5) frightening, 
6) expensive, 7) easy to use. These items were rated on a horizontal VAS ranging from
not at all applicable (0) to very much applicable (100). While the aforementioned sub-
parts of the questionnaire (i.e., expected effectiveness and expected other
characteristics) were always presented in the same order, the presentation of the forms
of medication administration, symptoms, and other characteristics within these sub-
parts was automatically randomized.

Demographics. Respondents reported several demographic characteristics, 
including age, sex, province of residence, educational level, nationality, mother tongue, 
fluency in Dutch language, religious or ideological affiliation, and marital status. 

Health. To assess health, respondents answered questions about being in 
treatment for long-lasting (≥ 1 month) medical or psychological complaints or diseases 
(e.g., diabetes, pain, high blood pressure, or depression; dichotomous scale), presence 
of chronic pain (≥ 3 months) or itch (≥ 6 weeks) at present or in the past (dichotomous 
scale), and intensity of current pain and itch (0-100 VAS). The Short Form-12 (SF-12) [205] 
was used to measure health status (12 items, various Likert scales). Scores on the 
physical component summary and the mental component summary of the SF-12 were 
calculated using item response theory [205], with higher scores indicating a better 
physical or mental health status, respectively.  

Frequency of medication use. To assess medication use, respondents reported how 
often they used pain- and itch-relieving medication in each form of administration 
throughout their lives (7-point Likert scale, higher scores indicate more frequent use).  

Medication attitude. To measure general beliefs about the harmfulness of 
medication and doctor’s over-prescription of medication, the general harm and overuse 
scales of the Beliefs about Medication Questionnaire (BMQ) [137] were used (2 x 4 items, 
5-point Likert scale). The total score of each scale ranges from 4 to 20, with higher scores
indicating more negative beliefs. Cronbach’s alpha was .73 for the harm scale and .78
for the overuse scale in this study. Respondents also reported whether they were
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employed in health care at any time point and, if so, whether they prescribed medication 
to patients (dichotomous scales). 

Personality characteristics. To measure dispositional optimism, the revised Life 
Orientation Test (LOT-R) [258] was used (3 positive, 3 negative, and 4 filler items, 5-point 
Likert scale). The total score ranges from 0 to 24, with higher scores indicating higher 
optimism. Cronbach’s alpha was .76 in this study. To measure neuroticism, the 
neuroticism scale of the revised short version of the Eysenck Personality Questionnaire 
(EPQ-RSS) [253] was used (12 items, dichotomous scale). The total score ranges from 0 
to 12, with higher scores indicating more neuroticism. Cronbach’s alpha was .88 in this 
study. 

Response quality 
To assess whether respondents were paying attention to the questions, two 

control items were included (after around 1/3 and 2/3 of the survey) [73] that instructed 
respondents to answer on the lowest or highest end of a 0-100 VAS, respectively. 
Answers deviating more than 10 points from the required answer were considered 
incorrect. The survey ended with two questions to assess how well respondents 
understood and read the questions (4-point Likert scale) to filter out respondents who 
did not understand or read many or all questions well. Respondents were also given the 
opportunity to report questions and remarks, and survey completion time was recorded. 
By using forced response validation, participants were required to answer all questions 
to prevent missing data.  

Statistical analyses 
The 6 different forms of medication administration were grouped into 3 categories 

- indicating the oral (i.e., tablet and capsule), injection (i.e., syringe and infusion), and
topical (i.e., cream and gel) routes of medication administration - by averaging the
values of the two forms within each category. Confirmatory principal component
analysis with oblimin rotation confirmed this three-factor structure of the expected
effectiveness for both relieving pain and itch, separately (see Supplementary Tables 6.1
& 6.2).

For the primary research question, regarding the expected effectiveness of 
medication administered via the different routes for relieving pain and itch, a 3 x 2 
repeated measures analysis of variance (RM ANOVA) was used. Within-subjects 
independent variables were 1) route of medication administration (oral, injection, or 
topical) and 2) symptom (pain or itch), and the dependent variable was expected 
effectiveness. First, the interaction effect of route-by-symptom was inspected. If the 
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interaction was significant, the main effects of route on expected effectiveness were 
analyzed with separate RM-ANOVAs for pain and itch. In case no interaction of route-
by-symptom was observed, the main effect of route was examined irrespective of 
symptom. If a significant main effect of route was observed, pairwise comparisons 
between the different routes of administration were examined.  

Expectations about other characteristics of the routes of medication 
administration (e.g., side effects), which were assessed irrespective of symptom, were 
explored using a separate RM-ANOVA for each of the characteristics. For each analysis, 
the independent variable was the route (oral, injection, or topical), and the dependent 
variable was the expectation about the characteristic. If a significant main effect of route 
was observed, pairwise comparisons between the different routes were examined. 

Furthermore, we explored possible correlates of expected effectiveness of 
medication. For continuous variables, correlation analyses were used to explore the 
association of expected effectiveness of medication overall (i.e., mean value across 
routes and symptoms) with expectations about the other characteristics of the routes 
and with respondent characteristics. For categorical variables, univariate ANOVAs were 
used with the characteristics as between-subjects independent variable and expected 
effectiveness of medication overall as dependent variable. 

All data were analyzed using SPSS Statistics version 23 (IBM Corporation, Armonk, 
NY, USA), with a two-tailed significance level of α = .05. For the primary analyses, the 
inheritance procedure was used to correct for multiple testing (3/5α for main effects, 
α/4 for contrasts [104]). For the additional analyses the p values were not corrected given 
the exploratory nature of these analyses. Because of the large sample size and number 
of analyses, we focused on effect sizes rather than on p values. For (RM) ANOVAs, 
generalized eta squared (ηG

2) was calculated, with .01, .06, and .14 indicating small, 
medium, and large effects, respectively [176]. For correlation analyses, Pearson’s r values 
of .10, .30, and .50 were interpreted as indicating small, medium, and large correlations, 
respectively [55]. In case the assumptions of the RM ANOVAs for the primary analyses 
were violated, sensitivity analyses were conducted using 1) transformed data and/or 2) 
winsorized data, i.e., where the effect of outliers (absolute z score > 3.29) is reduced by 
replacing the raw score with the most extreme raw score that was not an outlier, 
plus/minus 1 for each consecutive outlier. The results of these sensitivity analyses 
yielded the same conclusions as the uncorrected analyses. For all RM ANOVAs in which 
variables with more than 2 levels were compared, violations of the assumption of 
sphericity were corrected using the Greenhouse-Geisser (if ε < .75) or Huynh-Feldt (if ε 
> .75) procedures.
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Results 

Respondents 
In total 904 respondents reacted to the invitation to participate in the study. Of 

these, 112 respondents did not actually begin participation, and 234 respondents did 
not complete the survey and/or answered one or both of the control questions 
incorrectly (i.e., deviation of more than 10 points from the required answer). Two 
respondents were not fluent in the Dutch language. Another 40 respondents were over 
quota (in terms of sex, age, or province of residence). Five respondents completed the 
survey very fast (in less than 1/3 of the median time, i.e., < 6.4 min), causing uncertainty 
about the reliability of the data, and 3 respondents indicated not having understood or 
read many or all questions well. After excluding the data of all these respondents, the 
complete data of 508 respondents were available for analyses. Demographics, health, 
frequency of medication use, medication attitude, and personality characteristics of the 
final sample are reported in Table 6.1. 

Expected effectiveness 
The expected effectiveness of pain- and itch-relieving medication administered via 

each of the 3 routes is depicted in Figure 6.1 (see Supplementary Table 6.3 for the exact 
values). The RM ANOVA showed a large interaction effect of route by symptom on 
expected effectiveness (F (1.41, 714.22) = 448.99, p < .001, ηG² = .24). Subsequent 
ANOVAs showed a large main effect of route for pain (F (1.66, 839.37) = 628.29, p < .001, 
ηG² = .47) and a medium main effect of route for itch (F (1.50, 761.86) = 50.12, p < .001, 
ηG² = .07). Pairwise comparisons indicated medium and large differences for pain; 
injected medication was expected to be more effective than oral medication (F (1, 507) 
= 148.61, p < .001, ηG² = .11) and topical medication (F (1, 507) = 875.34, p < .001, ηG² = 
.50), and oral medication was expected to be more effective than topical medication (F 
(1, 507) = 572.39, p < .001, ηG² = .37). For itch, effect sizes indicated small and medium 
differences between the routes; topical medication was expected to be more effective 
than injected medication (F (1, 507) = 38.58, p < .001, ηG² = .05) and oral medication (F 
(1, 507) = 80.28, p < .001, ηG² = .10), and injected medication was expected to be more 
effective than oral medication (F (1, 507) = 10.25, p = .006, ηG² = .01).  

118 | Chapter 6



Table 6.1. Demographics, health, frequency of medication use, medication attitude, and 
personality characteristics of the final sample (n = 508) 

Mean / n ± SD / % 

Demographics 
Age (range 18-75) 47.0 (±16.1) 
Sex (% men) 247 (48.6%) 
Educational level 

Primary 6 (1.2%) 
Secondary 304 (59.8%) 
Tertiary 198 (39.0%) 

Nationality 
Dutch 497 (97.8%) 
Other 6 (1.2%) 
Multiple  5 (1.0%) 

Religious or ideological affiliation 
None 300 (59.1%) 
Christian 178 (35.0%) 
Other 30 (5.9%) 

Marital status  
Single 175 (34.4%) 
In relationship 333 (65.6%) 

Health 
Currently in treatment for long-lasting medical or psychological complaints or 

diseases 
218 (42.9%) 

Chronic pain past 148 (29.1%) 
Chronic itch past 66 (13.0%) 
Chronic pain present 140 (27.6%) 
Chronic itch present 51 (10.0%) 
Current pain intensity (0-100 VAS) 25.9 (±30.4) 
Current itch intensity (0-100 VAS) 12.0 (±21.7) 
Physical health status (SF-12) 47.9 (±11.5) 
Mental health status (SF-12) 46. 3 (±12.1) 

Frequency of medication use 
Frequency of pain-relieving medication use (1-7 Likert scale) 2.1 (±0.9) 
Frequency of itch-relieving medication use (1-7 Likert scale) 1.3 (±0.5) 

Medication attitude 
Beliefs about medication – general harm (BMQ) (theoretical range 4-20) 10.6 (±2.7) 
Beliefs about medication – general overuse (BMQ) (theoretical range 4-20) 12.5 (±3.0) 
Health care employee in past or present 75 (14.8%) 

If health care employee: prescribed medication in past or present 38 (7.5%) 

Personality characteristics 
Optimism (LOT-R) (theoretical range 0-24) 13.9 (±3.8) 
Neuroticism (EPQ-RSS) (theoretical range 0-12) 3.8 (±3.6) 
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Figure 6.1. Expected effectiveness of pain- and itch-relieving medication administered via the 3 
routes as rated on a visual analogue scale ranging from not effective at all (0) to very much 
effective (100) (mean, error bars indicate standard deviation) 

Figure 6.2. Expectations about other characteristics of the 3 routes of medication administration 
(irrespective of the targeted symptom) as rated on a visual analogue scale ranging from not at all 
applicable (0) to very much applicable (100) (mean, error bars indicate standard deviation) 
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Other expected characteristics of the routes of administration 
Expectations about the other characteristics of the routes of administration (side 

effects, long-lasting, rapid onset, safe, frightening, expensive, easy to use) are depicted 
in Figure 6.2 (see Supplementary Table 6.3 for the exact values). A significant medium 
or large main effect of the 3 routes was observed for all 7 characteristics (all p < .001, 
ηG

2 = .10 - .55). Pairwise comparisons further showed significant differences between all 
routes for all characteristics (all p ≤ .003), varying in size (ηG

2 = .01 - .55), with one 
exception; oral and topical medication did not significantly differ in expected cost (p = 
.53, ηG

2 < .01). Test-statistics for all pairwise comparisons are reported in Supplementary 
Table 6.4. 

Correlates of expected effectiveness 
The test-statistics of all analyses testing associations of the overall expected 

effectiveness (irrespective of route and symptom) with other route and respondent 
characteristics are reported in Table 6.2 (see Supplementary Table 6.5 for associations 
per route and symptom). A higher expected effectiveness was moderately (r ≥ .30) 
associated with expectations of medication having more long-lasting effects, a more 
rapid onset, and being more safe and easy to use (all p < .001). Statistically significant 
but small associations (r ≥ .10 or ηG

2 ≥ .01) were observed between higher expected 
effectiveness and expectations of medication being less frightening, having experienced 
chronic pain in the past, more frequent use of itch-relieving medication, less negative 
general beliefs about harm and overuse of medication, and having been or being 
employed in health care (all p < .05). Associations with all other variables did not reach 
statistical significance (see Table 6.2). 

Discussion 

The current study set out to gain a better understanding of differential placebo 
effects by studying underlying expectations about the effectiveness of medication 
administered via different routes for relieving both pain and itch. The survey, in a large 
and representative sample of the Dutch population, showed for the first time that the 
expected effectiveness of medication depended not only on the route of medication 
administration (oral, injection, or topical), but also on the targeted symptom (pain or 
itch). Specifically, while pain-relieving medication was expected to be most effective 
when administered via injection (and least effective when administered topically), itch- 

Expectations about medication  |  121



Table 6.2. Associations between overall expected effectiveness of medication with other route 
and respondent characteristics 

a Expected 
effectiveness b 

Other expected characteristics of the routes c 
Side effects r -.06 
Long-lasting effect r .44*** 
Rapid onset r .49*** 
Safe r .42*** 
Frightening r -.20*** 
Expensive r .05 
Easy to use r .31*** 

Demographics 
Age r .04 
Sex ηG

2 < .01 
Educational level  ηG

2 < .01 
Religious or ideological affiliation ηG

2 < .01 
Marital status ηG

2 < .01 

Health 
Currently in treatment for long-lasting medical or psychological complaints or 

diseases 
ηG

2 < .01 

Chronic pain past ηG
2 .01* 

Chronic itch past ηG
2 < .01 

Chronic pain present ηG
2 .01 

Chronic itch present ηG
2 < .01 

Current pain intensity r .05 
Current itch intensity r -.01 
Physical health status (SF-12) r -.07 
Mental health status (SF-12) r -.03 

Frequency of medication use 
Frequency of pain-relieving medication use r .09 
Frequency of itch-relieving medication use r .11* 

Medication attitude 
Beliefs about medication - general harm (BMQ) r -.11* 
Beliefs about medication - general overuse (BMQ) r -.16*** 
Health care employee (past or present) ηG

2 .02** 
If health care employee (n = 76): prescribed medication (past or present)  ηG

2 .05 

Personality characteristics 
Optimism (LOT-R) r .08 
Neuroticism (EPQ-RSS) r -.01 

Note. a r = Pearson correlation coefficient (for continuous variables); ηG
2 = generalized eta squared (for 

categorical variables). b The overall expected effectiveness is calculated across the different routes of 
medication administration and symptoms. C The overall expected characteristics are calculated across the 
different routes of medication administration. * p < .05, ** p < .01, *** p < .001; p values are unadjusted. 
Medium and large effect sizes are printed in bold.  
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relieving medication was expected to be most effective when administered topically 
(and least effective when administered orally). 

Additional exploratory analyses showed that, irrespective of pain or itch 
symptoms, expectations about characteristics other than effectiveness also differed 
between the routes. Injections were expected to have the most rapid onset and long-
lasting effects, and to be most frightening and expensive, while topical medication was 
expected to be the safest and easiest to use, and oral medication to have the most side 
effects. An exploration of the correlates of expected effectiveness of medication 
indicated that a higher expected effectiveness was moderately associated with 
expectations of medication having more long-lasting effects, a more rapid onset, and 
being more safe and easy to use. Expected effectiveness was not or only weakly 
associated with other expected characteristics of the routes (i.e., side effects, 
frightening, expensive) and the measured respondent characteristics (i.e., 
demographics, health, frequency of medication use, medication attitude, and 
personality characteristics).  

The finding that expectations about the effectiveness of medication differed for 
different routes of administration is in line with previous research demonstrating 
differential placebo effects on pain for different routes of medication administration. 
However, the common belief that more invasive routes (such as injections) are more 
effective [150,177,265] is challenged by the finding that the expected effectiveness of 
medication administered via different routes depended on the targeted symptom. 
Although injections were indeed expected to be most effective for relieving pain, 
injections were second to topically administered medication for relieving itch. Also the 
finding that oral medication was expected to be more effective for relieving pain than 
topical medication could be interpreted as contradicting this idea, as the topical route is 
often believed to be more complex than the oral route [e.g., 87]. Moreover, previous 
research into pain relief also does not consistently support the idea of enhanced placebo 
effects for more invasive routes [18,71,87,192,203,221,265,323]. In addition, we found 
associations of a higher expected effectiveness with better expected safety and ease of 
use, but no substantial associations with side effects, being frightening, and c, which also 
does not support the importance of invasiveness. Especially the lack of an association 
with cost is surprising, as previous studies indicated larger placebo effects with 
expensive versus cheap placebos [82,308]. In sum, invasiveness cannot fully explain 
differential placebo effects for different routes.  

A second explanatory factor for differential expectancies and placebo effects may 
be previous experiences, as learning accounts of placebo effects suggest they shape 
expectancies [59,222]. However, we found no or only small associations of expected 
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effectiveness with frequency of medication use, and with the presence and history of 
chronic pain and itch. Third, people might also expect medication to be most effective 
when administered via the most common route. Itch-relieving medications are indeed 
most commonly administered topically. However, pain-relieving medications are most 
commonly administered orally, rather than via injections. Fourth, the location of 
symptoms might play a role. Because itch is typically located on the skin, a topical 
medication seems an obvious choice, and since pain can occur at almost any location in 
the body, one might expect routes with systemic effects (injections or oral medications) 
to be more effective for relieving pain. Last, respondent characteristics, particularly 
personality characteristics that pertain to expectancies (i.e., optimism and neuroticism), 
have frequently been considered as possible moderators of placebo effects and several 
studies support this [135,311]. However, current associations of expected effectiveness 
with the measured demographics, health, medication attitude, and personality 
characteristics were statistically small or non-significant. In sum, multiple factors 
together, not just invasiveness, appear to underlie differential expectations about 
effectiveness of medication administered via different routes.  

Several limitations of our study need to be acknowledged. First, we did not specify 
the nature of pain and itch (e.g., duration, location, intensity), nor a specific medication 
(e.g., over-the-counter vs. prescription drug). This allowed us to draw general 
inferences, but expectations about the different routes might also depend on these 
specifics. Second, although the current study design allowed us to measure numerous 
forms of medication administration and possible correlates of expected effectiveness, 
our assessments are by no means complete. Comparisons with other forms of 
administration (e.g., rectal) and other types of treatment (e.g., surgery), and 
associations with other respondent characteristics (e.g., generalized self-efficacy, 
genetic variations) might be considered for future research. Also, we did not ask 
respondents about the quality of their previous experiences with pain- and itch-relieving 
medication, e.g., whether they had experienced successful pain or itch relief, but this 
may significantly influence respondents’ expectancies and should be considered in 
future research. Third, we consider it a strength of our study that we used a large sample 
representative of the Dutch population in terms of age, sex, and province of residence. 
Nonetheless, it should be noted that the sample is limited to people who registered to 
commercial online research panels and our findings may not fully generalize to the 
whole population or specific patient samples.  

The current finding that the expected effectiveness of medication depends on the 
route of medication administration and the targeted symptom, has important 
implications for clinical research and practice, as patients’ expectations are important 
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predictors of placebo effects and hence treatment outcome [222]. It challenges the 
classic interpretation of placebo-controlled trials, as their results do not only depend on 
responses to the active medication but also on responses to the placebo. As illustrated 
by the efficacy paradox [310], differential placebo effects imply that the medication with 
the greatest effect compared with its placebo control is not necessarily the most 
effective. This emphasizes the importance of direct head-to-head comparisons to find 
the medication and route of administration that is most effective for a specific symptom 
or disease. Furthermore, the differential results for pain and itch indicate that research 
showing placebo effects on pain cannot directly be generalized to other symptoms, even 
when underlying mechanisms largely overlap, as with itch. In clinical practice, it is 
important to take patients’ and doctors’ expectations into account. Keeping in mind the 
influence of the information a physician provides when administering medication on 
expectancies and consequently treatment outcome [221], the effectiveness of 
medication, as well as treatment adherence, might be enhanced by actively discussing 
a patients’ expectations about the available or preferred route of administration. For 
example, when a physician prescribes topical medication for pain, relatively low 
effectiveness expectancies can be enhanced by expressing the intended positive 
outcomes, and might possibly also be enhanced by highlighting associated 
characteristics of the route such as safety and ease of use. Alternatively, on some 
occasions when several equally effective routes are available, it may be possible to select 
the route the patient expects to be most effective for administering a particular 
medication, or to switch to a different route if a patient’s previous experiences were 
negative [131].  

In conclusion, we found that the expected effectiveness of medication depended 
on both the route of administration (oral, injection, or topical) and the targeted 
symptom (pain or itch). In addition, the expected effectiveness was found to be 
associated with expectations about other characteristics of the routes (onset, duration, 
safety, and ease of use). Most importantly, our results indicate that findings from pain 
research cannot readily be translated to other symptoms. Instead, the findings suggest 
that differential placebo effects exist, and multiple factors, not merely invasiveness of 
the route of administration, are at play. The current findings have important 
implications for the interpretation of placebo-controlled trials and suggest that 
medication effects may be enhanced when taking the route of administration into 
account in clinical practice. 
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Supplementary materials Chapter 6 

Supplementary Section 6.1. Questionnaire Expectations about Medication (English translation) 

Questions on expectations about medication 
In this questionnaire, you will be asked what you expect about different forms of medication, such 
as a pill or cream. 
You can answer each question on a scale of not at all to very much. You can see an example of this 
scale below. Answer by moving the bar to a location that fits best with your opinion. You can do 
so by clicking on the bar and dragging it to the desired location on the scale. You can also directly 
click on the desired location. 
At each question, the bar is automatically located in the middle of the scale. If this position 
matches with your answer, could you then still click on the bar? Otherwise, the software will 
consider the question as unanswered.  
There are no right or wrong answers. We are interested in your personal opinion.  

Not at all Very much 

Description of the forms of medication 
The questionnaire is about 6 forms of medication. Below you can find a brief description of each 
form. 

[presented in random order] 
Tablet 
A tablet is a round, flat pill. The medication is contained as a 
powder in this pill. A tablet is taken via the mouth. 

Capsule 
A capsule is an oval container. The medication is contained as a 
powder in this container. A capsule is taken via the mouth.  
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Syringe 
A syringe is a vial with a hollow needle attached to it. The 
medication is dissolved in a fluid and is contained in the vial. 
The fluid is injected into the body via the needle. 

Infusion 
An infusion consists of a small bag that is connected to a hollow 
needle via a tube. The medication is dissolved in a fluid and is 
contained in the bag. The fluid enters the body via the needle. 

Cream 
Cream is a fatty spreadable substance. The medication is 
dissolved in this substance. Cream is applied to the skin. 

Gel 
Gel is a transparent spreadable substance. The medication is 
dissolved in this substance. Gel is applied to the skin. 

Effective against pain/itch 
How effective do you think [pain-relieving/itch-relieving] medications are when they are used 
in the following forms? 

− tablet
− capsule
− syringe 
− infusion
− cream
− gel

Not effective 
at all 

Very much 
effective 

[Symptoms and forms (always accompanied by photo) are presented in random order.] 
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General characteristics 
To what extent do you think each of the following characteristics applies to a [form]? 

− side effects
− long-lasting effect
− rapid onset
− safe 
− frightening 
− expensive 
− easy to use 

Not applicable 
at all 

Very much 
applicable 

[Forms (always accompanied by photo) and characteristics are presented in random order.] 
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Supplementary Table 6.1. Confirmatory principal components analysis of the expected 
effectiveness of the six forms of medication administration for relieving pain 

Component 
1 2 3 

Tablet -0.06 0.02 -0.96
Capsule 0.12 -0.02 -0.87
Syringe 0.91 -0.01 -0.04
Infusion 0.93 0.02 0.01
Cream -0.08 0.92 -0.11
Gel 0.08 0.96 0.09

Note. Pattern matrix of the oblimin rotation with Kaiser normalization. 

Supplementary Table 6.2. Confirmatory principal components analysis of the expected 
effectiveness of the six forms of medication administration for relieving itch 

Component 
1 2 3 

Tablet -0.06 0.01 -1.00
Capsule 0.09 -0.02 -0.90
Syringe 0.92 -0.02 -0.03
Infusion 0.97 0.02 0.02
Cream ≈-0.01 0.95 0.02
Gel <0.01 0.95 -0.02

Note. Pattern matrix of the oblimin rotation with Kaiser normalization. 

Supplementary Table 6.3. Means (± standard deviations) of expected effectiveness of medication 
and expectations about other characteristics of the routes, as rated on 0-100 visual analogue 
scales 

Characteristics Overall Oral Injection Topical 

Effectiveness 
Pain relief 67.9 (13.4) 73.0 (15.6) 81.8 (16.8) 48.8 (22.0) 
Itch relief 63.0 (15.4) 58.3 (21.7) 60.9 (24.6) 69.9 (19.4) 

Side effects 48.2 (12.6) 53.7 (15.8) 51.6 (16.3) 39.3 (17.6) 
Long-lasting effect 57.4 (12.0) 59.0 (14.8) 66.3 (16.2) 46.8 (18.2) 
Rapid onset 64.5 (10.7) 61.0 (14.7) 77.9 (15.6) 54.4 (18.1) 
Safe 64.0 (12.8) 63.8 (16.3) 58.8 (17.8) 69.3 (15.9) 
Frightening 32.2 (16.1) 26.1 (19.7) 52.7 (26.9) 17.9 (18.4) 
Expensive 56.9 (12.5) 50.7 (16.8) 69.7 (16.3) 50.2 (17.6) 
Easy to use 65.0 (12.7) 76.8 (16.7) 38.6 (25.3) 79.7 (16.5) 
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Supplementary Table 6.4. Comparisons of expected effectiveness of medication and of 
expectations about other characteristics of the routes 

Characteristics Main effect route 
of administration Oral vs Injection Oral vs Topical Injection vs Topical 

Effectiveness 
Pain relief F (1.66, 839.37) = 

628.29, p < .001, 
ηG² = .47 a 

F (1, 507) = 148.61,  
p < .001, ηG² = .11b

F (1, 507) = 572.39,  
p < .001, ηG² = .37b 

F (1, 507) = 875.34,  
p < .001, ηG² = .50b 

Itch relief F (1.50, 761.86) = 
50.12, p < .001, 
ηG² = .07 a 

F (1, 507) = 10.25,  
p = .006, ηG² = .01b 

F (1, 507) = 80.28,  
p < .001, ηG² = .10b 

F (1, 507) = 38.58,  
p < .001, ηG² = .05b 

Side effects c F (1.88, 953.10) = 
178.58, p < .001, 
ηG

2 = .19 

F (1, 507) = 9.17,  
p = .003, ηG

2 = .01 
F (1, 507) = 275.16,  

p < .001, ηG
2 = .22 

F (1, 507) = 194.10,  
p < .001, ηG

2 = .16 

Long-lasting 
effect c 

F (1.74, 880.62) = 
260.79, p < .001, 
ηG

2 = .27 

F (1, 507) = 93.01,  
p < .001, ηG

2 = .08 
F (1, 507) = 240.05,  

p < .001, ηG
2 = .17 

F (1, 507) = 367.04,  
p < .001, ηG

2 = .31 

Rapid onset c F (1.84, 934.86) = 
337.31, p < .001, 
ηG

2 = .35 

F (1, 507) = 421.48,  
p < .001, ηG

2 = .31 
F (1, 507) = 53.33,  

p < .001, ηG
2 = .05 

F (1, 507) = 494.71,  
p < .001, ηG

2 = .39 

Safe c F (1.88, 951.07) = 
82.37, p < .001, 
ηG

2 = .10 

F (1, 507) = 36.71,  
p < .001, ηG

2 = .03 
F (1, 507) = 59.17,  

p < .001, ηG
2 = .04 

F (1, 507) = 135.01,  
p < .001, ηG

2 = .12 

Frightening c F (1.47, 743.07) = 
499.74, p < .001, 
ηG

2 = .42 

F (1, 507) = 437.48,  
p < .001, ηG

2 = .32 
F (1, 507) = 125.33,  

p < .001, ηG
2 = .07 

F (1, 507) = 664.77,  
p < .001, ηG

2 = .44 

Expensive c F (1.81, 919.59) = 
319.81, p < .001, 
ηG

2 = .31 

F (1, 507) = 443.51,  
p < .001, ηG

2 = .32 
F (1, 507) = 0.41,  

p = .53, ηG
2 < .01 

F (1, 507) = 392.69,  
p < .001, ηG

2 = .32 

Easy to use c F (1.57, 795.84) = 
751.18, p < .001, 
ηG

2 = .55 

F (1, 507) = 829.36,  
p < .001, ηG

2 = .52 
F (1, 507) = 12.75,  

p < .001, ηG
2 = .01 

F (1, 507) = 948.99,  
p < .001, ηG

2 = .55 

Note. a p values of these repeated measures analysis of variance are corrected according to inheritance 
procedure (p / ⅗ [104]); b p values of these repeated measures analysis of variance are corrected according to 
inheritance procedure (p x 4 [104]); c p values are unadjusted. Medium and large effect sizes are printed in 
bold. 
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Supplementary Table 6.5. Associations of the expected effectiveness of medication with 
expectations about other characteristics of the routes and with respondent characteristics, both 
across routes of administration and symptoms (overall) and separately per route of administration 
and symptom 

Continues on next page 

Expected effectiveness 
Overall Pain Itch 

a Oral Injection Topical Oral Injection Topical 

Other characteristics of the 
routes b 

Side effects r -.06 -.10* -.03 .05 -.03 -.02 <.01 
Long-lasting effect r .44*** .42*** .36*** .39*** .31*** .26*** .26*** 
Rapid onset r .49*** .43*** .57*** .36*** .24*** .25*** .37*** 
Safe r .42*** .37*** .27*** .17*** .18*** .26*** .26*** 
Frightening r -.20*** -.23*** -.05 .05 -.11* -.19*** -.20*** 
Expensive r .05 -.03 .23*** -.03 .06 .03 -.06 
Easy to use r .31*** .31*** .02 .04 .12** .23*** .27*** 

Demographics 
Age  r .04 -.01 -.02 .01 .07 .10* -.05 
Sex ηG

2 < .01 < .01 < .01 < .01 < .01 < .01 .01* 
Educational level  ηG

2 < .01 < .01 < .01 < .01 .02* .02* .01 
Religious or ideological 

affiliation 
ηG

2 < .01 < .01 < .01 < .01 < .01 < .01 < .01 

Marital status ηG
2 < .01 < .01 < .01 < .01 < .01 < .01 < .01 

Health 
Currently in treatment for 

long-lasting medical or 
psychological complaints 
or diseases 

ηG
2 < .01 < .01 < .01 < .01 .01 < .01 < .01 

Chronic pain past ηG
2 .01* < .01 .01 < .01 - - - 

Chronic itch past ηG
2 < .01 - - - < .01 < .01 < .01 

Chronic pain present ηG
2 .01 < .01 .01 < .01 - - - 

Chronic itch present ηG
2 < .01 - - - < .01 < .01 < .01 

Current pain intensity r .05 .04 .07 -.04 - - - 
Current itch intensity r -.01 - - - .01 -.02 -.01 
Physical health status 

(SF-12) 
r -.06 -.01 -.07 .07 -.13** -.11* .04 

Mental health status (SF-12) r -.02 -.01 -.04 .04 -.01 -.01 -.06 

Frequency of medication 
use b 

Frequency of pain-relieving 
medication use 

r .09 .05 .10* .10* - - - 

Frequency of itch-relieving 
medication use 

r .11* - - - .19*** .02 .15** 
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Supplementary Table 6.5. continued 

Note. a r = Pearson correlation coefficient (for continuous variables); ηG
2 = generalized eta squared (for 

categorical variables). b correlations between corresponding routes are reported (i.e., oral vs. oral; injection 
vs. injection, and topical vs. topical). * p < .05, ** p < .01, *** p < .001; p values are unadjusted. Medium and 
large effect sizes are printed in bold. 

Expected effectiveness 
Overall Pain Itch 

a Oral Injection Topical Oral Injection Topical 

Health care employee (past 
or present) 

ηG
2 .02** < .01 .01** < .01 .02** .02** < .01 

If health care employee (n = 
76): prescribed 
medication (past or 
present)  

ηG
2 .05 .01 .03 .11** .03 .01 .04 

Personality characteristics 
Optimism (LOT-R) r .08 .09 .09* .07 .01 -.02 .11* 
Neuroticism (EPQ-RSS) r -.01 < .01 < .01 -.02 -.02 -.03 .04 
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CHAPTER 7 

SUMMARY & 

GENERAL DISCUSSION 



 

  



 

 

SUMMARY  
Placebo effects are health improvements following the administration of an inert 

treatment (i.e., placebo). These effects are typically ascribed to a person’s expectations 
about the beneficial outcomes of taking the placebo. Particularly pain has reliably been 
found to be prone to placebo effects, as well as to placebo-like effects that can occur 
due to expectations about an active treatment or no treatment at all. Also other physical 
symptoms, such as itch and fatigue, have been found to be prone to these effects, 
although more incidentally. Treatment of physical symptoms may be enhanced by 
harnessing placebo-and placebo-like effects in clinical practice. To do so effectively, a 
deeper understanding of placebo and placebo-like effects and the role of expectancies 
herein is crucial for both researchers and clinicians.  

The main aim of the current thesis was to address ways of harnessing placebo 
effects for relieving pain and other physical symptoms by targeting expectancies. Most 
importantly, we studied several expectation inductions (i.e., verbal suggestion, 
conditioning, and mental imagery) to assess their individual, comparative, and 
combined effectiveness for relieving physical symptoms, primarily pain. We additionally 
investigated the role of treatment characteristics (i.e., route of medication 
administration) and individual characteristics (e.g., personality characteristics) in 
placebo and placebo-like effects. 

 
In Chapter 2, we reviewed the theoretical and empirical literature on the influence 

of expectancies on pain. In the dominant psychological learning theories, expectancies 
were found to play a key role. Three kinds of expectancies could be distinguished: 
stimulus expectancies (pertaining to external stimuli or events, like receiving a 
prescription for medication), response expectancies (pertaining to internal, 
nonvolitional experiences, like pain), and self-efficacy expectancies (pertaining to the 
ability to perform behavior, like to engage in physical activity despite pain). Of these, 
response expectancies are typically considered to be the core mechanism of placebo 
and placebo-like effects, and to exert the largest influence on pain, as they directly 
pertain to the experience itself. Three learning processes of expectancies are generally 
theorized: instructional learning (e.g., verbal suggestion), conditioning, and 
observational learning. In addition, expectancies may be learned via mental imagery. 
We also discussed multifaceted expectancy constructs (e.g., optimism), in which the co-
occurrence of expectancies with related emotions and cognitions is captured. 
Particularly optimism and pain catastrophizing were found to be associated with pain, 
but also trust, worry, and neuroticism appeared influential, although research is more 
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limited. In sum, our review underlined the important influence of expectancies on pain, 
while also providing some understanding of the complexity of expectancies. Modifying 
expectancies by addressing the different learning processes appears promising for 
harnessing placebo and placebo-like effects.  

In Chapter 3, we systematically investigated the available empirical literature on 
the magnitude of the effects of brief expectation interventions on patients’ pain in a 
meta-analysis. We found that verbal suggestion, conditioning, and mental imagery 
relieved pain in clinical samples. The evidence that verbal suggestions of the analgesic 
qualities of a treatment (placebo or active) can induce placebo and placebo-like effects 
on patients’ pain was particularly strong; a substantial number of studies indicated 
effects that were on average statistically medium to large. Only few studies assessed 
conditioning procedures, which were always reinforced by verbal suggestions. 
Surprisingly, their effects were not larger than those of verbal suggestion alone. Brief 
imagery exercises (e.g., using images of pain reduction due to numbness) had relatively 
small, though promising, effects on patients’ pain. We explored several factors that 
might moderate the effects of the expectation inductions. Notably, we observed that 
the effects of verbal suggestion on experimental and, especially, acute procedural pain 
(e.g., post-surgery pain) were substantially larger than the effects on chronic pain (e.g., 
ongoing neuropathic pain). We further found indications that verbal suggestions were 
more effective when they referred to injected placebos rather than orally or topically 
administered placebos. Taking everything together, our meta-analysis suggests that 
findings from experimental research generalize to clinical settings in the case of acute 
procedural pain, although less so in case of chronic pain. Expectation interventions, 
especially verbal suggestions, are thus promising methods for optimizing the 
effectiveness of regular analgesic treatment in clinical practice, at least in acute 
situations.  

In Chapter 4, we studied the effects of both verbal suggestion and mental imagery 
on pain, itch, and fatigue as indicators of physical sensitivity. This experimental study in 
a healthy sample showed that a verbal suggestion stating that a (placebo) capsule can 
reduce sensitivity to physical sensations, such as pain, itch, and fatigue, strongly affected 
participants’ expectations about the effects of the capsule. Also, a newly developed 
mental imagery exercise of a best possible health affected participants’ positive and 
negative future expectancies. However, neither the verbal suggestion, nor the imagery 
exercise, nor their combination affected physical sensitivity, as indicated by the self-
reported and physiological responses to the experimentally evoked pain, itch, and 
fatigue. We also found no evidence that individual differences, such as in participants’ 
tendency to be more or less optimistic, predicted participants’ responses. These findings 
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indicate that expectancy effects do not always occur. Possibly, they depend, among 
others, on their level of specificity, with a focus on multiple sensations at once or health 
in general being less effective than a focus on a specific response.  

In Chapter 5, we investigated a newly developed imagery exercise that specifically 
focused on pain to study placebo-like effects. In the first of two experimental studies, 
healthy participants imagined that they would experience reduced pain during a 
subsequent pain evoking cold pressor task. They did so using the image of a warm and 
impermeable glove. Results showed, for the first time, that imagery of reduced pain (i.e., 
response imagery) could reduce subsequent pain. Importantly, these effects were 
mediated by the participants’ expectations of the upcoming pain (i.e., response 
expectancies). The effects were however not accompanied by corresponding 
physiological responses. The second study replicated these findings. In this study, we 
furthermore found that an additional verbal suggestion regarding the effectiveness of 
the imagery exercise did not or only marginally enhance the pain reducing effects. 
Moreover, also in these two studies, individual differences did not appear to predict the 
observed effects. Together, these studies show that placebo-like effects on pain can be 
induced via response imagery. Response imagery thus appears to be a promising 
method for treating pain, even before its onset.  

In Chapter 6, we further explored the differential placebo effects of different 
routes of medication administration that we observed in Chapter 2, by assessing 
underlying expectancies in a survey. A large sample representative of the Dutch 
population rated the expected effectiveness of both pain- and itch-relieving mediation 
when administered via different routes: oral, injection, and topical. In line with our 
previous findings, respondents expected injections to be most effective for relieving 
pain. In contrast, respondents expected topical medication to be most effective for 
relieving itch. These findings indicate that the expected effectiveness of medication, and 
hence placebo and placebo-like effects, depends on both the route of medication 
administration and the targeted symptom. Additional correlational analyses showed 
that a higher expected effectiveness was associated with expectations of medication 
having longer-lasting effects, a more rapid onset, and being safer and easier to use. The 
expected effectiveness was not or only weakly associated with expected side effects, 
cost, and being frightening. Also, individual differences in demographic characteristics, 
health, frequency of medication use, medication attitude, and personality 
characteristics were not or only weakly associated. Together, these findings indicate 
that the commonly held belief that more invasive treatments are more potent does not 
hold. Instead, other factors play a role as well, such as the type of targeted symptom, 
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and possibly the location of the symptom and the commonness of a route of medication 
administration for the symptom.  

 
Taken together, the findings of the research presented in this thesis underscore 

the influence of expectancies on pain and the potential of using expectation 
interventions for enhancing the treatment of pain and other physical symptoms. We 
found that placebo and placebo-like effects can be induced via verbal suggestion, 
conditioning, and mental imagery. Most notably, our findings show that particularly 
verbal suggestions may enhance the short-term outcomes of analgesic treatments in 
patients. Moreover, we found, for the first time, that mental imagery of reduced pain 
(i.e., response imagery) can induce analgesia via its effects on response expectancies. 
Furthermore, people’s expectations about the effectiveness of treatments also 
depended on the route of medication administration and targeted symptom. In 
conclusion, harnessing placebo effects by targeting expectancies is promising for 
enhancing standard clinical care of physical symptoms, such as pain. 
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GENERAL DISCUSSION 
 
Research into placebo effects suggests that expectancies, the putative core 

mechanism, are important determinants of treatment outcomes. Hence, optimizing 
patients’ expectancies is promising for enhancing treatment of physical symptoms such 
as pain. The main aim of the current thesis was to address ways of harnessing placebo 
effects for relieving pain and other physical symptoms by targeting expectancies. Most 
importantly, we studied the individual, comparative, and combined effectiveness of 
expectation inductions (i.e., verbal suggestion, conditioning, and mental imagery). We 
hereby studied placebo and placebo-like effects on pain and other physical symptoms, 
in both healthy and clinical samples. We also explored psychological and physiological 
mechanisms involved. Additionally, we investigated the role of treatment and individual 
characteristics. In this closing chapter, we summarize and discuss the findings of the 
research in this thesis in relation to the literature. We also address the limitations of the 
work, and highlight directions for future research and implications for clinical practice.  

 
 

Role of expectancies in pain and other physical symptoms 

In Chapter 2, we integrated theoretical and empirical literature on the influence of 
expectancies on pain. We showed that expectancies are a central factor in psychological 
learning theories, including accounts of classical conditioning and social learning 
theories [17,38,158,159,161,217,244,280]. In these theories, different kinds of expectancies 
can be distinguished: response expectancies (i.e., pertaining to internal, nonvolitional 
experiences), stimulus expectancies (i.e., pertaining to external stimuli or events), and 
self-efficacy expectancies (i.e., pertaining to the ability to perform behavior) [158,159]. 
These expectancies are theorized to be important determinants of behavior, events, and 
experiences. An examination of the empirical literature indicated that each of these 
kinds of expectancies can independently influence pain [15,56,141,145,160,184,234,262,297]. 
The most extensive evidence has been found for the influence of response expectancies 
on pain, which is in line with their theorized direct effect on nonvolitional responses like 
pain and other physical symptoms [158,159]. Theoretical views and empirical research 
regarding the interplay between different kinds of expectancies and related 
multifaceted expectancy constructs (e.g., pain catastrophizing, trust) is relatively limited 
[17,297].  
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To make use of the influence of expectancies on pain as well as other symptoms, it 
is important to understand how expectancies are formed. In Chapter 2 we saw that the 
psychological learning theories describe three processes via which expectancies can be 
learned: instructional learning (e.g., verbal suggestion), conditioning, and observational 
learning [17,38,158]. Inducing expectancies by addressing these learning processes is 
promising for enhancing treatment outcomes. In addition, we posed in this thesis that 
expectancies can also be learned via mental imagery, i.e., simulation of experiences, and 
that imagery exercises may be potent expectation interventions. 

 
 

Effects of expectation inductions on pain and other symptoms 

In the current thesis, we investigated the effects of three methods of inducing 
expectancies on pain and other physical symptoms (Chapter 3, 4, and 5). Specifically, we 
assessed placebo and placebo-like effects induced by verbal suggestion, conditioning, 
and mental imagery, as well as combinations of expectation inductions. 

 
Verbal suggestion 

Previous research has provided robust evidence for the influence of verbal 
suggestion on experimentally evoked pain in healthy samples [16,189,266,299]. An 
objective of the current thesis was to assess if these effects also generalize to clinical 
samples and to physical symptoms other than pain. 

Our meta-analysis in Chapter 3 provided compelling evidence that verbal 
suggestion of the analgesic qualities of a placebo or active treatment can induce placebo 
and placebo-like effects on patients’ pain. The effects were found to be especially strong 
for acute procedural pain (e.g., post-surgery pain). Effects on experimentally evoked 
pain were also substantial. This suggests that findings from experimental research in 
healthy samples extrapolate quite well to clinical samples when it comes to acute pain. 
However, verbal suggestion could only elicit modest relief from chronic pain (e.g., 
neuropathic pain or migraine). This is in line with a recent finding that long-term 
exposure to fibromyalgia pain was associated with reduced placebo analgesia [170], and 
might possibly be due to repeated negative treatment experiences in the past and/or 
the multitude of determinants of symptom chronicity [233,320]. It should be noted 
however that previous within-study comparisons did not indicate chronic pain to be less 
sensitive than experimental pain to placebo and placebo-like effects [52,226,227]. Further 
research is warranted. Regarding expectancies, the included studies indicated that the 
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effects of verbal suggestion on the different types of pain could be ascribed to 
expectancy modifications [52,226,261,300,301].  

In Chapter 4, we assessed in a healthy sample if a verbal suggestion might be 
effective for not only reducing pain, but also for reducing itch and fatigue, as these 
symptoms frequently co-occur [2,41,54,94,185,305]. We found that a verbal suggestion 
stating that a (placebo) capsule can reduce sensitivity to physical sensations, such as 
pain, itch, and fatigue, in the majority of users strongly affected participants’ 
expectations about the effects of the capsule. However, it did not affect self-reported 
pain, itch, or fatigue during the subsequent sensitivity tests. This contrasts previous 
findings that verbal suggestions about one specific sensation (e.g., pain, itch, or fatigue) 
can reduce that sensation [20,47,68,79,295]. Possibly, focusing on physical sensitivity in 
general, rather than on one specific sensation, might have made it difficult for 
participants to form a clear picture of the suggested outcome. Also, since most theories 
implicitly assume that an expectation that matches the level of specificity of the 
outcome is most predictive [17,38,159,244,257] [see also 132], we might infer that general 
verbal suggestions are less effective than specific suggestions, but further research is 
required.  

 
Conditioning 

The meta-analysis in Chapter 3 showed that conditioning procedures have 
infrequently been used to induce placebo analgesic effects in clinical samples. The few 
studies that could be included in our analyses, used conditioning procedures in which 
the pairings of the conditioned stimulus (e.g., placebo cream) and unconditioned 
stimulus (e.g., reduced pain stimulation) were always reinforced by verbal suggestion, 
and in which effects on experimentally evoked pain were assessed. Effects on 
expectancies were never assessed. Surprisingly, we found in our meta-analysis that this 
combination of conditioning with verbal suggestion did not exert larger effects on pain 
than verbal suggestion alone. This finding contrasts previous research in healthy 
samples, where such a combined procedure is typically found to have more robust 
effects than verbal suggestion alone [20,166,197]. However, the paucity of research 
prevents us from drawing firm conclusions about the size of conditioning effects in 
clinical samples and more direct comparisons of the individual and combined 
expectation inductions are required [166]. Furthermore, more ecologically valid 
conditioning paradigms, e.g., assessing the influence of effective prior treatments on 
current treatment outcomes [6,178], may be promising for placebo research in clinical 
samples. 
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Mental imagery 
We further investigated if mental imagery could provide an additional method 

through which expectancies can be induced and, consequently, through which pain and 
other symptoms can be relieved (i.e., induction of placebo-like effects). 

Our meta-analysis (Chapter 3) indicated that the effects of brief imagery exercises 
(e.g., imagery of pain reduction due to numbness) on patients’ pain were relatively 
small, but nonetheless promising. Notably, these interventions were never explicitly 
defined as expectation interventions and expectancies were not assessed. To more 
systematically study imagery as a method to induce expectancies, we conducted several 
experimental studies.  

In Chapter 4, we found that our newly developed imagery exercise, in which 
participants were instructed to imagine their best possible health, did not affect physical 
sensitivity, as indicated by the absence of effects on self-reported pain, itch, and fatigue 
during the sensitivity tests. Participants did report more positive and less negative 
general expectancies. As with the verbal suggestion of reduced physical sensitivity, this 
finding might be partially explained by the broad focus of the image, i.e., on health in 
general rather than on one specific symptom [132,257]. Furthermore, because health is 
often conceptualized in negative terms (e.g., absence of symptoms), an image of health 
might have been too abstract for participants. This might be especially critical because 
the participants were already healthy and, consequently, their image of optimal health 
might not have differed substantially from their current state.  

Building on these findings, we developed an imagery exercise that was specifically 
focused on one sensation (i.e., response imagery). In Chapter 5, we presented the results 
of two studies into the effects of this response imagery exercise on pain. In both studies, 
participants who had first experienced pain evoked by a cold pressor task, imagined pain 
reduction using the image of a glove, which was described as being warm and water-
impermeable. In the first study, we found that participants experienced less pain during 
a subsequent cold pressor test than participants who merely imagined their hand. In 
Study 2, we further improved the instructions of the imagery exercise and used a no 
treatment control condition that could more confidently be described as neutral. We 
again found that response imagery could induce placebo-like analgesia, with larger 
effects than in the first study. These findings are in line with previous findings that 
imagery can reduce pain [231,232,291]. Moreover, they extend these findings by showing 
for the first time that imagery of pain relief can affect future pain and that these effects 
were mediated by response expectancies.  
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Comparisons and combinations of expectation inductions 
From our and previous research, we can infer that verbal suggestion, conditioning, 

and mental imagery can each, independently, induce placebo and/or placebo-like 
effects. A comparison of the expectation inductions in our meta-analysis in clinical 
samples (Chapter 3) showed that the evidence for the effectiveness of verbal suggestion 
was most extensive. It should be noted however that this comparison was hampered by 
the limited number of studies on conditioning and mental imagery, the reinforcement 
of conditioning by verbal suggestion, and the indirect nature of the comparison (i.e., 
between studies rather than within). Notably, our direct comparison of a general verbal 
suggestion with imagery of a best possible health in Chapter 4 showed neither one of 
these expectation inductions to be effective. We furthermore observed relatively large 
effects of response imagery on pain in a healthy sample (Chapter 5). Further 
comparative research could provide more information on the relative effects of the 
different expectation inductions in both experimental and clinical settings. 

 Combining different methods of inducing expectancies, each tapping into different 
learning processes, may be especially effective. Surprisingly however, we found no 
evidence for this in the current thesis. As mentioned above, our meta-analysis (Chapter 
3) did not provide evidence that conditioning reinforced by verbal suggestion was more 
effective than verbal suggestion alone. In Chapter 4, we found that also when 
participants received both the positive verbal suggestion and imagery exercise, physical 
sensitivity (i.e., pain, itch, and fatigue) was not affected, possibly because we did not 
present them as connected interventions. Furthermore, we found that the pain-
reducing effects of response imagery were not or only marginally enhanced when it was 
preceded by an additional verbal suggestion that described the effectiveness of the 
exercise (Chapter 5, Study 2). Perhaps this can be explained by a ceiling effect, where 
the verbal suggestion could not elicit significant analgesia above response imagery. 
Thus, our research does not provide direct evidence for enhanced benefits of combining 
expectation inductions, which is in contrast to previous research [20,76,166,197,207]. Our 
contradictory findings might imply that combining different expectation inductions may 
be beneficial only under specific circumstances. Further research into optimal 
combinations for maximizing placebo and placebo-like effects is warranted.  

 
 

Psychological mechanisms of placebo and placebo-like effects 

In this thesis, we focused on expectancy as the core psychological mechanism of 
placebo and placebo-like effects and accordingly investigated methods that could 
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modify expectancies and thereby reduce pain and other physical symptoms. As 
discussed above, we found that verbal suggestion and mental imagery indeed modified 
expectancies (Chapters 3 and 4), and that response expectancies mediated the effects 
of response imagery on pain (Chapter 5). However, expectancies were not always 
related with the outcome (Chapter 4) [see also 277,325]. In addition, expectancies do not 
explain all variance in placebo and placebo-like effects [52,226,300,301]. This suggests that 
additional psychological mechanisms are likely to be involved.  

Most importantly, theoretical work and psychological and neurobiological data 
suggest that affective processes may play a role [14,91]. It has been theorized that 
expectations of positive treatment outcomes reduce pain and other symptoms by 
reducing negative affect, particularly anxiety [91]. Supporting this, several previous 
studies, in healthy samples, found placebo analgesia to be associated with lowered 
subjective stress [8,9,11] [but see 90]. In line, neuroimaging research indicates that placebo 
and placebo-like effects are associated with brain processes known to represent 
affective processes, next to sensory and expectancy processes [14,213]. However, in our 
meta-analysis, we did not observe an effect of the expectation inductions on anxiety in 
clinical samples, with the exception of one study in which large effects of imagery on 
anxiety were observed (Chapter 3). In addition, our experimental studies (Chapters 4 
and 5), did not indicate an effect of verbal suggestion or response imagery on anxiety, 
and we even found indications of increased anxiety after best possible health imagery. 
At a more specific level, previous research found placebo analgesia to be related to 
reduced pain anxiety [72,301], but we could not determine this in our own work (Chapter 
5, Study 2), due to generally low levels of pain anxiety (i.e., floor effects). Last, positive 
affect was not observed to be influenced by verbal suggestion and imagery (Chapters 4 
and 5) [227]. 

Taken together, research supports the important role of expectancies in placebo 
and placebo-like effects, but does not provide consistent support for the involvement of 
affective processes. The involvement of these affective, and of related cognitive 
processes (e.g., attentional processing [45,101,188]), may be further investigated by 
modifying them in experimental research designs [e.g., 246].  

 
 

Physiological mechanisms of placebo and placebo-like effects 

The effects of the expectation inductions on the self-reported intensity of pain and 
other symptoms were our primary focus in this thesis. In addition, we investigated 
physiological responses to obtain a more comprehensive understanding of placebo and 
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placebo-like effects. More specifically, we assessed responses of the autonomic nervous 
system (i.e., heart rate, skin conductance, and alpha-amylase) and the endocrine system 
(i.e., cortisol) since these are known correlates of placebo and placebo-like effects 
[28,81,103,212,230], in addition to physical sensations such as pain [63,110,175,186,285]. 

Regarding the involvement of the autonomic nervous system, several clinical 
studies included in our meta-analysis (Chapter 3) showed reduced heart rate due to 
verbal suggestion of analgesia [28,230]. The only included study that examined 
physiological responses to imagery, found no evidence for effects on heart rate [92]. In 
Chapter 4, we found that neither the verbal suggestion of reduced physical sensitivity 
by the placebo pill nor imagery of a best possible health affected heart rate or skin 
conductance responses during the physical sensitivity tests, which is in line with the 
absence of effects on self-reported physical sensitivity. In Chapter 5, the observed 
effects of response imagery on pain were not paralleled by effects on heart rate and skin 
conductance (Study 1 and 2), nor alpha-amylase (Study 1). In contrast to these mostly 
negative findings, previous research in healthy samples did provide some evidence for 
the involvement of the autonomic nervous system in placebo and placebo-like analgesic 
effects [28,81,103,212,230], although various other studies could not confirm this 
[9,72,100,198].  

Regarding cortisol, the research in the current thesis does not provide evidence for 
its involvement in placebo and placebo-like effects. Both the clinical studies included in 
our meta-analysis (Chapter 3) [122,129,261] and our own experimental work (Chapter 5, 
Study 1) did not show the effects of the expectation inductions on pain to be paralleled 
by effects on cortisol levels. Also previous research in healthy samples did not provide 
evidence for its involvement in placebo analgesia [90,146]. 

In sum, there is some evidence in the literature for placebo and placebo-like effects 
on physiological responses, but this is inconsistent, and these effects were not found in 
the experimental studies reported in this thesis. These inconsistencies may partly be 
explained by large inter- and intra-individual variability. Particularly cortisol and alpha-
amylase levels, but also heart rate and skin conductance are known to vary considerably 
over time, as they are affected by many factors including a circadian rhythm, physical 
activity, and stress [63,163,186,249]. It might be that autonomic and endocrine measures 
can only reliably reflect relatively large effects [186,285], and that the effects in 
experimental placebo and placebo-like research are frequently too small and/or the 
studies insufficiently powered to observe such effects. Last, it is possible that cortisol is 
particularly involved in nocebo effects, due to induced stress responses [26,146], but that 
it plays a less prominent role in placebo and placebo-like effects. 
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Treatment characteristics 

In Chapters 3 and 6, we found that people’s expectancies and placebo and placebo-
like effects also depend on treatment characteristics, specifically the route of 
medication administration. In our meta-analysis (Chapter 3), subset analyses indicated 
that the effects of verbal suggestion and conditioning on patients’ pain were larger when 
they pertained to injections than when they pertained to orally or topically administered 
treatments. This is in line with the common belief that more invasive treatments have 
more powerful placebo effects [150,177,265]. We investigated this further in Chapter 6, 
looking into the underlying expectations about the effectiveness of medication 
administered orally, via injection, or topically for relieving both pain and itch. Our survey, 
in a large sample representative of the Dutch population, provides further support, 
albeit indirect, for the existence of differential placebo effects depending on treatment 
characteristics, and suggests that they also depend on the targeted symptom. 
Specifically, the finding that injections were expected to be most effective for pain relief 
is in line with our findings in Chapter 3 and again confirms the common belief that more 
invasive treatments can elicit more powerful placebo effects, as has also been observed 
in several previous studies [29,71,323]. Importantly however, for itch-relief topical 
medication was expected to be most effective, while injections came second, which 
implies symptom-specificity. Moreover, we found in Chapter 6 that a higher expected 
effectiveness of the pain- and itch-relieving medication administered via the different 
routes was significantly associated with expected safety and ease of use, but not or not 
substantially with side effects, being frightening, and cost. Together with previous 
research [18,87,152,169,192,203,265,294,323], our findings imply that expectancies are 
multiple-determined. That is, not just the invasiveness of the route of administration, 
but also other factors such as the type of targeted symptom, the primary symptom 
location, and the commonness of a route for the symptom, are likely to underlie the 
expectations that people hold about medication effectiveness and hence differential 
placebo and placebo-like effects. 

 
 

Individual differences 

Placebo and placebo-like effects are generally associated with substantial 
interindividual variability [135,236]. Throughout this thesis, we explored a variety of 
individual characteristics that might be associated with expectancies and variable effects 
of the expectation inductions. Regarding personality characteristics, particularly those 
that pertain to expectancies such as optimism and neuroticism, we did not find support 
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that they moderate the effects of verbal suggestion or imagery on pain, itch, or fatigue 
(Chapters 4 and 5). We also did not find these personality characteristics nor 
demographic characteristics, such as age, sex, educational level, and religious or 
ideological affiliation, to be associated with the expected effectiveness of pain- and itch-
relieving medication administered via different routes (Chapter 6). Also, health 
characteristics, such as the presence of chronic pain or itch and the frequency of 
medication use were not substantially correlated with the expected effectiveness of 
medication in our survey (Chapter 6). Overall, the current thesis does not provide 
evidence that certain individual characteristics can reliably predict placebo and placebo-
like effects. This is generally in line with the literature, in which a broad spectrum of 
possible predictors has been investigated in efforts to identify placebo responders, but 
in which no consistent predictors emerged [135,311]. Although methodological 
limitations of our and previous research should be considered (particularly relatively 
small, homogenous, and healthy samples), it seems unlikely at this point that a single 
individual characteristic can consistently predict placebo and placebo-like effects. It 
appears more probable that interactions between various stable and situational 
variables are at work. That is, the influence of personality and demographic 
characteristics might depend on situational variables like the targeted symptom or 
condition (e.g., type and chronicity) and specifics of an intervention (e.g., method of 
expectation induction and route of treatment administration) (Chapters 3 and 6). 
Furthermore, other individual characteristics that vary across contexts and that have 
previously been associated with placebo and placebo-like effects may be investigated 
further, such as patients’ desire and/or motivation for symptom relief [144,236,237,300], 
baseline symptom severity [311], baseline mood and stress [10,189-191,246], and 
psychopathology [170,179]. Last, biomarkers such as genetic variations have been found 
to be predictive [117].  

 
 

Limitations 

The work presented in this thesis naturally has several limitations. Here we expand 
on those limitations that are most important for the interpretation of our findings.  

First, we acknowledge that the effects observed in the current work were variable 
and not always statistically large (Chapters 3, 4, and 5). A comparison across the research 
presented in this thesis suggests that the method of inducing expectancies, the 
specificity and phrasing of the instructions, and the characteristics of the targeted 
symptoms might contribute to this variability. Further research is required to gain more 
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insight into how these factors can be utilized independently and interactively for 
maximizing placebo and placebo-like effects. 

Second, the generalizability of the current findings might be limited by the samples 
and methods included in the different studies. Especially the inclusion of healthy 
participants (young, mostly female students) and the use of short-lasting experimental 
sensations of moderate intensity in our experimental studies (Chapters 4 and 5) has 
limitations. Experimental research in healthy samples is highly suitable for research of 
new interventions and their mechanisms, but findings are not directly generalizable to 
clinical contexts. Our results from Chapter 3 do suggest that findings from experimental 
research in healthy participants might translate well to samples of patients who 
experience acute procedural pain. Also, within-study comparisons of placebo effects on 
experimentally evoked pain do not suggest differences between patients and healthy 
controls [166,179]. However, the effects on chronic pain were substantially smaller. 
Among others, the psychological mechanisms involved may differ between healthy 
participants and patients with acute or chronic symptoms [121,170], and may depend also 
on the type and intensity of the sensations. For example, anxiety, particularly anxiety 
about a specific symptom, may play a larger role in patients, especially when the 
symptom is intense and possibly indicative of a severe condition [183,321]. In this vein, 
studies directly comparing the effects between healthy and patient samples [166,179], 
and between experimental versus clinical pain are of great value [52,226,227]. In Chapter 
6 we were able to study a general sample, but also these findings may not directly 
translate to clinical practice, even though a substantial proportion of the sample 
experienced chronic pain and/or itch. 

Third, blinding is typically infeasible when studying psychological interventions. In 
our experimental studies and the studies included in the meta-analysis (Chapters 3, 4, 
and 5), participants were necessarily aware of the intervention they received. Even 
though we tried to maximize blinding, for example, by not informing participants about 
the existence or characteristics of different conditions and by including control 
conditions that might not have been recognized as such (e.g., imagery of hand in Chapter 
5, Study 1), performance bias might have occurred. It was also infeasible to blind 
outcome assessors of the primary outcomes since the participants rated these using self-
report measures. This possibly caused detection bias. Consequently, it cannot be 
excluded that participants were aware of the research aims or formed their own 
hypotheses about the research, and that they responded in a manner that they thought 
was expected from them (i.e., socially desirable responding). This could possibly be 
related to the absence of effects on corresponding physiological parameters in Chapter 
5, although that might be attributed chiefly to other factors, such as high inter- and intra-
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individual variability and/or sensitivity to relatively large effects only, as discussed 
above. Also, previous research did not find social desirability, assessed with 
questionnaires, to play a role in placebo and placebo-like effects [102,209,295]. 
Nonetheless, the involvement of response biases cannot be ruled out and may even be 
inherently involved in placebo and placebo-like effects [309]. 

Last, as the primary aim of our experimental studies (Chapters 4 and 5) was to 
assess the effects of the expectation inductions on the experienced intensity of pain and 
other symptoms, these studies might have not been sufficiently powered for our 
exploratory investigations of psychological mechanisms other than expectancies, 
physiological mechanisms, and individual differences. Therefore, these results should be 
interpreted carefully and adequately powered future research specifically focused on 
these factors is required to obtain more conclusive results.  

 
 

Future research directions 

Building on the placebo literature, the current thesis contributed to the knowledge 
on the influence of expectancies and expectation inductions on pain and other 
symptoms. Several promising directions for future research are highlighted in this 
section.  

 
Characteristics of expectation inductions 

First and foremost, further research into the different expectation inductions, 
particularly into the characteristics that determine their effectiveness, is warranted.  

Evidence for the effects of verbal suggestions about placebo and active treatments 
on patients’ pain relief is robust, but some open questions remain about how optimal 
effects can be achieved. There are indications that the induction of specific response 
expectancies might be more effective for relieving physical symptoms than general 
expectation inductions targeting multiple symptoms at once (Chapter 4) [132,257]. To 
study this further, direct head-to-head comparisons of more versus less specific 
inductions are required. Further research might also investigate the differential effects 
of precise phrasings of instructions. For example, short verbal suggestions merely about 
the outcome might be compared to more extensive suggestions also providing 
information about mechanisms or its common use. Also, the potential benefits of 
tailoring suggestions to the specific patient and situation might be a matter for future 
investigation.  
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Chapter 3 indicated that particularly placebo research of conditioning in clinical 
contexts is still in its infancy. To better understand the characteristics that determine 
the effects of conditioning procedures, additional experimental research should assess 
not only the effects of conditioning reinforced by verbal suggestion, but also those of 
conditioning alone. Future research, could additionally focus on to what extent previous 
treatment experiences transfer to current and future treatment outcomes using more 
ecologically valid designs, e.g., by comparing placebo effects between groups of patients 
who previously received medication at doses known to be differentially effective [6,178]. 
Furthermore, placebo-controlled drug reduction offers a promising possibility for 
utilizing conditioning processes in clinical practice [1,77,254], but further research into the 
potential and limitations of such procedures is required.  

Our findings provide initial evidence for using mental imagery to induce 
expectancies and thereby relieve physical symptoms. Future studies might replicate 
these findings and provide a better understanding of the characteristics of effective 
imagery interventions. As with suggestions, the influence of specificity and precise 
phrasings of instructions could be investigated. Furthermore, the potential benefits of 
creating personalized instead of standard images could be examined. This might be 
especially beneficial for rescripting the spontaneous dysfunctional images that many 
patients with chronic symptoms experience frequently [34,228]. 

Observational learning also plays a central role in the psychological learning 
theories [17,158,159], but it has scarcely been studied and, to our knowledge, only using 
experimental designs in healthy samples [58,139,307]. It does have clear clinical relevance 
as, among others, patients regularly consult other patients (e.g., via online fora). Future 
research could, for example, study how learning about other patients’ experiences, e.g., 
via written or recorded testimonies or via participation in patient associations, can affect 
treatment outcomes and how this can be addressed for maximizing these outcomes.  

Furthermore, future research might provide more clear insight into when and how 
the combination of multiple expectation inductions, each tapping into different learning 
processes, could maximize expectancy effects. As described above, certain 
circumstances such as the connection between the interventions are likely to be of 
importance and might be investigated further. Furthermore, next to the previously 
investigated combinations, reinforcing verbal suggestion by imagery of the suggested 
treatment outcome might be promising for maximizing placebo and placebo-like effects. 
Also, conditioning procedures using imagined rather than real-life stimuli might offer 
new options for eliciting placebo and placebo-like effects. For example, imagined pain 
relief might be used as an unconditioned stimulus instead of the commonly used 
reduction of experimental pain stimulation [65]. Alternatively, personalized images 
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associated with pain relief as conditioned stimuli might fit into more ecologically valid 
experimental conditioning paradigms as compared to commonly used abstract stimuli 
like specific colors. Notably, research into the combination of expectation interventions 
is particularly important for patients with chronic symptoms, given the likely long-term 
exposure to a multitude of factors that determine negative expectancies and possibly in 
turn symptom chronicity [233,320].  

In addition, the need for the use of a placebo and deception to establish 
expectancy effects deserves further attention. In our meta-analysis (Chapter 3), we saw 
that also suggestions about active treatments can enhance outcomes. And we found in 
two experimental studies (Chapter 5) that mere imagery of a response, without 
reference to a placebo or active treatment, could induce placebo-like effects. These 
findings indicate that administering a placebo is not necessary for harnessing placebo 
effects. Moreover, placebos are commonly administered in a deceptive manner, but this 
raises ethical issues in clinical practice [7] and is not necessary. One way in which 
placebos may be prescribed nondeceptively, is by openly informing patients that they 
are receiving a placebo and by teaching them about placebo effects. Several studies 
provide promising evidence that such open-label placebos can relieve irritable bowel 
syndrome symptoms [149], chronic low back pain [49], and allergic rhinitis symptoms [255]. 
Further mechanistic laboratory research, as well as large scale and longitudinal research 
into the induction of expectancies without a placebo and/or deception is required. 
Especially methods that involve neither a placebo nor deception, such as response 
imagery (Chapter 5) and adequately informing patients about the likely outcomes of 
active treatments, appear promising for implementation in clinical practice. 

Last, the influence of how and in which context an intervention is given is of 
interest. Especially the communication style of a clinician is important; attending to a 
patient in a warm and empathic manner and demonstrating competence has been 
found to enhance placebo and placebo-like effects [138,147,151,154,303]. Future research 
might additionally investigate the influence of context factors like being in a medical 
setting, the status of the clinician, the clinician’s own expectancies, and patient-clinician 
similarity e.g., in terms of sex, age, and cultural background [75,107,187]. 

 
Mechanisms of expectation inductions 

Knowledge on the psychological and physiological mechanisms could inform 
theoretical developments and might suggest ways for optimally utilizing placebo and 
placebo-like effects in clinical practice. 

 To begin with, future research may provide a more comprehensive understanding 
of the involvement of expectancies in placebo and placebo-like effects. To achieve this, 
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not only the assessment and modification of response expectancies is of relevance, but 
also that of stimulus and self-efficacy expectancies (Chapter 2). These kinds of 
expectancies are likely to play only a minimal role in laboratory settings, but may be 
important in clinical settings where patients can exert more control over their treatment 
and pain (e.g., taking a higher dose or refraining from painful movements). More 
extensive assessments could entail adding scales about the expected characteristics of 
a treatment (stimulus expectancy) or about the expected ability to tolerate the pain 
(self-efficacy expectancy). Next to expectancies, other psychological mechanisms, such 
as affect, might be investigated. This could, for example, be done using additive research 
designs, in which negative affect is concomitantly reduced (e.g., via relaxation [195]) or 
increased (e.g., via a social stress task [246]).  

The physiological mechanisms of placebo and placebo-like effects may become 
clearer when the inter- and intra-individual variability of autonomic and endocrine 
responses is better taken into account, as discussed above. Also other physiological 
mechanisms can be explored further, such as the involvement of endogenous opioids 
and dopamine [24]. Especially neuroimaging research appears promising; brain areas 
known to be involved in pain, expectancy, and affect processing have been found to be 
reliably involved in placebo and placebo-like analgesic effects [14]. Further research may, 
for example, examine the common and unique processes involved in the formation of 
expectancies via the different learning processes and in their effects on different 
symptoms and other outcomes.  

 
Generalization across symptoms and time frames 

As previously discussed, research into placebo and placebo-like effects has 
predominantly focused on pain. However, in Chapter 6 we saw that findings for pain do 
not directly generalize to other symptoms, even when underlying mechanisms largely 
overlap, as with itch [260,279]. Although placebo and placebo-like effects appear to be a 
general phenomenon [24], different outcomes may be differentially sensitive to the 
learning processes, and different psychological and physiological mechanisms may be 
involved. Thus, further research specifically looking into the influence of expectancies 
and the effects of expectation inductions on physical symptoms other than pain (e.g., 
itch and fatigue as studied in Chapters 3 and 6, and e.g., gastrointestinal and Parkinson 
symptoms [182,281]) is essential. It could be studied, for example, if response imagery 
might reduce itch when images of a cooling glove or of the application of menthol or 
other itch-relieving substance are used [216]. Also, head-to-head comparisons between 
the effects of expectation inductions on different physical symptoms would further 
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strengthen the knowledge on the generalizability of placebo and placebo-like effects 
across outcomes.  

Furthermore, the research in the current thesis, as well as the majority of previous 
research, only allows conclusions about the immediate effects of the expectation 
inductions. There are indications that expectancy effects can remain for an extended 
period of time [247], and that outcome expectancies can predict pain up to half a year 
later in prospective research [111], but more longitudinal research into the long-term 
effects of expectation interventions is required. 

 
Negative effects of expectancies 

In the current thesis, we focused on placebo and placebo-like effects, that is, on 
the positive effects of positive expectancies. However, people can also hold negative 
expectancies, for example about harmful side effects of a treatment or of symptom 
worsening over time. Although research is relatively limited, it has been shown that the 
effects of such negative expectancies, i.e., nocebo or nocebo-like effects, can be as large 
as or larger than placebo and placebo-like effects [61,225], and the same learning 
processes are putatively involved [59].  

Moreover, it has been theorized that positive expectancies may sometimes 
backfire when they are overly positive. The Affective Expectancy Model [318] poses that 
if there is a large discrepancy between one’s expectation (e.g., no pain) and the actual 
sensation (e.g., intense pain), and if one is aware of this, the experience may contrast 
away from the expectation (e.g., increased pain). Empirical evidence for these contrast 
effects exists in various fields (e.g., affect, social priming) [37,44,97,98], but is scarce in the 
context of physical symptoms. Unfulfilled positive expectancies may also have 
detrimental effects on the long run, e.g., by harming trust in one’s own expectations and 
in the clinician who gave the instructions, or even in health care in general [270,322]. 
Further research into the existence and determining factors of contrast effects and the 
long-term effects of unfulfilled expectancies might provide a clearer view of the limits 
of expectation inductions for relieving pain and other physical symptoms.  

 
 

Implications for clinical practice 

The research in the present thesis suggests that harnessing placebo and placebo-
like effects via expectation interventions is promising for enhancing outcomes of 
standard treatments in clinical practice, especially for pain treatments. Although further 
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empirical support is required, several practical recommendations can tentatively be 
made based on the current findings and literature. 

Given the important influence of expectancies on physical symptoms, clinicians 
might routinely assess patients’ expectations about their symptoms and about the 
effectiveness of the available treatment options. When a patient’s expectancies appear 
to be unrealistic (e.g., overly negative about possible treatment outcomes) or when a 
patient does not know what to expect, it may be advisable to use an expectation 
intervention to modify the patient’s expectancies and thereby improve the actual 
treatment outcomes.  

Our review of the literature (Chapter 3) showed that verbal suggestions are 
potentially the most effective for relieving pain, at least in the short term. This 
underlines the importance for clinicians to carefully consider the information they 
provide when administering a treatment. A clinician should clearly inform patients 
about, and emphasize, intended and expected positive outcomes of treatments. These 
suggestions are possibly most effective when they are specific, focusing on the primary 
symptom a patient is suffering from (Chapter 4) [132,257], but further evidence is required 
to determine the influence of specificity and other details of the phrasings of 
suggestions. 

The research described in Chapters 3, 4, and 5 suggests that also mental imagery 
can induce expectancies and thereby relieve pain, particularly imagery of the desired 
response might be beneficial. Although research into imagery as an expectation 
intervention is still in its infancy, imagery interventions are already used in clinical 
practice, generally with the purpose of relaxation and anxiety reduction during pain 
[231,232,291]. Imagery of future pain relief may be beneficial for (partly) preventing 
procedural pain, e.g., surgery pain. Imagery of pain relief may also provide a good 
alternative when other treatments during pain may be insufficient, infeasible, or 
undesirable. A strength of imagery is that it entails relatively active experiences, on 
which patients have a great deal of control, i.e., they can shape the image that is most 
fitting to the outcome they desire [228]. Furthermore, patients can use it independently 
at home, with possibly larger effects when practiced repeatedly [291]. This might 
potentially be facilitated via internet-based treatment with support of a therapist, as has 
been previously found to be effective for cognitive behavioral therapy for patients with 
chronic physical conditions [288]. 

Next to expectation interventions tapping into the learning processes of 
expectancies, we observed in Chapters 3 and 6 that the route of medication 
administration is associated with differential expectancies. Combined with previous 
literature, this suggests that when multiple treatment options are available, treatment 
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outcome might be improved by selecting or letting the patient choose the treatment 
about which the patient holds the most positive expectations [131,250] [but see 325]. In such 
a case, practical and ethical constraints such as differential costs and risks of the routes 
should be taken into consideration.  

The current thesis, in line with previous literature, does not suggest additional 
benefits for tailoring treatments based on personality or other individual characteristics, 
as no consistent predictors of outcomes were found. This might imply that everyone 
may in principle be able to profit from expectation interventions. 

In sum, patients may benefit when expectancies are taken into account in clinical 
practice, and, when appropriate, actively modified with expectation interventions. 
Notably, addressing patients’ expectancies does not need to cost extra time or financial 
resources, especially verbal suggestions are easily incorporated in regular practice. This 
might even reduce costs in the long term. In addition, teaching patients about the 
influences and mechanisms of placebo and placebo-like effects is important in view of 
raising awareness that expectancies significantly influence experiences. To successfully 
implement these approaches in everyday clinical practice, clinicians need to be trained 
in placebo and placebo-like effects and in methods for harnessing these effects 
optimally [e.g., 239]. These strategies will ideally be embedded in clinical guidelines [e.g., 

165]. 
 
 

Conclusion 

Taken together, the research into placebo and placebo-like effects presented in 
the current thesis provides further evidence for the effects of expectancies and 
expectation inductions on pain. Most notably, the current findings show that particularly 
verbal suggestion is promising for enhancing analgesic treatments, next to conditioning 
and mental imagery. Moreover, we found that mental imagery of pain reduction can 
induce expectancies and consequently analgesia. We additionally showed that people 
hold different expectations about the effectiveness of medication depending on the 
route of administration and targeted symptom, which can be associated with 
differential placebo effects. In conclusion, harnessing placebo effects by targeting 
expectancies is promising for enhancing standard clinical care of physical symptoms 
such as pain. 
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SAMENVATTING (DUTCH SUMMARY) 
 
Placebo-effecten zijn gezondheidsverbeteringen die optreden na toediening van 

een inactieve behandeling (i.e., placebo). Deze effecten worden doorgaans 
toegeschreven aan iemands verwachtingen over de heilzame werking van een placebo. 
Placebo-effecten zijn veelvuldig gevonden op pijn. Pijn kan ook beïnvloed worden door 
placebo-achtige effecten, dat wil zeggen, effecten die veroorzaakt worden door 
verwachtingen over een actieve behandeling of over de ervaring van pijn zelf. Ook 
andere lichamelijke klachten, zoals jeuk en vermoeidheid, kunnen beïnvloed worden 
door placebo- en placebo-achtige effecten, hoewel dit minder vaak onderzocht is. De 
behandeling van lichamelijke klachten kan mogelijk verbeterd worden door het 
benutten van deze effecten in de klinische praktijk. Om dat op een effectieve manier te 
doen is een beter begrip van placebo- en placebo-achtige effecten en van de rol van 
verwachtingen hierin van groot belang voor zowel onderzoekers als artsen.  

Het primaire doel van het huidige proefschrift was om te onderzoeken hoe 
placebo-effecten benut kunnen worden om pijn en andere lichamelijke klachten te 
verlichten. Hiervoor richtten we ons op verwachtingen. We onderzochten verschillende 
manieren om verwachtingen te beïnvloeden (i.e., verwachtingsinducties: verbale 
suggestie, conditionering en mentale verbeelding) om de effectiviteit voor het 
verlichten van lichamelijke klachten, met name pijn, te bepalen. Daarnaast 
onderzochten we de rol van behandelkenmerken (i.e., de toedieningsvorm van 
medicijnen) en individuele kenmerken (bijv. persoonlijkheidskenmerken) in placebo- en 
placebo-achtige effecten. 

 
In Hoofdstuk 2 vatten we de theoretische en empirische literatuur over de invloed 

van verwachtingen op pijn samen. In de meest invloedrijke psychologische 
leertheorieën spelen verwachtingen een centrale rol. Er kan onderscheid gemaakt 
worden tussen drie soorten verwachtingen: stimulus verwachtingen (met betrekking tot 
externe stimuli en gebeurtenissen, zoals het ontvangen van een recept voor medicatie), 
responsverwachtingen (met betrekking tot interne, onvrijwillige ervaringen, zoals pijn) 
en verwachtingen over zelfeffectiviteit (self-efficacy, met betrekking tot het vermogen 
om gedrag uit voeren, zoals het ondernemen van lichamelijke activiteiten ondanks pijn). 
Van deze drie soorten verwachtingen worden responsverwachtingen over het algemeen 
gezien als het kernmechanisme van placebo- en placebo-achtige effecten. Ook wordt 
gedacht dat zij de grootste invloed op pijn hebben, gezien ze direct betrekking hebben 
op de ervaring zelf. Doorgaans worden drie leerprocessen van verwachtingen 
omschreven: leren via instructies (bijv. verbale suggestie), leren via conditionering 
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(directe ervaring van de samenhang tussen stimuli en/of gebeurtenissen) en 
observationeel leren. Daarnaast kunnen verwachtingen mogelijk ook geleerd worden 
door mentale verbeelding. We beschreven ook complexere verwachtingsconcepten 
(bijv. optimisme) waarin de samenhang van verwachtingen met gerelateerde emoties 
en gedachten gevat is. Met name optimisme en het catastroferen over pijn bleken 
geassocieerd te zijn met pijn, maar ook vertrouwen, piekeren en neuroticisme bleken 
invloedrijk, hoewel het onderzoek hiernaar beperkter is. Alles bij elkaar genomen 
onderstreept ons literatuuronderzoek de belangrijke invloed van verwachtingen op pijn 
en vergroot het ons begrip van de complexiteit van verwachtingen. Het beïnvloeden van 
verwachtingen via de verschillende leerprocessen lijkt een veelbelovende manier om 
placebo- en placebo-achtige effecten te benutten. 

In Hoofdstuk 3 bestudeerden we in een meta-analyse systematisch de beschikbare 
empirische literatuur om de grootte van de effecten van korte verwachtingsinducties op 
de pijn van patiënten te bepalen. We vonden dat verbale suggestie, conditionering en 
mentale verbeelding de pijn van patiënten kunnen verlichten. Er was vooral sterk bewijs 
dat verbale suggestie over de pijnstillende eigenschappen van een (placebo of actieve) 
behandeling placebo- en placebo-achtige effecten op de pijn van patiënten kunnen 
veroorzaken; een substantieel aantal studies vond effecten die gemiddeld statistisch 
matig tot groot waren. Slechts enkele studies onderzochten conditioneringsprocedures, 
welke altijd versterkt werden door verbale suggestie. Verrassend was dat de effecten 
daarvan niet groter bleken dan die van enkel verbale suggestie. Korte 
verbeeldingsoefeningen (bijv. gebruik makend van beelden van pijnvermindering door 
verdoving) hadden relatief kleine, hoewel veelbelovende, effecten op de pijn van 
patiënten. We bekeken tevens verschillende factoren die de effecten van de 
verwachtingsinducties mogelijk beïnvloedden. Opmerkelijk was dat de effecten van 
verbale suggestie op experimenteel opgewekte pijn en met name op acute procedurele 
pijn (bijv. pijn na een operatie) substantieel groter waren dan de effecten op chronische 
pijn (bijv. voortdurende zenuwpijn). Verder vonden we indicaties dat verbale suggestie 
effectiever was wanneer deze naar geïnjecteerde placebo’s refereerde, dan wanneer 
deze naar orale of lokaal op de huid toegediende placebo’s refereerde. Samenvattend 
suggereert onze meta-analyse dat de bevindingen van experimenteel onderzoek naar 
klinische situaties gegeneraliseerd kunnen worden in het geval van acute procedurele 
pijn, hoewel in mindere mate in het geval van chronische pijn. Verwachtingsinterventies, 
vooral verbale suggestie, zijn hiermee veelbelovende methoden voor het optimaliseren 
van reguliere pijnbehandelingen in de klinische praktijk, in ieder geval in acute gevallen.  

In Hoofdstuk 4 onderzochten we de effecten van zowel verbale suggestie als 
mentale verbeelding op pijn, jeuk en vermoeidheid als indicatoren van lichamelijke 

178 | 



 

 

gevoeligheid. In deze experimentele studie vertelden we een gezonde groep 
deelnemers dat een (placebo) capsule de gevoeligheid voor lichamelijke sensaties (zoals 
pijn, jeuk en vermoeidheid) kan verminderen. We vonden dat deze suggestie de 
verwachtingen van de deelnemers over de effecten van de capsule sterk beïnvloedde. 
Ook een nieuw ontwikkelde mentale verbeeldingsoefening waarin deelnemers zich hun 
best mogelijke gezondheid voorstelden, beïnvloedde de positieve en negatieve 
toekomstverwachtingen van de deelnemers. Echter, noch de verbale suggestie, noch de 
verbeeldingsoefening, noch de combinatie van beide beïnvloedde de lichamelijke 
gevoeligheid van de deelnemers, zoals bleek uit hun zelf-gerapporteerde en 
fysiologische reacties op experimenteel opgewekte pijn, jeuk en vermoeidheid. We 
vonden evenmin bewijs dat individuele verschillen, zoals de neiging van deelnemers om 
meer of minder optimistisch te zijn, hun reacties beïnvloedden. Deze bevindingen 
suggereren dat verwachtingseffecten niet altijd optreden. Mogelijk hangen ze, onder 
andere, af van de mate van specificiteit van de interventies, waarbij een focus op 
meerdere sensaties tegelijk of gezondheid in het algemeen minder effectief is dan een 
focus op een specifieke ervaring. 

In Hoofdstuk 5 onderzochten we of een nieuw ontwikkelde verbeeldingsoefening 
die specifiek gericht is op pijn placebo-achtige effecten kan opwekken. In de eerste van 
twee experimentele studies verbeeldden gezonde deelnemers zich dat ze minder pijn 
zouden ervaren tijdens een daaropvolgende pijnlijke koudwatertaak. Dit deden ze door 
zich een warme, waterdichte handschoen voor te stellen. De resultaten toonden dat de 
verbeelding van pijnvermindering (i.e., responsverbeelding) latere pijn kan 
verminderen. Belangrijk is dat deze effecten verklaard konden worden door de 
verwachtingen van de deelnemers over de latere pijn (i.e., responsverwachtingen). De 
effecten op pijn gingen echter niet gepaard met corresponderende fysiologische 
reacties (bijv. lagere hartslag). De tweede studie repliceerde deze bevindingen. In deze 
studie vonden we verder dat een aanvullende verbale suggestie over de effectiviteit van 
de verbeeldingsoefening de pijnstillende effecten niet of nauwelijks versterkte. 
Bovendien zagen we dat individuele kenmerken ook in deze studies de effecten niet 
voorspelden. Beide studies tonen dat placebo-achtige effecten op pijn opgewekt 
kunnen worden met responsverbeelding. Responsverbeelding lijkt daarmee een 
veelbelovende methode voor de behandeling van pijn, zelfs nog voordat de pijn 
daadwerkelijk optreedt. 

In Hoofdstuk 6 bekeken we verschillen in placebo-effecten van diverse 
toedieningsvormen van medicijnen (wat we ook in Hoofdstuk 3 zagen) door in een 
online vragenlijstonderzoek de onderliggende verwachtingen te meten. Een grote 
steekproef, representatief voor de Nederlandse bevolking, scoorde de verwachte 
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effectiviteit van zowel pijn- als jeuk-verlichtende medicijnen in verschillende 
toedieningsvormen: oraal, via injectie of lokaal op de huid. Overeenkomstig met onze 
eerdere bevindingen verwachtten respondenten dat injecties het meest effectief 
zouden zijn voor het verlichten van pijn. Voor het verlichten van jeuk daarentegen 
verwachtten respondenten dat lokaal toegediende medicijnen het meest effectief 
zouden zijn. Deze bevindingen geven aan dat de verwachte effectiviteit van medicijnen, 
en daarmee placebo- en placebo-achtige effecten, afhangen van zowel de 
toedieningsvorm als van de behandelde klacht. Aanvullende analyses toonden dat een 
hogere verwachte effectiviteit samenhing met verwachtingen dat de medicijnen langer 
aanhoudende effecten, een snellere werking, een grotere veiligheid en groter 
gebruiksgemak hebben. De verwachte effectiviteit was niet of slechts zwak geassocieerd 
met verwachte bijwerkingen, prijs en mate waarin de toedieningsvorm als beangstigend 
werd gezien. Ook individuele verschillen in demografische kenmerken, gezondheid, 
frequentie van medicijngebruik en persoonlijkheidskenmerken hingen niet of slechts 
zwak samen met de verwachte effectiviteit. Alles bij elkaar genomen suggereren deze 
bevindingen dat invasieve behandelingen niet per se krachtiger zijn dan minder 
invasieve behandelingen. In plaats daarvan spelen ook andere factoren een rol, zoals 
het soort klacht dat behandeld wordt en mogelijk ook de locatie van de klacht en de 
gangbaarheid van een specifieke toedieningsvorm voor de klacht. 

 
Tot besluit onderstrepen de bevindingen van het onderzoek in dit proefschrift de 

invloed van verwachtingen op pijn en het potentieel van verwachtingsinterventies voor 
het verbeteren van de behandeling van pijn en andere lichamelijke klachten. We vonden 
dat placebo- en placebo-achtige effecten opgewekt kunnen worden via verbale 
suggestie, conditionering en mentale verbeelding. Vooral verbale suggestie lijkt de 
korte-termijneffecten van pijnbehandelingen te verbeteren bij patiënten. We vonden 
bovendien, voor het eerst, dat mentale verbeelding van verminderde pijn (i.e., 
responsverbeelding) pijnvermindering kan veroorzaken via de effecten op 
responsverwachtingen. Daarnaast zagen we dat verwachtingen over de effectiviteit van 
medicijnen ook afhangen van de toedieningsvorm en de behandelde klacht. 
Concluderend kunnen we stellen dat het benutten van placebo-effecten door ons te 
richten op verwachtingen veelbelovend is voor het verbeteren van de reguliere 
behandeling van lichamelijke klachten zoals pijn. 
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