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Itch is a common symptom of many conditions and diseases (1), and the most common 

somatosensory symptom in dermatological conditions such as psoriasis and atopic dermatitis 

(2). It is estimated that almost one in every four people worldwide suffer from chronic itch (> 

6 weeks) at some point in their life (2-8). Chronic itch can be a considerable burden for patients 

and is associated with an impaired quality of life, a reduction in social activities, lowered sleep 

quality, concentration problems, and depression (2, 9, 10). Unfortunately, treatments have 

variable and often suboptimal effectiveness (11, 12). Scratching may have an important role 

in the maintenance and exacerbation of skin conditions due to a vicious itch-scratch circle (12, 

13). Over the past years, studies have highlighted that psychological factors, like cognitions, 

emotions, and behavior, can modulate itch and affect treatment outcomes (13, 14). A factor 

considerably influencing the experience of itch is treatment expectancies, which can result in 

placebo and nocebo effects (14-17). So far, little research has been conducted on the role of 

placebo and nocebo effects on itch.  

Placebo and nocebo effects 

Placebo effects are positive treatment effects, unrelated to the treatment mechanism, 

which are induced by patients’ expectations of improvement (18, 19). Nocebo effects, the 

placebo effects’ counterpart, are negative treatment effects, induced by patients’ 

expectations of worsening (20). It is known that placebo and nocebo effects play a role in the 

outcome of treatment effects in a wide range of symptoms and conditions like Parkinson’s 

disease, gastrointestinal disorders, fatigue, nausea, pain, and itch. A sham treatment such as 

a fake pill or an inert cream can relieve symptoms merely due to the patient’s expectation 

that the treatment will be helpful (e.g., placebo effects), and worsen symptoms when negative 

treatment effects are expected (i.e., nocebo effects) (21). In a similar way, a patient’s 

expectations can enhance or diminish the treatment effects of a real treatment. Both placebo 

and nocebo effects are most commonly observed on self-reported outcomes like subjective 

levels of pain or itch. However, also behaviorally effects can be seen. For example, placebo 

and nocebo effects can influence tolerance to pain or fatigue and thereby improve or worsen 

physical performance for example in athletes (22). Moreover, extensive neurobiological 

research in different fields also indicates that placebo and nocebo effects can be characterized 
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by changes in brain processes as well as by responses from the immune, neuroendocrine or 

the autonomic nervous system (23, 24).  

In comparison to pain, placebo and nocebo effects have only incidentally been studied 

on itch. A meta-analysis of clinical trials demonstrated that placebo effects can contribute 

substantially to the treatment of itch in patients with atopic dermatitis, psoriasis, and 

idiopathic urticaria (25). The patients in the placebo arm of the trials showed a 24%-reduction 

in itch symptoms after a placebo treatment with a medium to large effect size (25). With 

regard to nocebo effects, first indications stem from studies on ‘contagious itch’. These studies 

demonstrated that watching other people scratching, viewing itch related pictures (e.g., 

pictures of rash or lice), or discussing itch can induce the sensation of itch in healthy persons 

and patients with chronic itch (26, 27). Expectations are supposed to play an important role 

in contagious itch (28). Behaviorally, from studies on contagious itch, there is evidence that 

these effects on itch are also visible on scratching behavior. For example, when participants 

watched videos of people scratching compared to control videos, they not only reported 

higher overall itch ratings but also scratched more frequently, with largest effects for patients 

with chronic itch (27). Experimental research also indicated that placebo and nocebo effects 

could be induced regarding experimentally evoked itch by using for example histamine or 

electrical stimulation in healthy participants and patients (16, 17, 29). In these studies placebo 

and nocebo effects were induced by verbal suggestions that elicit expectations for lower 

(placebo) or higher (nocebo) itch in the participants. However, methods other than verbal 

suggestions to induce placebo and nocebo effects have hardly been systematically studied in 

itch. 

Learning in placebo and nocebo effects 

Placebo and nocebo effects are a consequence of learned responses, of which 

expectancies are believed to be the core mechanism (30, 31). Expectancies entail cognitions 

about future events, experiences, and behavior, and can be formed by various types of cues 

(verbal, conditioned, and social). In experimental placebo and nocebo research, expectations 

are most often induced by verbal suggestion or conditioning procedures (32). 
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Verbal suggestion 
Verbal suggestion in placebo research can be described as verbal instructions and 

persuasive communication regarding the outcome of a certain placebo or active treatment as 

a form of instructional learning (32). Verbal suggestion is often provided verbally (e.g., by a 

doctor during a consult), but can for example also be provided in written form (e.g., possible 

side effects of medication in patient leaflet). Verbal suggestions regarding placebos have been 

found to induce effects that can be similar to effects of active treatments (19, 33-36). For 

example, in one study regarding histamine-evoked itch in healthy individuals, a placebo cream 

along with the verbal suggestion that it was an ‘anti-histamine’ cream that would decrease 

itch, led to a significant reduction in itch in comparison to a control group in which the placebo 

cream was provided without verbal suggestion (29). Moreover, verbal suggestion can also 

produce nocebo effects (37), and some studies indicated that verbally providing negative 

information once, can be as strong as the direct experience of negative outcomes (i.e., 

conditioning, see next paragraph)(38). One of the first studies on verbal suggestion and 

nocebo-like effects (i.e., when verbal suggestions are not attributed to a nocebo stimulus like 

a sugar pill) on itch found that patients with atopic dermatitis (AD) reported more itch and 

had a stronger skin response to a topical histamine application when exaggerated verbal 

suggestions were given regarding possible skin reaction, than when downplayed suggestions 

were given (16). These findings are supported by an experimental study in healthy individuals 

investigating the role of verbal suggestion in nocebo-like effects regarding mechanical-, 

electrical- and histamine itch stimuli (17). Participants who were told that 95% of the healthy 

people experience itch from the stimuli to be applied reported significantly higher levels of 

evoked itch than those who were told that only 5% of the healthy people experience itch from 

the stimuli. Across different symptoms and conditions, verbal suggestion has provided robust 

evidence for the formation of placebo as well as nocebo effects (35, 38, 39), and also for itch 

several studies have confirmed the role of verbal suggestion in placebo and nocebo effects 

(16, 17, 29, 40).  

Conditioning 
Conditioning in the context of placebo research is an associative learning procedure in 

which the experience of a treatment outcome plays a central role. This has mainly been 

investigated with regard to pain (33, 41, 42). After repeated associations between a 

conditioned stimulus (CS), which can be represented by several contextual cues (e.g., color 
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and shape of a pill), and an unconditioned stimulus (US) (e.g., the active agent inside the pill), 

the CS alone (e.g., placebo pill) can induce a conditioned response (CR) that is similar to that 

induced by the active drug, i.e., symptom reduction (33, 42-45). An example in clinical practice 

is when a patient experiences itch relief directly after taking regularly used medication, before 

the effects of the active ingredients can take place. In an experimental study in patients with 

atopic dermatitis, conditioning of expectations of pain decrease was achieved by repeatedly 

surreptitiously reducing the intensity of a painful stimulation when a placebo ointment was 

applied (46). Results showed that patients as well as healthy individuals experienced less pain 

after the conditioning procedure along with the verbal suggestion that the ointment was pain 

reducing. Moreover, results were more robust than when only verbal instructions were 

provided without the conditioning procedure (46). Placebo research generally shows that 

whereas verbal suggestion can induce short-term placebo and nocebo effects, conditioning 

seems particularly relevant to elicit longer term placebo and nocebo effects (31, 47). With 

regard to itch, only few studies investigated the effects of conditioning (with verbal 

suggestion)(48, 49). Napadow and colleagues showed that patients with AD experienced more 

itch from a saline skin prick test when they expected a real allergen, due to previous exposure 

to the real allergen, than when they were told it was saline (48). Van de Sand and colleagues 

(49) conditioned nocebo effects in healthy participants regarding thermal modulation of 

histamine-evoked itch and used a TENS device as placebo. When testing for effects, 

participants experienced increased itch when they were told the TENS device was active as 

compared when they were told it was not active, although the intensity of the stimulation was 

identical (49). In these studies on itch, and also in most studies in other fields like pain, 

conditioning is combined with verbal suggestion. Because of this entanglement, comparative 

effects of verbal suggestion versus conditioning are largely unclear. Research investigating the 

comparative and additive effects of the learning procedures verbal suggestion and 

conditioning is warranted.  

Counteracting nocebo effects 
Whereas several studies focused on how to maximize placebo responses, there have 

been surprisingly few attempts to develop interventions to minimize or reverse nocebo 

effects. Nocebo effects are not only inherently unpleasant to the individuals who experience 

them but can also cause substantial social and economic burden (50). Some studies have tried 

to identify factors contributing to nocebo effects such as patients’ personality characteristics 
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or physicians’ communication style, and made some first recommendations how formation of 

nocebo effects could be minimized (20, 51, 52). However, the induction of nocebo effects 

cannot always be prevented. Therefore, it is essential to develop strategies to reverse or 

counteract the substantial harm caused by nocebo effects once they are established. 

So far, two studies investigated whether established nocebo effects (33), or nocebo-like 

effects (53), can be reduced using verbal suggestion procedures. Benedetti and colleagues 

(54) showed that previously conditioned nocebo effects on induced ischemic arm pain in 

healthy individuals were completely counteracted by positive verbal suggestions. In the same 

study, positive verbal suggestions also counteracted the nocebo effects on motor 

performance of the previous conditioning in patients with Parkinson disease (33). A study 

from Crichton and colleagues investigated symptom reporting (physical and psychological e.g., 

headache or worrying) due to windfarm sound. Participants were exposed twice to the same 

windfarm sound, first after watching a DVD containing negative information about the 

windfarm sound and the second time after watching a DVD containing positive information. 

Results showed that whereas during the first exposure to windfarm sound nocebo-like effects 

were induced, during the second exposure the nocebo-like effects were returned to baseline 

or even decreased from baseline, indicating placebo-like effects (53). The results of these 

studies imply that it might be possible to reduce or reverse previously established nocebo 

effects by positive verbal suggestions.  

Extinction is another learning strategy investigated to reverse conditioned nocebo 

effects (55, 56). Extinction implies the unlearning of a relationship between the conditioned 

stimulus (e.g., color and shape of a pill) and conditioned response (e.g., increase in itch) after 

the cues are repetitively presented without the unconditioned stimulus (US) (e.g., the active 

agent inside the pill). Whereas placebo effects on pain have shown to extinguish due to 

extinction (57-59), nocebo effects on pain seem more resistant to extinction (38, 55, 60). 

Other strategies might possibly be more effective in reducing established nocebo effects. 

Given that learning through conditioning is one of the mechanisms playing a critical role in 

establishing nocebo effects, counteracting by conditioning, i.e., counterconditioning, might 

provide a powerful strategy to reduce nocebo effects. Counterconditioning has so far mainly 

been investigated with regard to fear and evaluative conditioning paradigms (61-63). Results 

show that counterconditioning can effectively change previously conditioned effects (61-63). 
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Since extinction seems not sufficient to reduce conditioned nocebo effects, 

counterconditioning in combination with verbal suggestions might be a promising method to 

reduce nocebo effects. 

Generalization of placebo and nocebo effects  
 Generalization describes the transfer of formerly gained information to novel stimuli 

and situations, often as a result of similarity between the original and novel situation (64, 65). 

Generalization of conditioned responses has been well established in fear conditioning 

research (66, 67). An initially neutral stimulus (CS) is repeatedly paired with an aversive 

stimulus such as an electric shock. Generalization occurs when after a few CS-US pairings, not 

only the CS alone, but also a novel stimulus related to the CS, elicits a fear response. To 

illustrate, a person might experience fear of all kinds of dogs after one negative experience 

with one specific aggressive dog. Also in placebo research, initial studies have shown that 

placebo and nocebo effects can generalize to related stimuli or modalities. Analgesic and 

hyperalgesic effects on pain perception have shown to generalize to novel stimuli perceptually 

or conceptually related to the CS (64, 68). Moreover, generalization of placebo and nocebo 

effects to different modalities can occur. It has been shown that placebo effects induced on 

pain can generalize to fatigue (69) or to emotion (70-74). To illustrate, in the experimental 

study from Carlino and colleagues (69) pain was induced using painful stimulation on the 

fingers and pain tolerance was manipulated using a conditioning procedure on pain intensity 

and providing verbal suggestion that pain tolerance would increase and fatigue would 

decrease by the activation of sham electrodes (placebo). Next, participants were subjected to 

a motor endurance task using a finger flexor device that measured the ability to continue a 

physical task despite fatigue. Results showed that when applying the previously used placebo 

electrodes during this motor task, participants reported a reduction in fatigue and showed an 

increase in the number of flexions (69). Similarly, also with regard to itch, generalization of 

placebo and nocebo effects might occur, for example with regard to different itch stimuli or 

scratching behavior. However, this has not yet been investigated.  

Individual differences 

The magnitude of placebo and nocebo responses has been shown to highly vary among 

individuals (35, 47, 75). This suggests that differences in individual characteristics may affect 
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placebo and nocebo responding (76). Many studies have attempted to identify these 

individual characteristics, mostly focusing on multifaceted expectancy constructs, i.e., 

personality characteristics that are related to expectations like optimism (characterized by 

expecting generally positive outcomes) or neuroticism (characterized by expecting generally 

negative outcomes) (77). Studies have for example found that more optimistic people show 

greater placebo responses than less optimistic people (78-80), and neuroticism has been 

shown to be negatively related with placebo effects (30, 81). However these results could not 

always be replicated (82, 83). Next to personality characteristics, also affective and cognitive 

factors have been proposed to contribute to placebo and nocebo responding, like state 

anxiety, stress, memories about the past, and expectations about the future (cognitive 

schemas) (47, 80, 84). At this moment, no conclusive set of predicting individual 

characteristics has been identified.  

With regard to placebo and nocebo effects on itch, research on the role of individual 

characteristics is very limited. A study by Scholz and Hermans (16) on nocebo-like effects on 

itch showed that responders had significant higher trait anxiety scores, greater subjective 

feelings of illness, more illness-related social problems, and catastrophized more about the 

disease consequences. Another study on placebo and nocebo-like effects assessed the role of 

personality characteristics neuroticism, social desirability, imaginative involvement, and 

suggestibility, but found no significant correlations with placebo or nocebo effects on itch (17). 

Furthermore, also research into contagious itch has explored the possible predicting role of 

individual characteristics (27). In patients with chronic skin diseases, the degree of contagious 

itch and scratching have found to be associated with agreeableness, self-consciousness, and 

depression (85, 86). In healthy individuals, neuroticism and state anxiety were linked to the 

extent of induced contagious itch (87, 88). Again, these findings in patients as well as healthy 

individuals could not always be replicated (85, 86, 89). Considering the limited amount of 

research (i.e., mainly on contagious itch) and inconsistent findings, it is unclear what individual 

characteristics may predict placebo and nocebo effects on itch. 

Aim and outline thesis  

This thesis aims to increase understanding of experimentally induced placebo and 

nocebo effects on itch. Specifically, the individual and combined effectiveness of the 
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expectation inductions of verbal suggestion and conditioning, the possibility to reverse 

nocebo effects, the generalizability of nocebo effects on itch to scratching and another 

somatosensory itch stimulus, and the role of individual characteristics in placebo and nocebo 

effects on itch were investigated. 

Chapter 2 includes a brief review of what is known about placebo and nocebo effects 

on itch. We discuss the link between placebo and nocebo effects on itch and previous studies 

on contagious itch. Furthermore, predictors of contagious itch and placebo and nocebo effects 

on itch are discussed. 

Chapter 3 presents the results of an experiment studying the individual and combined 

effects of different expectation inductions on placebo and nocebo effects on itch. Specifically, 

we assess the effects of verbal suggestion, conditioning, and the combination of verbal 

suggestion and conditioning on electrically induced itch in healthy individuals. Additionally, 

the involvement of several individual characteristics is explored. 

Chapter 4 describes an experiment studying the reversibility of nocebo effects on itch. 

Hereby we assess whether nocebo effects induced by conditioning and verbal suggestion can 

be reversed using a positive expectation induction combining conditioning and verbal 

suggestion. We also investigate the possible generalization of nocebo effects with regard to 

electrically induced itch to a different itch stimulus, i.e., histamine iontophoresis. 

Furthermore, the role of individual characteristics in placebo and nocebo effects is explored. 

Chapter 5 reports on an experiment in which the generalizability of nocebo effects from 

itch to scratching behavior is studied. Specifically, we investigate whether nocebo effects and 

reversed nocebo effects on electrically induced itch (see Chapter 4) generalize to scratching 

behavior. Additionally, generalization of effects on scratching behavior evoked by the itch 

stimulus histamine is explored. 

Chapter 6 presents the results of a study on interindividual differences in placebo and 

nocebo responding on itch. Within an experimental study on placebo and nocebo effects on 

itch, we investigate the role of individual cognitive schemas of itch related memories and 

expectations in placebo and nocebo responding on itch. Specifically, we assess the role of 

specificity and valence of autobiographical memories and expectations that are related to itch 

in placebo and nocebo responding on itch.  
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Chapter 7 provides a general summary and integrative discussion of the results 

described in the different studies. Moreover, limitations, clinical implications and future 

directions are presented. 
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Abstract 

Placebo and nocebo effects have been extensively studied in the field of pain and more 

recently also on itch. In accordance with placebo research on pain, expectancy learning via 

verbal suggestion or conditioning has shown to induce placebo and nocebo effects on itch, in 

which the combination of both procedures seems most promising. Moreover, itch can also be 

transferred ‘contagiously’ in which suggestion and social behavioural learning seem to play a 

role. With regard to predictors of placebo and nocebo responding on itch and contagious itch, 

preliminary evidence suggests a role for individual psychological characteristics and 

personality traits regarding negative outcome expectancies. Although findings on placebo and 

nocebo effects on itch seem comparable to pain, we have only just begun to understand the 

underlying mechanisms and predictors of placebo and nocebo effects on itch
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Introduction 

Placebo and nocebo effects are known to play a key role in treatment effects of various 

symptoms and conditions, and have extensively been studied, particularly in the field of pain. 

Similar to pain, itch is a somatosensory sensation that can be a considerable burden for 

patients, especially when symptoms are chronic. Evidence for the role of placebo and nocebo 

effects on itch has increased over the last decade. The suggestibility of itch is underlined by 

literature on ‘contagious itch’: watching other people scratching or discussing itch can induce 

the sensation of itch and an urge to scratch (e.g. Papoiu et al., 2011; Schut et al., 2015a). More 

direct evidence has been provided by a recent meta-analysis of clinical trials showing that 

placebo effects can contribute substantially to the treatment of itch in patients with 

dermatological conditions (van Laarhoven et al., 2015). In addition, various experimental 

studies have shown that placebo and nocebo effects can influence the experience of itch (e.g. 

Scholz and Hermanns, 1994; van Laarhoven et al., 2011; Bartels et al., 2014; Darragh et al., 

2015). 

With regard to the underlying psychological and neurobiological mechanisms, there is a 

large body of evidence underscoring the importance of expectancy learning in eliciting 

placebo and nocebo responses (Colloca and Miller, 2011; Colloca et al., 2013). In view of the 

considerable interindividual variance in placebo and nocebo responding, a main question to 

be answered is whether placebo and nocebo responses can be predicted. In other words: who 

is a placebo/nocebo responder and who is not? Although this question has been under 

investigation, predominantly in the field of pain, the concerning literature is still scarce and 

incongruent (Colloca et al., 2013). 

This review aims to provide a state of the art overview of recent and current placebo 

and nocebo research on itch in comparison with previous findings on pain, with a special 

emphasis on the underlying mechanisms of expectancy learning and possible predictors. 

Effects and mechanisms in placebo and nocebo effects on itch 

Placebo research across different symptoms and conditions has identified verbal 

suggestion, social learning, and conditioning as main mechanisms in the induction of placebo 

and nocebo effects (Enck et al., 2008; Colloca and Miller, 2011; Colloca et al., 2013). 
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Particularly social behavioural learning and suggestion seem also to play a role in contagiously 

transferred itch. Social learning implies learning by observing others, whereby the behaviour 

of the demonstrator modifies the subsequent behaviour of the observer (Colloca and Miller, 

2011). For example, it has been shown that a lecture about itch along with presenting pictures 

of insects, scratch marks, and allergic reactions, increases itching and accompanying 

scratching behaviour in an audience, as compared to a neutral lecture (Niemeier and Gieler, 

2000). The phenomenon of contagious itch has also systematically been examined in both 

patients and healthy subjects. In one study, patients with atopic dermatitis (AD) and healthy 

subjects watched a video either with people scratching or with neutral content, while a 

histamine or a placebo stimulus was administered. The patients who watched the video with 

people scratching reported significantly more itch and scratched more frequently than the 

patients who watched the neutral video, not only when receiving histamine but also during 

the placebo stimulus. This increase in self-reported itch and scratching behaviour was not 

observed in the healthy subjects in this study (Papoiu et al., 2011). However, several other 

studies on contagious itch demonstrated significant increases in itch and scratching in both 

patients and healthy subjects (Ogden and Zoukas, 2009; Holle et al., 2012; Lloyd et al., 2013; 

Ward et al., 2013; Schut et al., 2014), with some studies demonstrating more pronounced 

responses in patients with chronic itch than in healthy subjects (Papoiu et al., 2011; Schut et 

al., 2014). In addition, Holle et al. (2012) attempted to identify neural brain networks involved 

in the generation of contagious itch. Functional Magnetic Resonance Imaging data indicated 

that when subjects watched video clips of someone scratching in comparison to control video 

clips, neural regions linked to the physical perception of itch, including the anterior insula, 

premotor cortex, primary somatosensory cortex and prefrontal cortex, were activated. 

In line with research on pain, nocebo effects have been investigated in several 

experimental studies in which expectations regarding itch stimuli were induced by verbal 

suggestion. Verbal suggestion consists of delivering instructions for benefit or worsening so 

that the subject expects improvement or worsening of symptoms, respectively (Colloca and 

Miller, 2011; Colloca et al., 2013). One of the first studies on verbal suggestion and itch found 

that patients with AD reported more itch and had a stronger skin response to a topical 

histamine application when exaggerated verbal suggestions were given, than when 

downplayed suggestions were given (Scholz and Hermanns, 1994). These findings are 
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supported by a study in healthy subjects investigating the role of verbal suggestion in nocebo 

effects regarding mechanical-, electrical- and histamine itch stimuli (van Laarhoven et al., 

2011). Participants who were told that 95% of the healthy people experience itch from the 

stimuli to be applied reported significantly higher levels of evoked itch than those who were 

told that only 5% of the healthy people experience itch from the stimuli. Further evidence for 

the role of verbal suggestion in nocebo effects on itch comes from a study investigating the 

neurobiology of nocebo effects in patients with AD (Napadow et al., 2013). This study showed 

that patients experienced more itch from a saline skin prick test when they expected a real 

allergen than when they were told it was saline. Their functional Magnetic Resonance Imaging 

data showed that when applying saline while patients expected a real allergen, similar brain 

responses were observed as with the previously applied real allergen, with greater activation 

in the striatum and the dorsolateral prefrontal cortex. These regions have previously also been 

linked to placebo- or nocebo-induced brain processes related to pain and its regulation (Enck 

et al., 2008; Colloca et al., 2013).  

Also placebo effects on itch can be induced by verbal suggestion. In a recent 

investigation in healthy subjects a significant reduction in self-reported itch was found during 

histamine application when verbal suggestions for reduced itch and wheal size where given in 

comparison to a control procedure (Darragh et al., 2015). With regard to wheal size no 

significant decrease due to the verbal suggestion was demonstrated. The latter finding is 

consistent with a prior study of the same research group, in which no significant placebo effect 

on skin reaction was found after a verbal suggestion procedure concerning reduced wheal size 

in comparison to a control procedure (Darragh et al., 2013). Such findings are in line with 

research on pain, showing that verbal suggestions alone are insufficient to induce 

physiological indications of a placebo or nocebo response. 

Whereas placebo research has generally shown that verbal suggestion can induce short-

term placebo and nocebo effects on self-reported pain, conditioning seems particularly 

relevant to induce longer term placebo and nocebo effects on pain and physiological 

responses (Colloca et al., 2013). A conditioning procedure comprises of simulating benefit or 

worsening by pairing a neutral stimulus (e.g. shape, colour and size of a placebo pill) with an 

unconditioned stimulus (e.g. the pharmacological effect of a drug or a stimulus that is 

surreptitiously lowered or increased, respectively), which leads to a learned association 
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(Colloca et al., 2013). In an experimental study Bartels et al. (2014) examined the role of 

conditioning in inducing placebo and nocebo effects on itch in healthy subjects. Expectations 

regarding electrical itch stimuli were induced by verbal suggestion, conditioning or a 

combination of both procedures, and compared with a control group without expectation 

induction. The conditioning procedure consisted of the pairing of visual cues with 

surreptitiously lowered or increased itch stimuli. Particularly, the combination of conditioning 

and verbal suggestion was demonstrated to be effective in inducing placebo and nocebo 

effects on itch. Data from a study in patients with AD also emphasize the added value of 

conditioning in placebo effects on itch (Sölle et al., 2014). More specifically, itch was induced 

experimentally and patients were randomly assigned to one of three groups: (1) antihistamine 

+ conditioning and verbal suggestion; (2) antihistamine and verbal suggestion; (3) saline + 

conditioning and verbal suggestion. The conditioning procedure consisted of the pairing of 

antihistamine or saline with decreased itch sensations. Results showed that all three patient 

groups reported less itch compared to baseline measurement. More importantly, the group 

receiving antihistamine with a verbal suggestion and conditioning procedure reported 

significantly less itch compared to the antihistamine group with solely verbal suggestions. 

Conditioning procedures have also shown to affect physiological placebo responses 

related to itch. In a study in patients with allergic rhinitis, Goebel et al. (2008) carried out a 

pharmacological conditioning procedure in which an H1-receptor antagonist was paired with 

a novel-tasting drink on five consecutive days, after which, in the evocation phase, the H1-

receptor antagonist was replaced by a placebo. In the evocation phase, patients reported less 

subjective symptoms (combined score that included itch) and showed a reduced skin response 

to the skin prick test when administering the drink along with a placebo pill (Goebel et al., 

2008). A study in patients with house dust mite allergy revealed similar results in subjective 

symptoms and wheal size after a comparable pharmacological conditioning procedure with 

desloratadine and a novel-tasting drink (Vits et al., 2013). Interestingly, placebo effects were 

not only observed in the pharmacologically conditioned group but also in the placebo 

conditioned group. In both groups, a significant decrease in subjective symptoms and wheal 

size was found when compared to the natural history group. These preliminary effects on 

conditioning inflammatory skin reactions in itch are consistent with previous research showing 
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that conditioning procedures can induce placebo and nocebo effects on physiological 

processes including immune responses and hormone secretion (Enck et al., 2008). 

In summary, there is considerable evidence that both placebo and nocebo effects on 

itch can be induced by expectancy learning via verbal suggestion and conditioning. Similar to 

research in pain, verbal suggestion particularly seems to affect subjective measures of self-

reported itch, while conditioning might be necessary for inducing physiological responses such 

as wheal size. The combination of verbal suggestion and conditioning seems most promising 

for inducing placebo and nocebo effects on itch. Suggestion and social behavioural learning 

might play a role in contagious itch. However, more research regarding social learning and 

other possible mechanisms in contagious itch and placebo and nocebo effects is warranted. 

Predictors of placebo and nocebo effects on itch 

The magnitude of placebo and nocebo responses, for example, regarding pain, has been 

shown to highly vary among subjects (Petersen et al., 2014). It has been proposed that 

individual characteristics like personality traits might affect placebo and nocebo responding, 

but up to now no specific set of predicting characteristics has been identified. With respect to 

itch, potential individual characteristics predicting placebo and nocebo responding have not 

systematically been inventoried yet. 

With regard to contagious itch and nocebo effects on itch, psychological characteristics 

and personality traits related to negative outcome expectancies seem to be of importance in 

predicting effects on itch, although evidence is mixed. Specifically, higher levels of neuroticism 

and state anxiety have been found to be associated with higher levels of contagious itch in 

healthy subjects (Ogden and Zoukas, 2009; Holle et al., 2012). In a study in patients with 

chronic itch, depression, but not neuroticism and anxiety, has been shown to significantly 

predict experienced contagious itch (Schut et al., 2014). Depressive symptoms and trait 

anxiety have also been found to be significantly correlated with nocebo responses on itch 

(Scholz and Hermanns, 1994; Bartels et al., 2014). Although neuroticism was not found to be 

associated with nocebo responding (van Laarhoven et al., 2011; Bartels et al., 2014), more 

worrying was associated with a greater nocebo response (Bartels et al., 2014). The tendency 

to worry about itch, as indicator of negative outcome expectancies, has also shown to worsen 

clinical itch in a prospective study in patients with psoriasis (PS) (Verhoeven et al., 2009). 
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Moreover, a study investigating the role of individual characteristics in placebo effects on itch 

in the placebo arm of a dermatological clinical trial showed that placebo responders, rather 

than placebo non-responders, were more likely to report that they did not tend to be 

unusually sensitive to most drugs (Garshick et al., 2014). This finding corresponds to earlier 

findings in pain demonstrating for example that a negative attitude towards medication can 

be related to a smaller placebo response (Kamping, 2014). Markedly, until now hardly any 

significant associations with regard to individual characteristics related to positive outcome 

expectancies and placebo responses on itch have been found (van Laarhoven et al., 2011; 

Bartels et al., 2014; Garshick et al., 2014). This is in contrast with studies investigating placebo 

responses on pain, which found for example evidence that optimists might be better placebo 

responders (Colloca et al., 2013). 

Other individual characteristics investigated in relation to itch placebo responding or 

contagious itch include agreeableness and public self-consciousness. In contagious itch, lower 

agreeableness and the combination of lower agreeableness and higher public self-

consciousness were found to predict increased scratching behaviour in patients with PS (Schut 

et al., 2014), and higher public self-consciousness also predicted greater self-reported itch in 

patients with PS (Schut et al., 2015b). In healthy subjects, however, these individual 

characteristics did not predict contagious itch or scratching (Schut et al., 2014, 2015b). 

Similarly, in a dermatological clinical trial no significant difference in public self-consciousness 

was found between the placebo responders and the placebo non responders (Garshick et al., 

2014). In addition, with regard to nocebo effects on itch, higher levels of imagination (Scholz 

and Hermanns, 1994) and lower levels of extraversion (Bartels et al., 

2014) and have been found to be associated with greater nocebo responses. The role of 

imaginative involvement or suggestibility, however, was not confirmed by a study on placebo 

and nocebo effect on itch, nor was there a significant association between social desirability 

and placebo or nocebo responding (van Laarhoven et al., 2011). 

Preliminarily data on the role of individuals’ memories and expectations related to itch 

suggests that cognitive schemas regarding itch might be associated with placebo and nocebo 

responses on itch. In this study, conducted by our research group, several test previously 

validated in pain and other conditions, measuring specificity of memories (Autobiographical 

Memory test) (Williams and Broadbent, 1986), specificity of expectations (Future Event Task) 
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(Williams et al., 1996), and valence of memories and expectations (Self-referential 

endorsement and recall task) (Pincus et al., 1995), were modified for itch and applied in 

healthy subjects before a placebo and nocebo induction protocol. Explorative results revealed 

some associations between a higher specificity of itch-related memories with a greater 

nocebo effect, as well as a higher specificity of itch-related expectations with a greater placebo 

effect. The latter finding with regard to future expectations (but not the finding with regard 

to memories) is in accordance with theories underlying autobiographical memory and future 

expectations, showing that people who are more specific in their memories and expectations, 

experience less depressive symptoms as well as other negative outcomes (Williams et al., 

1996, 2007). Explorative results further suggest that valence of memories and expectations 

do not seem to systematically influence placebo and nocebo responding, but associations 

were found between more reported expectations regarding itch related words and a smaller 

nocebo effect. More research into the predicting role of cognitive itch schemas in placebo and 

nocebo responding is needed. In particular, research in patients with chronic itch is warranted, 

as they might have altered cognitive schemas as a consequence of long-term suffering from 

itch. 

As far as itch is concerned, no neurobiological studies have been conducted on the 

prediction of placebo and nocebo responding. Several studies on pain have, however, 

identified brain patterns in, e.g., emotional appraisal circuits and pain regulation as predictors 

of individual differences in placebo responses on pain (Wager et al., 2011). Furthermore, no 

research regarding genetic predictors has been conducted yet with regard to placebo 

responding on itch, in contrast to some preliminary evidence in pain (Colloca et al., 2013). 

Taken together, research on predictors of placebo and nocebo responses on itch is still 

very preliminary, with some indications for the role of individual characteristics related to 

negative outcome expectancies and possible promising findings for concepts related to 

memories and future expectations. 

Conclusions 

Clinical and experimental research shows that placebo and nocebo effects can play a 

significant role on itch. Similar to placebo research on pain, expectancy learning via verbal 

suggestion and conditioning plays a key role in placebo and nocebo effects on itch. 
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Additionally, exclusively for itch, itch can also be transmitted contagiously, in which social 

behavioural learning might to play a role. Comparable to pain, suggestion procedures seem 

sufficient to induce short term nocebo effects and possibly also placebo effects on itch, 

however, learning by conditioning seems necessary to induce physiological effects. Up to now, 

the combination of conditioning and verbal suggestion seems most promising for inducing 

both placebo and nocebo effects on itch and its physiological correlates. In future studies, 

exploring the combined effect of expectancy learning by suggestion and/or conditioning with 

contagious itch manipulations in placebo and nocebo effects on itch is recommended. With 

regard to predicting placebo and nocebo responses on itch, including contagious itch 

responses, psychological characteristics and personality traits related to negative outcome 

expectancies seem to be of importance. These finding are similar to research findings in pain. 

Additionally, also research investigating neurobiological mechanisms underlying placebo and 

nocebo effects on itch is needed. Particularly in patients with chronic itch symptoms, 

knowledge on the role of expectancy learning mechanisms and possible predictors in placebo 

and nocebo effects on itch is warranted. Clinical practice could directly benefit from this 

knowledge, to improve existing itch treatments for patients with skin conditions suffering 

from chronic itch. 
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Abstract 

Placebo and nocebo effects are known to play a key role in treatment effects in a wide 

variety of conditions. These effects have frequently been investigated with regard to pain and 

also in other physical sensations, but have hardly been investigated with regard to itch. In 

addition, neither in pain nor in any other physical sensation, the single and combined 

contribution of the expectancy mechanisms of conditioning and verbal suggestion have ever 

been investigated in both placebo and nocebo effects within one design. For the first time, 

the role of verbal suggestion and conditioning in placebo and nocebo effects on itch was 

experimentally investigated. Expectations about itch stimuli were induced in healthy subjects 

by verbal suggestion, conditioning, or a combination of both procedures, and compared with 

a control group without expectation induction. Itch was induced electrically by means of 

quantitative sensory testing. Significant placebo and nocebo effects were induced in the group 

in which combined procedures of conditioning and verbal suggestion were applied in 

comparison with the control group. The conditioning and verbal suggestion procedures 

applied individually did not induce significant placebo and nocebo effects when compared 

with the control group. The results of this study extend existing evidence on different physical 

sensations, like pain, by showing that also for itch, the combination of conditioning and verbal 

suggestion is most promising in inducing both placebo and nocebo effects. More research on 

placebo and nocebo effects at a perceptive and neurobiological level is warranted to further 

elucidate the common and specific mechanisms underlying placebo and nocebo effects on 

itch and other physical sensations.  
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Introduction  

Placebo and nocebo effects are treatment effects, unrelated to the treatment 

mechanism, which are induced by patients’ expectations of improvement or worsening 

respectively [1–3]. Placebo and nocebo effects are known to contribute to the outcome of 

treatment effects for a range of symptoms and conditions like Parkinson’s disease, 

gastrointestinal disorders, nausea, fatigue and pain [1,3–8]. In contrast to the extensive 

placebo research mainly on pain, hardly any placebo research has focused on itch, which is a 

common symptom of several conditions and diseases, such as dermatological and systemic 

diseases, and can be a considerable burden to patients especially when symptoms are chronic 

[9,10]. Moreover, itch particularly seems highly susceptible to suggestion, as demonstrated 

by the phenomenon of ‘‘contagious’’ itch: e.g., watching someone scratch himself can induce 

a sensation of itch in the perceiver (e.g., [11,12]). Therefore, placebo and nocebo effects might 

be relevant to itch in particular.  

Mechanisms underlying placebo and nocebo effects have extensively been investigated, 

especially in the field of pain. Expectation induction mechanisms of verbal suggestion and 

conditioning have been identified as central processes eliciting placebo and nocebo effects, 

by decreasing or increasing symptoms respectively, when administering an inert (placebo) 

treatment or agent [2,13,14]. With regard to pain, verbal suggestion has been shown to induce 

short-term nocebo effects, whereas conditioning is particularly relevant to induce placebo 

effects and more robust nocebo effects [13,15,16]. Also in other physical sensations such as 

fatigue and nausea conditioning seems to be particularly relevant [5,8,17]. With regard to itch, 

the role of conditioning in placebo or nocebo effects has not been investigated yet, although, 

there is some evidence for the role of verbal suggestion in placebo and nocebo effects on itch. 

For example, patients with atopic dermatitis react more strongly to histamine after nocebo-

related itch suggestions [18], and in a previous experiment, we showed that verbal suggestion 

alone can induce nocebo and possibly also placebo effects on itch [19].  

Most studies investigating the role of conditioning in placebo and nocebo effects applied 

conditioning in combination with verbal suggestion. The few studies that used a conditioning 

procedure without verbal suggestion yielded mixed results [20– 23]. Hardly any research has 

compared the single and combined contributions of verbal suggestion and conditioning to 

placebo effects. Moreover, to the best of our knowledge, no direct comparison of verbal 
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suggestion, conditioning, and the combination of both has been made yet with regard to 

nocebo effects within one design. 

The aim of this study was to investigate the role of verbal suggestion and conditioning 

in both placebo and nocebo effects on itch. Alike pain and other physical sensations, it was 

hypothesized that the expectation induction, particularly the combination of conditioning and 

verbal suggestion, would result in decreased (placebo) and increased (nocebo) itch in 

comparison to a control procedure. In addition, it was explored whether individual 

characteristics related to negative (e.g., neuroticism) or positive (e.g., optimism) outcome 

expectancies were associated with individual placebo and nocebo responses [13,24–27]. 

Methods 

Ethics statement 
The study was approved by the regional medical ethics committee CMO regio Arnhem-

Nijmegen and follows the rules stated in the Declaration of Helsinki. All participants gave 

written informed consent and were reimbursed for their participation. 

Participants and general procedure 
Healthy subjects were recruited at the campus of the Radboud University Nijmegen, 

Nijmegen, the Netherlands. Exclusion criteria were severe morbidity (e.g., skin disease, 

multiple sclerosis, diabetes mellitus), psychiatric disorders (e.g., depression), color blindness, 

regular use of medication in the last 3 months, use of pacemaker, and current or past chronic 

itch or pain. Participants were told that the purpose of the study was to determine sensitivity 

to itch stimuli. At least one week prior to the experiment, a session took place in which 

previous experiences and expectations of sensations such as itch and pain of all subjects were 

assessed (results not reported here). In addition, subjects were sent self-report questionnaires 

about individual characteristics to be completed at home. As one subject unexpectedly went 

abroad after the first session, 95 subjects completed the experiment. All 95 subjects were of 

Dutch nationality, and were aged 18 years or older (mean age 22.7 ± 3.2 years); 77% were 

women. Of the subjects, 54% had a partner (13% married or living with a partner) and 58% 

used hormonal contraceptives. On the test day, the mean baseline levels of itch and pain were 

0.5 (SD = 0.8) and 0.5 (SD = 0.7), respectively, as rated on a visual analogue scale (VAS) ranging 

from 0 (no itch/pain at all) to 10 (worst itch/pain ever experienced). 
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Test day procedure 
For the test day, all subjects were asked to refrain from drinking coffee, tea, or energy 

drink from one hour before testing, which took place at a fixed time in the afternoon. A 

schematic overview of the study is displayed in Figure 1. At first, all subjects held their hands 

in a warm water bath at about 32°C for 3 minutes [28], in order to attain a comparable baseline 

wrist skin temperature among participants. Then the itch thresholds were determined by 

gradually increasing the intensity of the electric current with a ramping procedure (see 

Methods; Itch induction). Thereafter, subjects were randomly assigned to one of four groups, 

using a computer generated randomization list. Since the instructions given to the subjects 

differed in accordance with the group the subjects were allocated to, only subjects were 

blinded for the randomization to different groups. In line with previous conditioning studies 

of nocebo and placebo effects on pain [15,16], the experimental session comprised two 

phases: a learning phase and a testing phase. In both phases, itch stimuli were preceded by 

visual cues (colored lights, i.e., green, yellow, and red lights) displayed on a computer screen. 

The learning phase consisted of two blocks, in which either no expectations were induced or 

participants received verbal suggestion, conditioning, or a combination of both procedures, 

to induce expectations about the intensity of the itch stimuli. In this phase, itch stimuli of a 

varying intensity were applied, preceded by a cue (6x green, 6x yellow, and 6x red cue). In the 

testing phase, itch stimuli were all applied at medium intensity, preceded by a cue (5x green, 

5x yellow, and 5x red cue). After the threshold measurements and in-between the different 

experimental blocks, there was a standardized 10-minute break in which participants were 

provided with a selected number of magazines to read with a neutral content (about nature 

and home decoration), and they were offered a small snack and herbal tea or water (see also 

Fig. 1) 

 

Figure. 1. Flow diagram showing the experimental procedures of the study in chronological order. 
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Experimental groups and control group 
The experimental design is displayed in Figure 2. In the verbal suggestion group, 

expectations of low, neutral, and high levels of itch were raised in subjects by telling them that 

different cues (colored lights on the computer screen) indicated that the stimulus intensity 

would be altered. This change would be brought about by a third electrode, which was actually 

a placebo or sham electrode (inactive electrode): ‘‘A green light will signal the activation of 

the third electrode that induces a decrease in the intensity of the itch stimulus. A red light will 

signal an increase in the intensity of the itch stimulus by the activation of the electrode, and 

the yellow light will indicate that the third electrode is turned off and will not change the 

intensity of the itch stimulus’’. Regardless of the color of the cue displayed, all stimuli had a 

medium intensity. In the conditioning group, expectations of low, neutral, and high levels of 

itch were raised in subjects by the repeated pairing of the green, yellow, and red cues with 

low, medium, and high itch stimulus intensities, respectively. The current intensities (mA) for 

the low, medium, and high stimulus intensities were determined according to the participants’ 

individual itch thresholds (see Methods; itch induction). No verbal suggestion was given to 

avoid any verbal suggestion effects, i.e., subjects were not given information about the 

stimulus intensity, but were merely told that several itch stimuli would be applied after the 

presentation of color cues. In the conditioning with verbal suggestion group, the conditioning 

procedure and the verbal suggestion procedure were combined, thus applying stimuli of low, 

medium, and high intensity concurrently with the green, yellow, and red cues, respectively, 

and the corresponding verbal suggestion. In the control group, no expectations regarding the 

itch stimuli were induced, neither by verbal suggestion nor by conditioning, i.e., subjects were 

not given information about the colored cues or stimulus intensity, and itch stimuli were given 

independently of the colored cue at a predetermined random order at low, medium, and high 

intensity. Unlike in the learning phase, in the testing phase only stimuli of medium intensity 

were applied in all groups. The verbal suggestion given in the testing phase corresponded with 

the verbal suggestion given in the learning phase (See Fig. 2. for the experimental design). 
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Figure. 2. Experimental design. Subjects were randomly assigned to one of four groups: verbal 

suggestion; conditioning; verbal suggestion with conditioning; and control. In the learning phase verbal 

suggestion and conditioning procedures depended on the experimental group. In the testing phase the 

verbal suggestion was in correspondence with the verbal suggestion applied in the learning phase, 

while all participants received itch stimuli of a medium intensity.  

Itch induction 
Itch was induced by means of electrical stimulation by a constant current stimulator 

(Isolated Bipolar Constant Current Stimulator DS5, Digitimer, United Kingdom), and delivered 

to the inner side of the non-dominant wrist through two surface electrodes (a disk electrode 

of ø 1 cm and a reference electrode of ø 2 cm, VCM Medical, the Netherlands). The stimulator 
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was coupled to a data acquisition system (NI-DAQmx, National Instruments, Hungary), which 

was controlled by a laptop. One electrode was applied 1.5 cm proximal to the triquetrum, at 

the center of the inner wrist, while the reference electrode was applied 2 cm below. A third 

(sham) electrode was placed about 1 cm left from the two real electrodes and attached to the 

back of the stimulator. Stimuli were applied at 50-Hz frequency with a pulse duration of 100 

µs [29] and at a continuously increasing current intensity (0.05 mA/s) up to a maximum current 

intensity of 5 mA. After each stimulus, participants were asked to report the level of itch on a 

visual analogue scale (VAS) ranging from 0 (no itch at all) to 10 (worst itch ever experienced). 

The following thresholds were measured three times by gradually increasing the current 

intensity from 0 mA up to the intensity at which the respective threshold had been reached: 

‘‘the first moment you feel some itch’’ (IT1); ‘‘the first moment you feel the urge to scratch’’ 

(IT2); and ‘‘the first moment you cannot resist the urge to scratch’’ (IT3). The mean of these 

thresholds was used for the calculation of the individual current intensities of the low, 

medium, and high itch stimulus applied in the experimental phase. In-between every stimulus 

applied in the learning and testing phase, there was a 2-minute interval, in which filler tasks 

(e.g., puzzles) were given to diminish possible influence of itch evoked by previously applied 

stimuli on subsequent stimuli. The interval could be extended to a maximum of 4 minutes if 

the level of itch after 2 minutes was ≥2 on a VAS. 

Questionnaires 
Individual psychological characteristics of optimism, hope, neuroticism, extraversion, 

negative affect and worrying were assessed by means of self-report questionnaires, previously 

shown to have satisfactory reliability and validity. 

Optimism 

The Revised Life Orientation Test (LOT-R) [30] was used to measure optimism, the 

tendency to expect positive outcomes. The LOT-R consists of 10 items scored on a 5-point 

Likert scale ranging from 0 (‘‘Strongly Disagree’’) to 4 (‘‘Strongly Agree’’). Total scores range 

from 0 to 24, with higher scores indicating higher levels of dispositional optimism. In the 

present study, Cronbach’s alpha was 0.79. 

Hope 

The Dispositional Hope Scale (DHS) was used to measure hope, the tendency to 

experience a reciprocally derived sense of successful agency and pathways [31,32]. The DHS 
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consist of 12 items scored on a 8-point Likert scale ranging from 1 (‘‘Definitely False’’) to 8 

(‘‘Definitely true’’), with higher scores indicating higher levels of hope. In the present study, 

Cronbach’s alpha was 0.78. 

Neuroticism & Extraversion 

The Eysenck Personality Questionnaire (EPQ) was used to measure neuroticism, the 

tendency to experience more negative affect and negative outcome expectations, and 

extraversion, the tendency of having more outgoing, talkative, and energetic behavior [33]. 

The neuroticism and extraversion subscales consist of 22 and 19 ‘‘yes/no’’ items, respectively. 

Higher scores indicate higher levels of neuroticism and extraversion. In the present study, 

Cronbach’s alpha was 0.84 for neuroticism and 0.86 for extraversion. 

Negative affect 

The Hospital Anxiety and Depression Scale (HADS) was used to measure negative affect 

characterized by symptoms of depression and anxiety [34]. The HADS consists of 14 items 

scored on a 4-point Likert scale ranging from 0 (‘‘no problem’’) to 3 (‘‘severe problem’’), with 

higher scores indicating higher levels of negative affect. In the present study, Cronbach’s alpha 

was 0.80. 

Worrying 

The Penn State Worry Questionnaire (PSWQ) [35] was used to measure worrying, which 

includes the tendency to experience more negative outcome expectancies. The PSWQ consists 

of 16 items scored on a 5-point Likert scale, ranging from 1 (‘‘not at all typical of me’’) to 5 

(‘‘very typical of me’’), with higher scores indicating greater worrying. In the present study, 

Cronbach’s alpha was 0.93. 

Statistical analysis 
All analyses were performed using SPSS 20.0 for Windows (SPSS Inc. Chicago, Illinois, 

USA). Analyses of variance (ANOVA) and Chi-square tests were used to test for baseline 

differences in demographic variables between the four groups. Means of the VAS itch scores 

were calculated for the learning and testing phases in all groups. Variables were checked for 

outliers and skewness as these can severely limit the usefulness of the mean as measure for 

location. Since there was no indication of problems in this respect, untransformed variables 

were analyzed. In order to be able to measure nocebo and placebo effects, i.e., by an increase 

or a decrease in itch respectively, an intermediate itch intensity was introduced by applying a 
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stimulus at medium intensity preceded by a yellow cue along with a neutral expectation. The 

nocebo effect was then defined as the difference between the mean itch VAS scores 

associated with the five red cues and the five yellow cues in the testing phase, and the placebo 

effect was defined as the difference between the mean itch VAS scores associated with the 

five green cues and the five yellow cues in the testing phase. Univariate analyses of variance 

(ANOVAs) were performed with group as between-subject factor for nocebo and placebo 

effects, in order to test the hypothesis, i.e., that the experimental groups would display 

significant nocebo and placebo effects in comparison with the control group. Post hoc Dunnett 

tests were conducted to compare the experimental groups separately with the control group. 

The effectiveness of the expectation induction procedures was also exploratively assessed 

during the learning phase. Again, separate ANOVAs and post hoc Dunnett tests were 

performed as described above, exploring the difference in itch VAS scores between the green- 

or red- and yellow-associated stimuli in the learning phase. Exploratively, in the three 

experimental groups Pearson correlation coefficients were calculated between the nocebo 

and placebo effects and questionnaire scores for individual characteristics. For all analyses, 

the level of statistical significance was set at p<0.05. 

Results 

Experimental and control groups 
Randomization of the subjects across the different experimental and control groups 

resulted in a total of 23 subjects in the verbal suggestion group, 24 subjects in the conditioning 

group, 23 subjects in the conditioning with verbal suggestion group, and 25 subjects in the 

control group. There were no significant between-group differences with regard to age, 

gender, use of hormonal contraceptives, and baseline levels of itch and pain on the test day. 

Nocebo effects 
Learning phase for induction of nocebo effects. Table 1 displays the mean (±SD) itch VAS 

scores evoked by the stimuli associated with the red and yellow cues during the learning phase 

for the four groups. When exploring whether the difference in the levels of electrically evoked 

itch (i.e., red minus yellow cue) would be larger in the three experimental groups than in the 

control group, Univariate analysis of variance (ANOVA) revealed a significant between group 

effect (F(3,91) = 49.528, p<0.001). Post hoc Dunnett tests indicated a significantly larger itch 
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VAS difference score between the red- and yellow-associated stimuli, for the verbal suggestion 

group (p<0.001), the conditioning group (p<0.001) and the conditioning with verbal 

suggestion group (p<0.001) as compared with the control group. 

Table 1. Means and standard deviations for itch VAS scores in the learning phase for the different 

groups 

 Itch VAS scores (M ± SD) 

Group Green cue Yellow cue Red cue 

Verbal suggestion 4.56 ± 1.81 4.77 ± 1.78 5.39 ± 1.83 

Conditioning 3.73 ± 2.07 4.54 ± 2.09 5.84 ± 2.01 

Conditioning & Verbal suggestion 2.37 ± 1.75 3.97 ± 1.34 6.04 ± 1.55 

Control 3.52 ± 2.00 3.43 ± 2.01  2.87 ± 1.68 

Means (M) and standard deviations (SD) of the visual analogue scale (VAS) scores for itch in the verbal 

suggestion group (n = 23), conditioning group (n = 24), conditioning with verbal suggestion group (n = 

23) and control group (n = 25) in the learning phase. 

Testing phase nocebo effects. Table 2 displays the mean (±SD) itch VAS scores evoked 

by the stimuli associated with the red and yellow cues during the testing phase for each group 

(in which all stimuli were applied at medium intensity), and the mean nocebo effect for each 

group is shown in Figure 3. Univariate ANOVA showed a significant difference in the 

magnitude of the nocebo effect in the different groups (F(3,91) = 2.995, p = 0.035). Post hoc 

Dunnett tests comparing the experimental groups with the control group indicated a 

significant nocebo effect in the conditioning with verbal suggestion group (p = 0.020), a 

borderline significant nocebo effect in the verbal suggestion group (p = 0.063), and no 

significant nocebo effect in the conditioning group when compared with the control group 

(See Fig. 3.). 
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Table 2. Means and standard deviations for itch VAS scores in the testing phase for the different groups 

 Itch VAS scores (M ± SD) 

Group Green cue Yellow cue Red cue 

Verbal suggestion 3.20 ± 1.91 3.60 ± 1.91 3.87 ± 2.05 

Conditioning 3.30 ± 1.87 3.41 ± 1.80 3.59 ± 1.87 

Conditioning & Verbal suggestion 2.42 ± 1.68 3.28 ± 1.71 3.65 ± 2.00 

Control 2.33 ± 1.62 2.65 ± 1.87  2.38 ± 1.70 

Means (M) and standard deviations (SD) of the visual analogue scale (VAS) scores for itch in the verbal 

suggestion group (n = 23), conditioning group (n = 24), conditioning with verbal suggestion group (n = 

23), and control group (n = 25) in the testing phase. 

Placebo effects 
Learning phase for induction of placebo effects. Table 1 displays the means and standard 

deviations (SD) of the itch VAS scores evoked by the stimuli associated with the green and 

yellow cues during the learning phase for the four groups. When exploring whether the 

difference in the levels of electrically evoked itch (i.e., yellow minus green cue) would be larger 

in the three experimental groups than in the control group, Univariate analysis of variance 

(ANOVA) revealed a significant group effect (F(3,91) = 16.742, p<0.001). Post hoc Dunnett 

tests indicated a significantly larger itch VAS difference score between the green-and yellow-

associated stimuli, for the conditioning group (p = 0.002) and the conditioning with verbal 

suggestion group (p<0.001), as compared with the control group. In the comparison to the 

control group, the verbal suggestion group did not differ in itch VAS difference score between 

the green- and yellow-associated stimuli. 

Testing phase placebo effects. Table 2 displays the mean (±SD) itch VAS scores evoked 

by the stimuli associated with the green and yellow cues during the testing phase for each 

group (in which all stimuli were applied at medium intensity), and the mean placebo effect for 

each group is shown in Figure 4. Univariate ANOVA showed a significant difference in the 

magnitude of the placebo effect in the different groups (F (3,91) = 6.154, p = 0.001). Post hoc 

Dunnett tests comparing the experimental groups with the control group indicated a 

significant placebo effect in the conditioning with verbal suggestion group (p = 0.009), but no 
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significant differences in the placebo effect were found in the verbal suggestion group or the 

conditioning group when compared with the control group (See Fig. 4.). 

 
Figure. 3. Means and standard error of the mean of the visual analogue scale (VAS) itch scores for the 

nocebo effect (change VAS score between the red and yellow cues) of the four groups in the testing 

phase. The asterisks show the level of significance related to the post hoc Dunnett comparison of the 

nocebo effect between the experimental groups and the control group (**p < 0.01; *p < 0.05; t = p < 

0.10).  

Individual characteristics 
Nocebo effect. In the conditioning with verbal suggestion group, significant correlation 

coefficients were found between a greater nocebo response and more worrying (r = 0.485; p 

= 0.019), more negative affect (r = 0.433; p = 0.039), less hope (r = –0.452; p = 0.030), and 

lower levels of extraversion (r = –0.511; p = 0.013), but not with neuroticism or optimism. No 

significant correlations were found in the other experimental groups. 

Placebo effect. The magnitude of the placebo effect was not significantly correlated with 

the individual characteristics of optimism, hope, extraversion, neuroticism, negative affect, 

and worrying in any of the three experimental groups, except for a significant correlation 

coefficient between a greater placebo effect and less hope in the conditioning with verbal 

suggestion group (r = –0.507; p = 0.014). 
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Figure. 4. Means and standard error of the mean of the visual analogue scale (VAS) itch scores for the 

placebo effect (change VAS score between the green and yellow cues) of the four groups in the testing 

phase. The asterisks show the level of significance related to the post hoc Dunnett comparison of the 

placebo effect between the experimental groups and the control group (**p < 0.01; *p < 0.05; t = p < 

0.10). 

Discussion 

For the first time, expectation induction procedures of verbal suggestion, conditioning 

and the combination of both were investigated with regard to both nocebo and placebo 

effects on itch. Results show that nocebo and placebo effects can be induced on itch, with the 

strongest effects elicited by a combination of conditioning and verbal suggestion rather than 

by either procedure alone. These results are in line with research in nocebo and placebo 

effects on pain and other physical sensations such as nausea and fatigue (e.g., [5,8,13,15]). 

The subjects receiving both conditioning and verbal suggestion procedures had 

significantly higher (nocebo) and lower (placebo) levels of induced itch than did the subjects 

receiving the control procedure. Additional support for these findings was found in the 

learning phase, during which there was a similar pattern of changes in itch VAS scores in 

response to nocebo and placebo cues. These findings are consistent with earlier research on 
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pain which showed that the combination of conditioning and verbal suggestion evoked robust 

hyperalgesic and analgesic effects [13,15,36]. Moreover, when verbal suggestion procedures 

were combined with conditioning, generally larger and longer-lasting nocebo and placebo 

effects could be induced when compared with these procedures alone [13,15,20,22,23,36,37]. 

In addition, also in other physical symptoms further support has been found for the 

combination of conditioning and verbal suggestion such as in nausea and fatigue [5,38]. For 

inducing nocebo and placebo effects on various physical sensations, the combination of these 

expectation induction mechanisms seems most promising. 

Verbal suggestion (without conditioning) elicited a marginally significant nocebo effect 

on itch when compared with a control procedure during the testing phase, and elicited a 

robust significant nocebo effect in the learning phase. Previous research has shown that 

robust nocebo effects on itch [19] and pain [1,2,13,14] can be induced by verbal suggestion. 

In contrast, placebo effects were not significantly induced by verbal suggestion when 

compared with a control procedure, i.e., subjects did not experience less itch when told that 

the stimulus would evoke less itch, than when given neutral suggestions (control group). 

However, indirect indications were found for a placebo effect within the verbal suggestion 

group by showing that these subjects experienced significantly lower levels of itch for the 

stimuli associated with the green (placebo) versus the yellow (neutral) cues (see table 2). Using 

two phases (learning and testing phase) might have led to extinction of effects that were 

present in the first (learning) phase, while to test for the effects of verbal suggestion a single 

phase is sufficient [15]. 

Conditioning (without verbal suggestion) did not elicit significant nocebo or placebo 

effects on itch in the testing phase (in which all itch stimuli were of the same intensity). This 

finding was somewhat unexpected since significant altered itch scores were present in the 

learning phase. A reason for non-significant effects of conditioning might be the number or 

length of learning trials. The few previous studies that investigated the effects of conditioning 

(without verbal suggestion) on pain generally found significant nocebo or placebo effects for 

example when more or longer lasting learning trials were used [20–23]. During conditioning, 

the perception of an increase or decrease in sensations after a cue can shape both automatic 

and conscious expectations about the given cue [39], and with more or longer conditioning 

trials, the learned association may be more predictable. Moreover, the addition of explicit 
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expectations (by verbal suggestion) might further amplify the induction of nocebo and placebo 

effects on physical sensations, and itch in particular which seems highly susceptible to 

suggestion as demonstrated by the phenomenon of ‘‘contagious’’ itch (e.g., [11,12]). 

Individual characteristics related to outcome expectancies were, in contrast to the 

placebo effect, associated with the nocebo effect (more negative affect, less extraversion, 

more neuroticism and less hope). This is in line with previous findings on nocebo effects 

[13,24–27], and studies showing that particularly negative affect and cognitions can enhance 

itch [19,40–43]. These findings also support the idea that negative (aversive responses) rather 

than positive (safety responses) expectations may be easier to induce from an evolutionary 

perspective in order to promote survival [15,44], possibly mediated by a tendency to 

experience more negative affect and cognitions, such as worrying. These findings also 

underline the possibly divergent mechanisms underlying nocebo and placebo effects. While 

anxiety or stress-related processes are thought to be involved in nocebo hyperalgesia, e.g., 

through an increase in cortisol plasma concentrations, reward processes are supposed to be 

involved in placebo analgesia, e.g., by the activation of dopamine neurotransmission [39,45]. 

Additional research into the possible predictors and different mechanisms of nocebo and 

placebo responding is clearly required. 

Some limitations and implications for future research should be discussed. First, the 

number of conditioning trials in the learning phase might have been insufficient to induce 

nocebo or placebo effects in the group receiving conditioning alone (i.e., without verbal 

suggestion) [20–22]. Second, placebo effects were not only found in the experimental groups, 

as expected, but also in the control group there was a tendency for a decrease in itch (see 

table 2). The expectations of the participants regarding the visual stimuli may have 

unintentionally been influenced because, during the random allocation of cues to a stimulus 

intensity, the yellow cue was more often (than by chance) associated with a high intensity itch 

stimulus. This could, for example, explain the lack of a significant placebo effect in the verbal 

suggestion group in relation to the control group. Third, in contrast to previous studies 

investigating the role of either negative or positive expectations on itch [18,19,46], in this 

study we induced nocebo and placebo expectations at the same time in individual 

participants. Since different mechanisms may underlie the induction of nocebo and placebo 

effects, this might have tempered the magnitude of the effects. Fourth, the subjects’ 
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expectations regarding the colored cues were not assessed explicitly; so that we cannot 

exclude that other mechanisms than expectancy effects might be responsible for the placebo 

and nocebo effects found in this study. Lastly, knowledge of nocebo and placebo effects on 

itch may, in the long term, help improve therapeutic interventions by reducing unfavorable 

expectations and enhancing favorable expectations in patients suffering from chronic itch. It 

remains to be established whether the findings of experimentally induced sensations in 

healthy subjects can be generalized to patients in a clinical setting. Moreover, the role of 

individual characteristics in nocebo and placebo responsiveness should be elucidated to 

further personalize interventions and to optimize treatment outcomes. 

In conclusion, this study showed that, in accordance with research on other physical 

sensations, the combination of conditioning and verbal suggestion can induce significant 

nocebo and placebo effects on itch. Research on nocebo and placebo effects at a perceptive 

and neurobiological level is warranted to further elucidate the common and specific 

mechanisms underlying nocebo and placebo effects on itch and other physical sensations. 
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Abstract 

Nocebo effects, i.e., adverse treatment effects which are induced by patients’ 

expectations, are known to contribute to the experience of physical symptoms such as pain 

and itch. A better understanding of how to minimize nocebo responses might eventually 

contribute to enhanced treatment effects. However, little is known about how to reduce 

nocebo effects. In the current randomized controlled study, we tested whether nocebo effects 

can be minimized by positive expectation induction with respect to electrical and histaminic 

itch stimuli. First, negative expectations about electrical itch stimuli were induced by verbal 

suggestion and conditioning (part 1: induction of nocebo effect). Second, participants were 

randomized to either the experimental group or one of the control groups (part 2: reversing 

nocebo effect). In the experimental group, positive expectations were induced by conditioning 

with verbal suggestion. In the control groups either the negative expectation induction was 

continued or an extinction procedure was applied. Afterwards, a histamine application test 

was conducted. Positive expectation induction resulted in a significantly smaller nocebo effect 

in comparison with both control groups. Mean change itch NRS scores showed that the 

nocebo effect was even reversed, indicating a placebo effect. Comparable effects were also 

found for histamine application. This study is the first to demonstrate that nocebo effects can 

be minimized and even reversed by conditioning with verbal suggestion. The results of the 

current study indicate that learning via counterconditioning and verbal suggestion represents 

a promising strategy for diminishing nocebo responses. 
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Introduction 

Nocebo effects, i.e., adverse treatment effects which are induced by patients’ 

expectations, play a central role in clinical practice [1, 2]. For example, patients receiving 

placebos in placebo-controlled clinical trials often report side effects similar to those 

experienced by patients receiving the active treatment [2]. These effects may be merely 

attributed to oral and written communication about potential adverse side effects in the 

informed consent procedure. Similarly, nocebo-induced side effects can also occur in response 

to an active treatment; this response can affect patients’ adherence and lead to withdrawal 

from necessary treatment [3]. Moreover, negative expectations regarding a certain treatment 

may reduce treatment effectiveness itself. For example, when patients are given an analgesic 

drug, positive expectations regarding its effects can double the effect, whereas negative 

expectations can completely abolish the analgesic effect [4]. A greater understanding of 

nocebo effects and how to diminish them is important for discovering ways of reducing their 

contribution to itch and other physical symptoms in clinical practice. 

While most studies on nocebo effects derive from the field of pain, nocebo effects are 

also known to play a role in a range of other symptoms and conditions, such as gastrointestinal 

disorders, nausea, fatigue, allergic symptoms, and itch [5, 6][7]. Itch, like pain, is a common 

and severe symptom of several conditions and diseases, such as dermatological and systemic 

diseases, and can be a significant burden to patients, particularly when symptoms are chronic 

[8–11]. Chronic itch is associated with, for instance, lower quality of life, impairment of sleep, 

feelings of stigmatization, and depressive symptoms [9, 10]. Itch seems particularly 

susceptible to suggestion. This is demonstrated by the phenomenon of contagious itch–e.g., 

watching someone scratch himself can induce a sensation of itch in the perceiver [12, 13]–and 

by several recent studies demonstrating the role of nocebo effects on itch [14–17], by which 

nocebo effects might even be larger than in pain [14]. This makes itch a useful model to 

investigate the expectancy learning in nocebo effects. 

With regard to expectancy learning in nocebo effects, the two expectation induction 

procedures that have been investigated most frequently are verbal suggestion and 

conditioning. Verbal suggestion consists of providing verbal or written information about 

clinical improvement or aggravation, such as potential side effects [18]. Conditioning, on the 

other hand, consists of repeatedly pairing a neutral stimulus (e.g., visual stimulus) with an 
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active ingredient (e.g., increased pain stimulus), so that in time the neutral stimulus comes to 

elicit a similar response as the innate response (e.g., heightened experience of pain) [18]. 

Numerous studies have found evidence that verbal suggestion, conditioning and especially 

the combination of conditioning with verbal suggestion can induce nocebo effects on physical 

symptoms [15, 19–21]. As far as we know, only one study investigated whether nocebo-like 

effects can be reduced, using verbal suggestion procedures [22]. Reduction of nocebo effects, 

particularly induced via conditioning, has so far not been explored. 

Changing of conditioned effects has been studied in fear and evaluative conditioning 

paradigms in particular [23–26]. Two main procedures that are used to change conditioned 

effects are extinction and counterconditioning. During extinction, a conditioned stimulus (CS) 

that was previously paired with e.g., a negative unconditioned stimulus (US) is now presented 

without the US. During counterconditioning, the CS-US pairing is still presented but the 

valence of the US is now opposite to the valence of the US with which it was previously paired 

(e.g., positive vs. negative) [23, 27–30]. Although extinction has been studied extensively, the 

results are mixed. Counterconditioning, on the other hand, has been investigated less 

frequently, but results show quite consistently that it can effectively change conditioned 

effects [25, 26, 31]. Counterconditioning has yet not been investigated with regard to nocebo 

(or placebo) effects, but could, in combination with verbal suggestion, prove an effective 

procedure to reduce nocebo effects. 

In the present study we aimed to investigate whether conditioned nocebo responses to 

itch could be reduced by a positive expectation induction. Healthy participants were first 

exposed to a negative expectation induction (nocebo effect induction) by a procedure that 

combined conditioning and verbal suggestion regarding electrical itch stimuli. Then they were 

exposed to a positive expectation induction by a procedure that combined 

counterconditioning and verbal suggestion (placebo effect induction). In line with studies on 

counterconditioning e.g., [25, 32], control groups consisted of continued negative expectation 

inductions or an extinction procedure. It was hypothesized that the positive expectation 

induction would result in decreased itch in comparison with the two control groups. In 

addition, we exploratively tested the extent to which previously reduced nocebo effects would 

generalize to a different itch stimulus to assess external validity. Furthermore, it was explored 

whether psychological characteristics related to negative or positive outcome expectancies 
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(e.g., worrying or optimism, respectively) were associated with (reversion of) nocebo 

responses [15, 33]. 

Methods 

Ethics statement 
The study was approved by the medical ethics committee of the Leiden University 

Medical Center in Leiden, the Netherlands (Commissie Medische Ethiek) and follows the rules 

stated in the Declaration of Helsinki. The study was registered retrospectively at the ISRCTN 

registry (registration code: ISRCTN 76895197), since this is a randomized experimental lab 

study in healthy individuals. The authors confirm that all ongoing and related trials for this 

intervention are registered. All participants gave written informed consent and were 

reimbursed for participation. 

Participants 
In total 129 participants were included in this study. Exclusion criteria were severe 

physical morbidity (e.g., skin disease, diabetes mellitus, multiple sclerosis), psychiatric 

disorders (e.g., depression), chronic itch or pain complaints, diagnosis of histamine 

hypersensitivity, regular use of medication in the last 3 months, use of a pacemaker, and color 

blindness. All participants were of Dutch nationality, and were aged 18 years or older (mean 

age 20.25 ± 2.46 years; 78.7% were women. 

Design 
This study used a balanced (1:1:1) randomized, multi-arm parallel-group, single blind 

design. The study comprised three parts: in the first part, all participants received a negative 

expectation induction regarding electrical itch stimuli (induction nocebo effect; part 1); in the 

second part, participants were equally randomized over three experimental groups in which 

they either received a positive expectation induction (induction placebo effect; group 1), a 

continued negative expectation induction (induction nocebo effect; group 2), or an extinction 

procedure (extinction; group 3). In the third part, generalization of reduced nocebo effects to 

another itch stimulus, histamine iontophoresis, was tested. Fig 1. displays the experimental 

design. 
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Fig 1. Experimental design. The study started with negative expectation induction: participants were 

told that the purple light (conditioned cue) indicated an increase in the itch stimulus, and that the 

yellow light (neutral cue) indicated no change in the itch stimulus. In accordance with the verbal 

suggestion, the purple and yellow lights were repeatedly paired with high and medium electrical itch 

stimulus intensities, respectively. Subsequently, participants were randomized over the three groups 

in which 1) positive expectations were induced; 2) continued negative expectations were induced; or 

3) an extinction procedure was applied. In the learning phases verbal suggestion and conditioning 

procedures depended on the experimental group. In the testing phase the verbal suggestion 

corresponded to the verbal suggestion provided in the learning phase, while all participants received 

electrical itch stimuli of medium intensity. Next, generalization of reduced nocebo effects to histamine 

application was tested. The verbal suggestion corresponded to the verbal suggestion provided in part 

2 and the purple light (conditioned cue) was displayed during the histamine application. The intensity 

of the histamine application was identical for all groups. Note that for half of the participants the 

conditioned cue was a purple light and the neutral cue a yellow light (like in this example); for the other 

half of the participants the conditioned cue was yellow and the neutral purple. 
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Materials 

Itch induction 

Electrical stimulation 

Itch was induced by means of electrical stimulation using a constant current stimulator 

(Isolated Bipolar Constant Current Stimulator DS5, Digitimer, United Kingdom), and delivered 

to the inner side of the non-dominant wrist through two surface electrodes (for the detailed 

procedure see [15]). A third (sham) electrode was placed approximately 1 cm to the left from 

of the two active electrodes and attached to the back of the stimulator. Stimuli were applied 

at 50-Hz frequency with a pulse duration of 100 μs and at a continuously increasing current 

intensity (0.05 mA/s), up to a maximum current intensity of 5 mA. After each stimulus, 

participants verbally reported the level of itch, which they could express up to one decimal 

point, using a Numerical Rating Scale (NRS) ranging from 0.0 (no itch at all) to 10.0 (worst itch 

ever experienced). The NRS was attached below a computer screen in front of the participant. 

Histamine iontophoresis 

Histamine was applied by iontophoresis (Chattanooga Group, Hixson, TN, USA). A 0.3% 

diphosphate histamine solution was placed in an electrode (Chattanooga Ionto Ultra Electrode 

medium), which was placed on the dominant forearm (the forearm contralateral to the 

electrical itch stimulation), 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. The third (sham) 

electrode that was also applied during electrical stimulation, was placed approximately 1 cm 

to the left from of the two histamine electrodes and attached to the back of the electrical 

stimulator. Participants rated itch intensity on an NRS every 30 seconds during histamine 

application. 

Questionnaires 

Screening questionnaires on demographic variables, diseases, and physical complaints 

were used to check participants for inclusion and exclusion criteria. In addition, several 

individual self-report questionnaires were used to assess the following psychological 

characteristics: Optimism (The Revised Life Orientation Test; [34]) total scale α = 0.66; Hope 

(The Dispositional Hope Scale; [35]) α = 0.81; Worrying (The Penn State Worry Questionnaire; 

[36]) α = 0.91; Neuroticisms and Extraversion (The Eysenck Personality Questionnaire; [37] 
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neuroticism scale α = 0.79, α extraversion scale = 0.85; Impulsivity (The Baratt Impulsiveness 

Scale; [38] α = 0.84; Self-efficacy (The General Self-Efficacy scale; [39]) α = 0.82; Negative affect 

(The Hospital Anxiety and Depression Scale; [40]) total scale α = 0.79; Future expectations (The 

Future Expectations questionnaire; [41]) positive scale α = 0.86, negative scale α 0.76; Positive 

and negative state affect (Positive and Negative Affect Schedule; [42]) positive affect scale α 

= 0.73. The negative affect scale data were not analyzed due to strong floor effects (53% of 

participants reported minimum score); State anxiety (short version of the State-Trait Anxiety 

Inventory, State version; [43]) α = 0.69; levels of itch, pain and fatigue (Numerical rating scale 

(NRS); [44], participants reported the experienced intensity of the sensations on a NRS ranging 

from 0.0 (no itch/ pain/ fatigue at all) to 10.0 (worst itch /pain/ fatigue ever experienced). 

Furthermore, exit questions regarding the intensity of the stimuli and purpose of the study 

were used. All questionnaires were administered in Dutch. With the exception of the exit 

questionnaires, which were filled out on paper, all questionnaires were completed using 

Qualtrics (Qualtrics, Provo, Utah, United States). 

Procedure 
The study was conducted at the Leiden University, Leiden, the Netherlands, from 

September 2014 to July 2015. Participants were recruited via an online recruitment system of 

Leiden University (Sona Systems, Tallinn, Estonia) and through flyers posted in the campus of 

the Leiden University, Leiden, the Netherlands. Participants were informed that the purpose 

of the study was to determine sensitivity to itch stimuli; the full purpose of the study was not 

revealed until after the experiment was finished. An online self-report questionnaire was used 

to screen participants for inclusion and exclusion criteria, and eligible participants were 

scheduled for an appointment. Next, participants filled out an additional online self-report 

questionnaires assessing personality traits.  

All participants were asked to refrain from taking any medication, alcohol, and drugs for 

24 hours before the test day, and from smoking cigarettes or drinking coffee, tea, cola, or 

energy drinks for two hours before testing. The experiment took place at a standard time (start 

at 11 am, duration ca. 5 hours and 30 minutes). First, all participants gave their written 

informed consent. Subsequently, baseline itch, pain, and fatigue were assessed using NRSs, 

and questionnaires on mood factors were administered. Before electrical stimulation, all 

participants held their hands in a warm water bath at about 32˚C for 3 minutes in order to 
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attain a comparable baseline wrist skin temperature among participants [15]. Next, the 

intensities of low, medium, and high stimuli were calibrated for each participant individually 

by gradually increasing the intensity of the electrical current with a ramping procedure (for 

the detailed procedure see [15]). The individually determined medium and high itch stimuli 

were used in part 1, and the low, medium and high itch stimuli were used in part 2 of this 

study.  

In part 1, negative expectations regarding itch stimuli were induced in all participants by 

conditioning with verbal suggestion (part 1; induction of nocebo effect). Participants were told 

that they would receive a series of electrical itch stimuli with and without activation of a third 

electrode that influenced the itch intensity. This third electrode was actually never activated, 

since it was a sham electrode, serving as the ‘placebo’ in this experiment. Itch stimuli were 

accompanied by visual cues on a computer screen, i.e., purple and yellow colored circles. To 

control for effects of the colors, for half of the participants the conditioned cue was a purple 

circle and the neutral cue a yellow circle, and vice versa for the other half of the participants 

(an independent data manager generated an unpredictable random sequence via SPSS 23.0 

for Windows; IBM SPSS Statistics, Chicago, Illinois, USA). Allocation to color was concealed by 

using sequentially numbered, opaque, envelopes that the experimenter opened just before 

the start of the learning phase in part 1 (1:1 allocation). The color was written on a folded 

sealed note. Participants were told: “A purple/ yellow light will signal the activation of the 

third electrode that induces an increase in the intensity of the itch stimulus, and the yellow/ 

purple light will indicate that the third electrode is turned off and will not change the intensity 

of the itch stimulus”. Conditioning was achieved by surreptitiously increasing the intensity of 

the itch stimuli on the conditioned trials relative to the neutral trials. 

In part 2, a computer generated randomization list (generated by the independent data 

manager using SPSS 23.0 for Windows; stratified by sex; with a 1:1:1 allocation) was used to 

assign participants randomly to one of the three groups (which differed only in the verbal 

suggestion and conditioning procedure). Just before the learning phase of part 2 started, the 

experimenter opened a second sealed note in the envelope in which the experimental 

condition was revealed. Participants were unaware of randomization or differences between 

groups during the experiment. 
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In the positive expectation induction group (induction of placebo effect; group 1), 

expectations of low and medium levels of itch were now raised in the participants: “A purple/ 

yellow light will signal the activation of the third electrode, which will now induce a decrease 

in the intensity of the itch stimulus, and the yellow/ purple light will indicate that the third 

electrode is turned off and will not change the intensity of the itch stimulus”. In accordance 

with the verbal suggestion, conditioning was now achieved by surreptitiously decreasing the 

intensity of the itch stimuli on the conditioned trials relative to the neutral trials. In the 

negative expectation induction group (induction of nocebo effect; group 2), exactly the same 

procedure was applied as in the first part of the experiment. In the extinction group 

(extinction; group 3), no verbal suggestion was provided, i.e., participants were not given any 

information about the colored cues or stimulus intensity and all stimuli were applied at 

medium intensity. 

In line with previous studies of conditioning in relation to nocebo and placebo effects on 

pain e.g.,[19, 45] and with a previous study of our own [15], the experimental session 

comprised two phases: a learning phase and a testing phase. The learning phase consisted of 

16 trials in total: 10 conditioned trials with supposed activation of the third (sham) electrode, 

and 6 neutral trials without activation of the third electrode. These trials were presented in a 

quasi-random order for each participant i.e., there were no more than two conditioned trials 

in a row. The testing phase consisted of 8 trials in total: 4 conditioned trials and 4 neutral trials, 

again in quasi-random order, all followed by itch stimuli of medium intensity. Conditioning 

took place only in the learning phase, but verbal suggestions were also repeated in the testing 

phase; the suggestions were the same as in the learning phase. 

Each trial consisted of a single itch stimulus, which was accompanied by a visual colored 

cue (purple or yellow) on a computer screen. To announce the start of a trial, every itch 

stimulus was preceded by a flashing colored cue of one second on the computer screen. 

Between each electrical itch stimulus applied in the learning and testing phases, there was a 

2-minute interval, in which filler tasks (“find the differences” tasks, “word search puzzles”, and 

“Sudoku puzzles”) were given to diminish possible influence on subsequent stimuli of itch 

evoked by previously applied stimuli. The interval could be extended to a maximum of 4 

minutes if the level of itch after 2 minutes was ≥2.0 on an NRS. 
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In part 3, histamine iontophoresis followed, using the same verbal suggestion as in part 

2 and displaying the same conditioned cue on the computer screen during administration of 

the histamine itch stimulus using distinct electrodes. Participants were told that histamine 

would be applied to the skin through a light electrical current and that the skin could get red 

and thicker, similar to a mosquito bite. Before histamine was applied, participants indicated 

baseline levels of itch, pain, and fatigue. Then, participants were told: “During the itch 

stimulus, again a colored cue will be displayed at the computer screen. This will either be or a 

purple light, or a yellow light”. In the positive expectation induction group (induction of 

placebo effect; group 1), participants were told: “The purple/ yellow light will indicate a 

significant decrease in itch, and the yellow/ purple light will indicate that the itch remains 

unchanged”. In the negative expectation induction group (induction of nocebo effect; group 

2), participants were told: “The purple/ yellow light will indicate a significant increase in itch, 

and the yellow/ purple light will indicate that the itch remains unchanged”. In the extinction 

group (extinction; group 3), no verbal suggestion was provided. In accordance with the 

electrical itch stimuli, the histamine itch stimulus was preceded by a flashing colored cue of 

one second on the computer screen. Even though participants were told that a purple or 

yellow light could be displayed, the color that was previously used for the conditioned trials 

(purple or yellow, depending on the randomization) was displayed. Moreover, the intensity of 

the histamine itch stimulus was, alike the testing phases in part 1 and 2 of the electrical 

stimulation equal for all groups. 

Throughout the experiment participants were also videotaped in order to record 

scratching behavior and saliva was collected for DNA analyses (results will be reported 

elsewhere). The session was concluded with some questions regarding the perceived intensity 

of the itch stimuli and an open question to check whether participants were aware of the goal 

of the study. 

During the test session, there were several standardized breaks. During the breaks, 

participants were provided a selected number of magazines to read, with neutral content 

(about nature and home decoration), and they were offered small snacks, Rooibos tea and 

water. 

Since participants sat down during the whole experiment, in the break after testing 

phase 1 participants took a short 2-minute walk within the research area of the university to 
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stretch their legs, and used a home trainer in the lab at a slow pace for 5 minutes. There were 

no breaks between the learning and testing phases; the testing phases occurred immediately, 

without any signal. 

Statistical analyses 
All analyses were determined a priori in consultation with a statistician. The required 

sample size for the primary analysis was calculated with help from a statistician based on our 

previous study [15]. The analysis was approached in G* power 3.1 [46] as two two-tailed 

independent samples t-tests with Bonferroni correction. With an effect size d = 0.78, alpha α 

= 0.025 and a desired power of 0.80, this resulted in the largest required total sample size of 

99 participants. In total 30 participants were excluded from data analysis on the basis of 

criteria determined in advance: for 1 participant, the experimenter provided a wrong 

combination of the conditioned cue with the verbal suggestion; 3 participants dropped out 

due to equipment failure; and 25 participants were excluded because they experienced little 

to no itch after repeated electrical itch induction (see also Fig 2. for more details on the 

number of participants at the different stages of the study). With the permission of the local 

ethical committee, it was decided to exclude all participants who rated the mean level of itch 

they experienced as < 1 itch on an NRS with regard to the itch stimuli associated with the 

neutral stimuli in the testing phase of part 2. These participants were replaced by randomly 

selected new participants. The statistical analyses were conducted over the participants who 

experienced ≥1 itch on an NRS (n = 99). However, sensitivity analyses were also carried out for 

all 124 participants who completed the study, of whom 25 had experienced < 1 itch on an NRS. 

All analyses were performed using SPSS 23.0 for Windows (IBM SPSS Statistics, Chicago, 

Illinois, USA). The nocebo effect was defined as the difference between the mean itch NRS 

scores associated with the four trials with the supposed activation of the third electrode 

(conditioned trials) and the four trials without the supposed activation of the third electrode 

(neutral trials) in the testing phase. A positive score indicated a nocebo effect. 

Where the assumptions of the statistical tests (e.g., of normality) were violated, the data 

was transformed or non-parametric tests were used (if feasible). With regard to the nocebo 

effect in part 1 there was a problem with regard to normality of the data in the learning and 

testing phase. Although transformation did not result in normal distribution, parametric tests 

were reported, as non-parametric analyses obtained similar results. 
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Fig 2. CONSORT flowchart. 

Before conducting the main analysis, a paired samples t-test was performed to investigate 

whether there was a nocebo effect in the first part of the experiment by comparing the mean 

itch NRS score associated with the conditioned and neutral trials in the testing phase of part 

1. As a manipulation check, the effectiveness of the negative expectation induction procedure 
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during the learning phase was also assessed in an exploratory manner. To this end, a paired 

samples t-test was again performed as described above, exploring the difference in itch NRS 

scores between the conditioned and neutral trials in the learning phase of part 1. 

Next, a univariate analysis of variance (ANOVA) was performed with group as between-

subject factor in the second part of the experiment, in order to test the main hypothesis, i.e., 

that the positive expectation induction group would display a significantly smaller nocebo 

effect than the control groups (negative expectation induction group or extinction group). 

Post hoc Dunnett tests were conducted to compare the positive expectation induction group 

with each of the control groups. As a manipulation check, the effectiveness of the expectation 

induction procedures during the learning phase was also assessed in an exploratory manner. 

Again, an Post hoc Dunnett tests were conducted to compare the positive expectation 

induction group with each of the control groups. 

For exploratory purposes, Pearson correlation coefficients were calculated between the 

nocebo effects in the first as well as the second part (for each group separately) and 

questionnaire scores for psychological characteristics. For all analyses, the level of significance 

was set at p<0.05. 

Results 

In part 1, negative expectations were induced in all participants (induction nocebo 

effect). In part 2 (reversing nocebo effect), randomization of the participants across the three 

groups resulted in a total of 34 participants in the positive expectation induction group, 34 

participants in the negative expectation induction group, and 31 participants in the extinction 

group. The characteristics of age, gender, use of hormonal contraceptives, baseline levels of 

itch, pain and fatigue on the test day, and baseline levels of itch, pain and fatigue before 

histamine iontophoresis for the randomized participants were similar in the groups (see Table 

1). 
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Table 1. Participant characteristics 

 1. Positive expectation 

induction 

2. Negative 

expectation induction 

3. Extinction 

Age 20.4 ± 2.7 20.3 ± 2.7 19.9 ± 1.9 

Male/female ratio % 26.5/73.5% 23.5/76.5% 19.4/80.6% 

Hormonal contraceptives % 50.0% 50.0% 54.8% 

Itch baseline test day NRS 0.6 ± 0.7 0.6 ± 0.7 0.6 ± 0.7 

Pain baseline test day NRS 0.4 ± 0.9 0.4 ± 0.5 0.5 ± 0.7 

Fatigue baseline test day NRS 2.4 ± 1.5 2.1 ± 1.5 2.1 ± 1.3 

Itch baseline histamine NRS 1.0 ± 1.1 0.9 ± 1.1 0.6 ± 0.7 

Pain baseline histamine NRS 0.7 ± 1.0 0.6 ± 0.6 0.6 ± 0.8 

Fatigue baseline histamine NRS 3.6 ± 1.7 3.6 ± 1.3 3.8 ± 1.5 

Characteristics of the participants in the positive expectation induction group (group 1; n=34), the 

negative expectation induction group (group 2; n=34), and the extinction group (group 3; n=31). 

Induction of negative expectations (part 1) 

Learning phase 

As a manipulation check, the itch NRS scores evoked during the learning phase of part 1 

were assessed. This involved the induction of negative expectations for all participants; both 

verbal suggestion and conditioning were applied. Table 2 displays the means (±SD) of the 

stimuli associated with the conditioned and neutral trials. A paired samples t-test revealed a 

significantly higher mean itch NRS score for the conditioned trials (M = 5.2, SD = 1.7) than for 

the neutral trials (M = 4.0, SD = 1.7) (t(98) = 12.55, p<0.001, d = 1.26). This result shows that 

the conditioning with verbal suggestion procedure was effective in inducing increased itch in 

the conditioned trials relative to the neutral trials. 

Testing phase 

In the testing phase of part 1, all participants received the same stimuli, which were 

applied at medium intensity. Table 2 displays the means (±SD) of the itch NRS scores evoked 

by the stimuli associated with the conditioned and neutral trials. A paired samples t-test 

revealed a significantly higher mean itch NRS score for the conditioned trials (M = 3.6, SD = 
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1.9) than for the neutral trials (M = 3.2, SD = 1.8) (t(98) = 4.85, p < .001, d = 0.49), indicating a 

significant nocebo effect in part1. 

Table 2. Means (±SD) for itch NRS scores in the learning and testing phase in part 1 (induction of 

negative expectations) 

 Itch NRS scores (M ± SD)  

 Conditioned trials Neutral trials Change in itch score 

Learning phase 5.2 ± 1.7 4.0 ± 1.7 1.2 ± 0.9 

Testing phase 3.6 ± 1.9 3.2 ± 1.9 0.4 ± 0.8 

Means (M) and standard deviations (SD) of the numerical rating scale (NRS) scores for itch and change 

itch NRS score (itch NRS score in conditioned trials minus neutral trials) in the learning phase and 

testing phase for the induction of negative expectations in part 1 (n=99). 

Reversing nocebo effect (part 2) 

Learning phase 

As a manipulation check, the itch NRS scores evoked during the learning phase of part 2 

were assessed. Depending on the group, positive or negative expectations were induced by 

conditioning with verbal suggestion or an extinction procedure was applied. Table 3 displays 

the mean (±SD) itch NRS scores evoked by the stimuli associated with the conditioned and 

neutral trials during the learning phases for each group. When we tested whether the mean 

change itch NRS score (conditioned trials minus neutral trials) would be smaller in the positive 

expectation induction group in than in the control groups, univariate analysis of variance 

(ANOVA) revealed a significant group effect (F(2,96) = 75.39, p<0.001, ηp
2 = 0.61). Post hoc 

Dunnett tests indicated a significantly larger itch NRS change score between the conditioned 

and neutral trials, for the positive expectation induction group (M = -1.5, SD = 1.0) as 

compared to the negative expectation induction group (M = 1.2, SD = 0.8) (p = < 0.001) as well 

as the extinction group (M = 0.7, SD = 1.0)(p<0.001). This result reveals that the positive 

conditioning procedure was effective in inducing decreased itch in the conditioned trials 

relative to the neutral trials, in comparison with the control groups. 

Testing phase 

In the testing phase of part 2, all participants received the same stimuli, which were 

applied at medium intensity. Table 4 displays the mean (±SD) itch NRS scores evoked by the 

stimuli associated with the conditioned and neutral trials during the testing phase for each  
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Table 3. Means (±SD) for itch NRS scores in the learning phase for the different groups in part 2 

 Itch NRS scores (M ± SD) 

 Conditioned trials Neutral trials Change in itch score 

Group 1 - Positive 
expectation induction 

1.9 ± 1.5 3.3 ± 1.0 -1.5 ± 1.0 

Group 2 – Negative 
expectation induction 

4.2 ± 1.5 3.0 ± 1.5 1.2 ± 0.8 

Group 3 – Extinction 3.8 ± 1.6 3.1 ± 1.6 0.7 ± 1.0 

Means (M) and standard deviations (SD) of the numerical rating scale (NRS) scores for itch and for the 

change itch score (itch NRS score conditioned trials minus neutral trials) in the positive expectation 

induction group (group 1; n=34), the negative expectation induction group (group 2; n=34) and the 

extinction group (group 3; n=31) in the learning phase of part 2. 

 

Table 4. Means (±SD) for itch NRS scores in the testing phase for the different groups in part 2 

 Itch NRS scores (M ± SD) 

 Conditioned trials Neutral trials Change in itch score 

Group 1 - Positive 
expectation induction  

2.4 ± 1.5 2.9 ± 1.5 -0.4 ± 1.0 

Group 2 – negative 
expectation induction  

3.4 ± 1.7 2.9 ± 1.9 0.5 ± 0.8 

Group 3 – Extinction 2.9 ± 1.9 2.6 ± 1.9 0.3 ± 0.9 

Means (M) and standard deviations (SD) of the numerical rating scale (NRS) scores for itch and for the 

change in itch score (itch NRS score conditioned trials minus neutral trials) in the positive expectation 

induction group (group 1; n=34), the negative expectation induction group (group 2; n=34) and the 

extinction group (group 3; n=31) in the testing phase of part 2. 

group. The mean nocebo effect for each group is shown in Fig 3. When we tested the main 

hypothesis that the nocebo effect would be smaller in the positive expectation induction 

group than in the control groups, univariate ANOVA showed a significant difference in the 

magnitude of the nocebo effect in the various groups (F(2,96) = 9.93, p<0.001, ηp
2 = 0.17). Post 

hoc Dunnett tests comparing the experimental group with the control groups indicated a 

significantly smaller nocebo effect in the positive expectation induction group (M = -0.4, SD = 
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1.0) than in the negative expectation induction group (M = 0.5, SD = 0.8) (p<0.001) and the 

extinction group (M = 0.3, SD = 0.9) (p = 0.003) (See Fig 3.). 

 

Fig 3. Nocebo effect. Means and standard error of the mean (error bars) of the numerical rating scale 

(NRS) itch scores for the nocebo effect (change in itch NRS score between the four conditioned and 

four neutral trials) of the different groups in the testing phase of part 2 (higher value indicates higher 

nocebo effect). The asterisks show the level of significance related to the post hoc Dunnett comparison 

(***p<0.001; **p<0.01).  

Generalization of nocebo effects to histamine iontophoresis 
When we explored whether the reduced nocebo effect generalized to the histamine 

stimulus, an ANOVA showed a significant main effect for the groups with regard to the mean 

itch NRS score during histamine application (F(2,96) = 5.293, p<0.01, ηp
2 = 0.10). Post hoc 

Dunnett tests comparing the experimental group with the control groups indicated 

significantly lower itch NRS scores in the positive expectation induction group (M = 5.7, SD = 

0.3) than in the negative expectation induction group (M = 6.8, SD = 0.3) (p<0.01) and 

marginally significant itch NRS scores in the positive expectation induction group than in the 

extinction group (M = 6.5, SD = 0.3) (p = 0.058). 

Psychological characteristics 
When we calculated correlation coefficients between the nocebo effect in part 1 

(induction negative expectations) and psychological characteristics, no significant correlations 
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were found. Similarly, when we calculated correlations coefficients between the psychological 

characteristics and the nocebo effect in part 2 for each group separately (reversing nocebo 

effect), no significant correlations were found. 

Sensitivity analyses 
Sensitivity analyses were conducted regarding the main analysis to assess the influence 

of excluding the data of 25 participants who experienced little to no itch after repeated 

electrical itch induction (< 1 itch on an NRS, see methods, statistical analyses). When all 124 

participants who completed the study were included, similar effects were found. More 

specifically, when we investigated whether there was a significant nocebo effect in the testing 

phase of part 1, a paired samples t-test revealed a significantly higher mean itch NRS score for 

the conditioned trials (M = 3.2, SD = 2.0) than for the neutral trials (M = 2.8, SD = 1.9) (t(123) 

= 5.45, p < .001, d = 0.96). This indicates that the nocebo effect in part 1 was significant. When 

we tested the main hypothesis that, if all 124 participants were included, the nocebo effect in 

part 2 would be smaller in the positive expectation induction group than in the control groups, 

univariate ANOVA showed a significant difference in the magnitude of the nocebo effect in 

the various groups (F(2, 121) = 12.23, p < 0.001, ηp
2 = 0.17). Post hoc Dunnett tests comparing 

the experimental group with the control groups indicated a significantly smaller nocebo effect 

in the positive expectation induction group (n = 43) (M = -0.4, SD = 0.9) than the negative 

expectation induction group (n = 42) (M = 0.5, SD = 0.8) (p < 0.001) and in the extinction group 

(n = 39) (M = 0.3, SD = 0.9) (p < 0.01). 

Discussion 

The present study demonstrates, for the first time, that nocebo effects induced by 

conditioning with verbal suggestion can be minimized and even reversed by positive 

expectation induction by means of counterconditioning with verbal suggestion. Participants 

who received the positive expectation induction experienced significantly less itch than 

participants in the control groups, who received either continued negative expectation 

induction or an extinction procedure. Moreover, these results generalized to a second itch 

stimulus. These results demonstrate that a single session of counterconditioning with verbal 

suggestion is sufficient to reverse previously induced nocebo effects and elicit placebo effects. 
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In line with our previous studies on nocebo effects on itch [14, 15], exposing the 

participants to negative expectations (i.e., expectations for high levels of itch) regarding the 

conditioned trials, resulted in significantly higher levels of itch in response to the conditioned 

trials than to the neutral trials; this indicates that the nocebo induction was successful. This 

finding replicates results from a previous study [15], in which we demonstrated that nocebo 

effects on itch can be induced by the combination of conditioning and verbal suggestion. This 

is in accordance with studies on other physical symptoms like pain [19–21]. Furthermore, the 

result is consistent with previous studies that demonstrate that verbal suggestion alone can 

induce nocebo effects, or nocebo-like effects, on itch [14, 16, 47, 48]. The current study not 

only replicates the finding that nocebo effects on itch can be induced by conditioning and 

verbal suggestion [15], but also extends this by demonstrating that nocebo effects can be 

reversed. To the best of our knowledge, this is the first time that this has been investigated. 

Positive expectation induction in the conditioned trials resulted in a significantly smaller 

nocebo effect than in the control groups, in which negative expectations were induced or an 

extinction procedure was applied. Moreover, the nocebo effect after positive expectation 

induction even demonstrated a significant placebo effect. Additional support for these 

findings was found in the learning phase, in which there was a similar pattern of changes in 

itch scores in response to conditioned and neutral trials. This finding extends results of a 

recent study on nocebo-like effects induced by verbal suggestions, which provided some initial 

indications that positively framed information regarding the health effects of wind turbine 

sound can dilute or even reverse the effects of negative expectations [22]. The successful 

reversal of the nocebo effect on itch by means of a counterconditioning procedure is 

consistent with a large body of research that shows that counterconditioning is an effective 

way of changing learned behavior in, for example, fear and evaluative conditioning paradigms 

[23–25, 32]. Furthermore, the finding that counterconditioning by inducing positive 

expectations was more effective than an extinction procedure in reversing the nocebo effect 

is also in accordance with conditioning studies that indicate that counterconditioning might 

be more effective than extinction in changing conditioned effects [23–25, 32]. 

In the current study, the extinction procedure did not significantly reduce nocebo 

effects. This is in line with previous studies on pain showing that nocebo effects eventually 

decrease but often do not fully eliminate the learned behavior, especially when a high number 
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of conditioning trials is used [19, 45, 49]. Since in these studies and the current one the 

number of extinction trials was limited to a maximum of 10, it is currently unknown whether 

nocebo effects might be extinguished after more extinction trials or after several days. 

Similarly, evaluative conditioned effects seem less sensitive to extinction than conditioned 

fear responses, which often do become extinct after extinction trials [19, 45, 49]. In evaluative 

conditioning this is explained by the fact that the nonoccurrence of the US disconfirms the 

predictive value of the CS, but still evokes the representation of the US with the accompanying 

evaluation [31, 32]. More research is needed to establish whether similar processes could play 

a role in nocebo effects. 

We found indications that the reduced nocebo effect generalized to a second, different 

itch stimulus i.e., histamine iontophoresis. The demonstration of possible generalization to 

other stimuli lends weight to the effectiveness of the counterconditioning with verbal 

suggestion procedure for the reduction of nocebo effects. However, future research should 

investigate whether this generalization is still effective without repeating verbal suggestions, 

as it was applied in our study before the histamine application. Moreover, this finding supports 

the external validity of the counterconditioning with verbal suggestion paradigm employed in 

this experiment. Therefore, also for other physical sensations like pain, it would be highly 

relevant to investigate the reversibility of nocebo effects, to get insight into expectancy 

learning in reversing nocebo effects across different sensations. 

In the present study we did not find any significant correlations with the psychological 

characteristics examined. Previous studies regarding nocebo effects on itch have found 

indications for a role of psychological characteristics in relation to negative outcome 

expectancies, like worrying or negative affect, however research is extremely scarce [50]. 

Moreover, in a recent study by our research group, indications were found that one’s cognitive 

schemas regarding specificity and valence of memories and expectations regarding itch are 

related to placebo responding on itch, i.e., participants who were more specific in their 

memories regarding itch and who had less negative itch-related expectations for the future 

were more likely to be placebo itch responders [33]. Future research should further 

investigate the determinants of (reversing) nocebo responses, like individual differences in 

psychological characteristics in relation to negative outcome expectancies and cognitive 

schemas regarding memories and expectations. 
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Several implications for future research and clinical practice should be considered. First, 

the counterconditioning with verbal suggestion paradigm could possibly be applied to other 

experimental models of itch, like mechanical itch stimuli, to study different itch pathways that 

are relevant for different types of pruritus that can be seen in clinical practice [51, 52]. Second, 

it remains to be established whether these findings in healthy participants can be generalized 

to patients in a clinical setting. Two studies regarding contagious itch suggest that patients 

with chronic itch complaints might respond more strongly to visual or audiovisual itch cues 

than healthy controls [13, 53]. Additionally, several neuroimaging studies demonstrate 

differences in brain activation when itch is experimentally induced in patients versus in 

healthy controls [54, 55], emphasizing the need to study the placebo and nocebo effects on 

itch separately for healthy controls and patients. Furthermore, future research should 

investigate how experimental conditioning paradigms can be used in clinical practice. For 

example pharmacotherapeutic conditioning designs regarding itch medication, aimed at 

reducing the dose of medication could be examined. For example, a related format has been 

used in a study in patients with allergic rhinitis, in which an H1 receptor antagonist was 

conditioned with a novel-tasting drink, and in the testing phase replaced by a placebo with 

the drink. Patients reported less subjective symptoms and showed a reduced skin response to 

the skin prick test when administering the drink along with a placebo pill [6]. Future research 

could set up a similar design with reducing the dosage of itch medication to diminish possible 

side effects while the therapeutic benefits of the medication are preserved [56]. Minimizing 

possible nocebo effects could be an important ingredient of individually tailored care 

interventions for chronic somatic conditions [11, 57, 58]. This may be particularly important 

for patients with negative expectations regarding the given treatment, for example for 

patients with negative treatment experiences or certain personality characteristics related to 

negative treatment outcomes (e.g., worrying), or for patients who are excessively afraid of 

side effects [1, 50, 59, 60]. 

A possible limitation of this study is that reversal of the nocebo effect was tested in a 

single session. It would be highly relevant to test whether the reversed nocebo effect, i.e., 

placebo effect, remains on subsequent days, whether it extinguishes, or whether the nocebo 

effect recurs. Furthermore, we did not investigate the influence of the filler tasks provided 

between the electrical itch stimuli. Although we selected different tasks that were in general 
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not too challenging and as neutral as possible, we cannot exclude a possible influence on for 

example mood, which can vary between individual participants. In addition, we did not assess 

participants’ expectations over the course of the study, so we cannot exclude the possibility 

that factors other than expectancy learning might be responsible for the effects found in this 

study. Moreover, assessing participants’ expectations in future studies would provide valuable 

data on how the induction of negative and subsequently of positive expectations affects 

patients’ expectations overall, and on the extent to which these expectations mediate nocebo 

effects. 

In conclusion, this study demonstrates that nocebo effects can be effectively minimized 

by positive expectation induction and can even turn into placebo effects. Moreover, 

counterconditioning of nocebo effects regarding one stimulus can possibly generalize to 

another similar stimulus. Whereas more research is needed, the results of the current study 

show first indications that learning via counterconditioning and verbal suggestion may 

represent a promising strategy for diminishing nocebo responses. 
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Abstract 

Nocebo effects, i.e. reduced treatment effects due to patients’ negative expectations, 

play a role in itch. Recent studies have shown that nocebo effects can be induced 

experimentally on itch and also be minimized and even turned into the opposite direction, i.e. 

placebo effects. It is not known whether these effects generalize to itch-associated scratching 

behaviour. The aim of this study was to determine whether induction and reversal of nocebo 

effects on itch evoked by electrical and histamine stimuli generalized to scratching. Ninety-

seven healthy participants were included in the study. The manipulation was successful, as 

during the nocebo learning phase, increased scratching responses were found for higher 

intensity compared with lower intensity itch stimuli. During the testing phase of induction or 

reversal of the nocebo effects, however, no significant nocebo effects or reversed nocebo 

effects, were found in scratching. Thus, no straightforward generalization of nocebo effects 

from itch to scratching was found in this laboratory setting. Further investigation into possible 

generalization is needed in different settings and in patients with chronic itch.  
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Introduction 

Itch and scratching are common symptoms in skin conditions such as psoriasis and 

atopic dermatitis, and can cause significant impairment for patients (1). Scratching may have 

an important role in the maintenance and exacerbation of skin conditions due to a vicious 

itch-scratch circle (2, 3). Effects of pharmacological treatments are relatively limited and these 

treatments often have side-effects (4). Treatment effectiveness may be improved by 

optimizing placebo effects, while minimizing nocebo effects (5, 6). 

Placebo and nocebo effects are positive and negative treatment effects, unrelated to 

the treatment mechanism, which are induced by patients’ expectations of improvement or 

worsening, respectively (7–9). Placebo and nocebo effects are known to contribute to various 

conditions and symptoms, and have been investigated mainly with regard to pain (7). Recent 

studies have demonstrated that placebo effects can reduce levels of itch in healthy 

participants as well as in patients with clinical itch due to chronic conditions (5, 6, 10, 11). 

Moreover, nocebo effects, which may play an even more important role in clinical practice (8, 

12), can amplify itch, and these nocebo effects on itch can also be minimized and even turned 

into the opposite direction, i.e. a placebo effect (13). Overall, the combination of enhancing 

placebo effects on itch and reversing nocebo effects seems to be a promising target to further 

optimize treatment effects for itch. In addition, there are indications that placebo and nocebo 

effects on a specific symptom can generalize to other modalities or domains (14–19). Thus, 

nocebo and placebo effects associated with itch treatments may also generalize to the 

behavioural domain, by which patients’ scratching behaviour (14, 15) may be influenced in a 

negative or positive direction, respectively. 

Studies on contagious itch provide some evidence that nocebo-like effects on itch are 

also seen on scratching behaviour. For example, when participants watched videos of people 

scratching compared with control videos, they not only reported higher ratings of overall itch, 

but also scratched more frequently, with the largest effects for patients with chronic itch (16). 

However, it is not known whether induced nocebo effects on itch also generalize to scratching 

behaviour. 

The aim of this experimental study was to investigate, for the first time, whether induced 

nocebo effects on itch (electrically induced) generalize to scratching behaviour in healthy 
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participants. As described previously in our article focusing on the levels of itch experienced 

within the same experiment (13), participants first learned negative expectations about 

electrical itch stimuli by coupling (through conditioning and verbal suggestions) a certain cue 

with increased intensities of itch. Next, participants were randomized to either the 

experimental group in which the cue was coupled with lowered itch intensities (positive 

expectation induction) or one of the control groups in which either negative expectation 

induction with the increased intensities of itch continued, or no expectations were induced 

and only itch stimuli of medium intensity were applied (extinction) (13). 

The current study focuses on the behavioural outcome of scratching. It was 

hypothesized: (i) that itch amplification by nocebo effects would generalize to enhanced 

scratching, and (ii) that subsequent reversion of the nocebo effects on itch into placebo effects 

would generalize to decreased scratching. In addition, this study exploratively investigated 

whether reversion of the nocebo effects on itch also generalized to scratching associated with 

an additional itch stimulus (histamine iontophoresis). Frequency of localized scratching was 

the primary outcome measure, in line with a previous study on evoked itch (17). Frequency of 

total-body scratching was the secondary outcome measure (16, 18–20). Exploratory, we also 

analyzed duration of localized and total-body scratching. 

Materials and methods 

The design and methods have been described in full previously, in our article focusing 

on reversing nocebo effects in self-reported itch (13). A brief summary is given below. 

Participants 
A total of 129 healthy participants were included in the study (mean ± standard 

deviation (SD) age 20.3 ± 2.5 years; 78.7% women). Inclusion criteria were: age range 18–35 

years, and fluency in the Dutch language. Exclusion criteria were: severe physical morbidity 

(e.g. skin disease, diabetes mellitus, multiple sclerosis), psychiatric disorders, chronic itch or 

pain, diagnosis of histamine hypersensitivity, regular use of medication in the last 3 months, 

use of a pacemaker, colour blindness, and pregnancy. The study was approved by the medical 

ethics committee of the Leiden University Medical Center in Leiden, the Netherlands 

(Commissie Medische Ethiek). All participants provided written informed consent and were 

reimbursed for their participation. 
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Study design 
The study followed a balanced (1:1:1) randomized controlled, multi-arm parallel-group, 

double-blind design comprising 3 experimental parts (see Fig. 1 for an overview of the 

experimental study parts). In Part 1, negative expectations were induced regarding electrical 

itch stimuli (induction of nocebo effect). In Part 2, participants were randomized over 3 groups 

in which they received either a positive expectation induction (induction of placebo effect; 

group 1; n = 33), a continued negative expectation induction (induction of nocebo effect; 

group 2; n = 34), or an extinction procedure (extinction; group 3; n = 30) with regard to 

electrical itch stimuli. Both Parts 1 and 2 comprised a learning phase and a testing phase, in 

which itch stimuli were accompanied by visual cues on a computer screen, i.e. purple and 

yellow coloured circles. By randomization it was determined whether the conditioned cue was 

purple or yellow and the neutral cue, consequently, yellow or purple. The following assumes 

that the conditioned cue is purple and the neutral cue is yellow. In the learning phase of Parts 

1 and 2, participants were told that a purple cue would indicate the activation of the third 

(sham) electrode that increased (nocebo groups) or decreased (placebo groups) the intensity 

of the itch stimulus. They were also told that the yellow cue would indicate deactivation of 

the third electrode so the itch stimulus would remain at medium intensity. Conditioning was 

achieved by applying high (nocebo groups) or low (placebo group) itch stimulus intensities, 

along with the purple cue (i.e. conditioned trials; 10 stimuli) and medium itch stimulus 

intensities along with the yellow cue (i.e. neutral trials; 6 stimuli). During the testing phases of 

Part 1 and 2, all stimuli were given at medium intensity (8 stimuli), while displaying either the 

purple or yellow cue (both 50% of the trials). In the third part histamine was applied along 

with the same cue as was used for conditioning in Part 2 (see Fig. 1). 
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Fig 1. Experimental design. In part 1, negative expectations were induced: participants were told that 

the purple cue (conditioned cue) indicated an increase in the itch stimulus, and that the yellow cue 

(neutral cue) indicated no change in the itch stimulus. In accordance, the purple and yellow cues were 

repeatedly paired with high and medium electrical itch stimulus intensities, respectively. In part 2, 

participants were randomized over the 3 groups in which (i) positive expectations were induced; (ii) 

continued negative expectations were induced; or (iii) an extinction procedure was applied. In the 

learning phases verbal suggestion and conditioning procedures depended on the experimental group. 

In the testing phases the verbal suggestion corresponded to the verbal suggestion provided in the 

learning phase, while all participants received electrical itch stimuli of medium intensity. In part 3, for 

all participants, histamine iontophoresis was applied at the same intensity. The verbal suggestions 

corresponded with those provided in Part 2, and the purple cue (conditioned cue) was displayed during 

the histamine application. Note that for half of the participants the conditioned cue was a purple cue 

and the neutral cue a yellow cue (like in this example); for the other half of the participants the 

conditioned cue was yellow and the neutral purple. 
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Itch stimuli 
Electrical itch induction. A constant current stimulator (Isolated Bipolar Constant 

Current Stimulator DS5, Digitimer, Welwyn Garden City, UK) was used to induce itch to the 

inner side of the non-dominant wrist through 2 surface electrodes. A third (sham) electrode 

functioned as placebo. Three intensities of itch were individually determined (i.e. low, 

medium, and high). For the exact procedure see (10). Previous research indicated that itch 

was the predominant sensation with this induction, and significantly higher than pain (21). 

Histamine iontophoresis. Using disposable iontophoresis electrodes (Iogel, 

Chattanooga, Hixson, TN, USA), 0.6% histamine (as diphosphate) (22) solution (in which 

histamine content is comparable to 1% histamine dihydrochloride) was delivered with a dose 

controller (Chattanooga Ionto, Chattanooga) for 2.5 min at a current level of 0.4 mA to the 

dominant forearm (for the exact procedure see (10)).The same sham electrode used during 

electrical stimulation served as placebo. 

Video-camera and coding software 
A video-camera (Panasonic HC-V700, Panasonic Corporation, Osaka, Japan) was located 

left front of the participant in order to record participants’ scratching behaviour. A mirror was 

located at the right side of the participant to capture an image of the entire body. An event 

logging software program (The Observer XT 12, Noldus Information Technology bv, 

Wageningen, The Netherlands) was used to code the scratching responses (see “Coding of 

scratching behaviour”, below). 

Procedure 
Potential participants were screened for eligibility using online self-report screening 

questionnaires (Qualtrics, Provo, USA) on demographic variables, and physical and 

psychological conditions (see (13)). In advance of the laboratory visit, participants were asked 

to refrain from taking any medication, alcohol, and drugs for at least 24 h before the testing, 

and from smoking cigarettes or drinking coffee, tea, cola, or energy drinks at least 2 h before 

testing. At the laboratory visit, the procedures were explained to the participant and informed 

consent was obtained. Participants were informed that they were being videotaped, although 

they were given the cover story that the recordings were used for training purposes. Baseline 

itch, pain, and fatigue were obtained using numerical ratings scales (NRSs) ranging from 0.0 

(no itch/pain/ fatigue at all) to 10.0 (most itch/ pain/fatigue ever experienced). After this, the 
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3 intensities for electrical itch stimulation (i.e. low, medium, and high) were individually 

determined (see “Electrical itch induction”). 

In Part 1, negative expectations regarding electrical itch stimuli were induced (induction 

of nocebo effect, see also Fig. 1). In Part 2, participants were allocated randomly to 1 of 3 

groups (see Fig. 1). In the positive expectation induction group (induction of placebo effect; 

group 1), expectations of low and medium levels of itch were raised in the participants. Thus 

the meaning of the colour of the conditioned cue was reversed compared with Part 1. In the 

negative expectation induction group (induction of nocebo effect; group 2), exactly the same 

nocebo procedure was applied as in Part 1. In the extinction group (extinction; group 3) all 

stimuli were applied at medium intensity and no verbal suggestion was provided. Participants 

were merely told that several stimuli would be applied again, accompanied by purple or yellow 

cues, without being given further details. In Part 3, for all participants, histamine iontophoresis 

was applied at the same intensity. The verbal suggestions corresponded with those provided 

in Part 2. Between the stimuli there were standardized inter-stimulus intervals and during the 

experimental session several standard breaks (13). 

Participants were informed 4 times that they were allowed to scratch their itch freely at 

any time: 3 times during the session with electrical itch stimulation (before determining the 

individual itch thresholds; before the start of Part 1; and before the start of Part 2) and once 

before the start of histamine iontophoresis. 

At the end of the experiment, participants rated the levels of pain that were induced 

overall by the electrical itch stimuli on an NRS from 0.0 to 10.0 with a mean ± SD of 1.0 ± 1.2. 

Finally, saliva was collected for DNA analysis (the results will be reported elsewhere) and 

participants were asked about their impression of the goal of the study. Almost all participants 

did not know the true goal of the study. 

Coding of scratching behaviour 
Spontaneous scratching was coded using the video-recordings by an independent rater 

who was unaware of the participant’s allocation to 1 of 3 groups and the colour of the 

conditioned and neutral cue. Scratching was defined as any skin contact movement that could 

reduce itch, e.g. typical scratching using the fingernails, picking with fingernails, or rubbing, 

while not taking into account touching (16, 20). Regarding the electrical itch stimuli, scratching 
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behaviour was coded from the start of an itch stimulus up to the next trial (up to 2 min) for 

the learning and testing phases separately. For the histamine stimulus, scratching behaviour 

was coded for the 2.5-min duration of the stimulus. Scratching responses were mapped 

spatially: (i) strictly localized (up to 5 cm around the electrodes); (ii) extended localized on the 

stimulated arm, excluding strictly localized areas; (iii) extended other arm; (iv) extended 

head/face/neck; (v) extended torso; and (vi) extended legs. For the preparation of the 

variables for the analyses, a distinction was made between localized (areas 1 and 2 together) 

(17) and total-body scratching (areas 1–6 together) (16, 18, 19, 20). Using The Observer 

software program (The Observer XT 1), frequency (primary outcome) and duration 

(explorative outcome) of scratching were calculated separately for the different cues and the 

testing and learning phases. 

Statistical analysis 
Of the 129 participants tested, data for 97 could be included in the analyses, as 32 were 

excluded from data analysis on the basis of several pre-determined criteria (see (13)). 

Specifically, for 8 participants data collection had failed and 24 participants were excluded 

(with the permission of the local ethics committee) because they experienced no or too little 

itch after repeated electrical itch induction (for details see (13)). However, sensitivity analyses 

were also carried out for all 121 participants, including those in whom levels of evoked itch 

were low but scratching data were available. 

In line with the main aims, for all outcomes, frequency of localized scratching was 

regarded as the primary outcome, frequency of total-body scratching was regarded as the 

secondary outcome and duration of localized and total-body scratching was analysed 

exploratively. Means of scratching were calculated for both conditioned (i.e. with the 

supposed activation of the third electrode) and neutral trials (i.e. without the supposed 

activation of the third electrode) for the learning and testing phases. The nocebo effect on 

scratching was defined as the difference between scratching episodes associated with the 

conditioned trials and neutral trials. The higher the score the higher was the nocebo effect. 

To explore the efficacy of the nocebo expectation induction procedure during the 

learning phase in Part 1, scratching episodes associated with the conditioned and neutral trials 

were compared in paired samples t-tests. Also, to test the hypothesis that there was a nocebo 

effect on scratching in the testing phase of Part 1, paired samples t-tests were performed. 
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The efficacy of the expectation induction procedure in the learning phase of Part 2 was 

assessed exploratively by univariate analyses of variance (ANOVA) with group as between-

subject factor and scratching as dependent variable. Similar ANOVAs were performed for the 

testing phase of Part 2 when testing the hypothesis that the positive expectation induction 

group would display a significantly smaller nocebo effect with regard to scratching than the 

control groups (negative expectation induction group and extinction group). A similar 

approach was taken to exploratively assess generalization of the reversion of nocebo effects 

on itch to scratching during the histamine stimulus, whilst including the scratching scores 

during histamine iontophoresis. 

Where the assumptions of the statistical tests (e.g. of normality) were violated, 

sensitivity analyses were conducted by calculating bias-corrected 95% confidence intervals 

(95% CIs) around the relevant parameter using 1,000 bootstrapping samples (23). This was the 

case for the duration of localized scratching in the testing phase of Part 1, as well as the 

frequency and duration of localized scratching behaviour in the testing phase of Part 2. Since 

bootstrapped confidence intervals around the parameters provided results similar to those 

reported without bootstrapping, we reported the non-bootstrapped analyses. 

All analyses were performed using SPSS 23.0 for Windows (IBM SPSS Statistics, Chicago, 

IL, USA) and the level of statistical significance was set at p < 0.05 (2-sided). Unless displayed 

otherwise, results are displayed as means ± SD. 

RESULTS 

In Part 1 (induction of nocebo effect), negative expectations were induced in all 

participants. In Part 2 (reversal of nocebo effect), randomization of the participants across the 

3 groups resulted in a total of 33 participants in the positive expectation induction group, 34 

participants in the negative expectation induction group, and 30 participants in the extinction 

group. The groups did not differ significantly on baseline characteristics (Table I). 
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Table I. Participant characteristics 

 Group 1 - 
Positive 
expectation 
induction 
n = 33 

Group 2 - 
Negative 
expectation 
induction 
n = 34 

Group 3 - 
Extinction 
n = 30 

Age, years, mean ± SD 20.3±2.6 20.3±2.7 20.0±2.0 

Male/female ratio % 27.3/72.7% 23.5/76.5% 20.0/80.0% 

Hormonal contraceptives % 42.4% 50.0% 56.7% 

Itch baseline test day NRS, mean ± SD 0.6±0.8 0.6±0.7 0.6±0.7 

Pain baseline test day NRS, mean ± SD 0.4±0.7 0.4±0.5 0.5±0.7 

Fatigue baseline test day NRS, mean ± SD 2.4±1.6 2.1±1.5 2.1±1.3 

Itch baseline histamine NRS, mean ± SD 1.0±1.1 0.9±1.1 0.7±0.7 

Pain baseline histamine NRS, mean ± SD 0.6±1.0 0.6±0.6 0.5±0.7 

Fatigue baseline histamine NRS, mean ± SD 3.6±1.7 3.6±1.3 3.8±1.5 

SD: standard deviation; NRS: Numeric rating scale. 

Induction of negative expectations (Part 1) 
Learning phase. During the learning phase of Part 1 (Table II), in which negative 

expectations were induced for all participants by both verbal suggestion and conditioning, as 

expected, the paired samples t-tests revealed that means for the conditioned trials were 

significantly higher than for the neutral trials for the frequency of localized scratching (t(96) 

= 3.89, p < 0.001, d = 0.395), duration of localized scratching (t(96) = 4.13, p < 0.001, 

d = 0.420), and duration of total-body scratching (t(96) = 3.07, p < 0.01, d = 0.312). The 

frequency of total-body scratching was marginally significantly higher for the conditioned vs. 

neutral trials (t(96) = 1.94 p = 0.056, d = 0.196). 

Testing phase. When testing whether there was a nocebo effect during the testing phase 

of Part 1 (Table II), in which all stimuli were applied at medium intensity, the paired samples 

t-test revealed that means for the conditioned trials were marginally significantly higher than 

for the neutral trials for frequency of localized scratching (t(96) = 1.77, p = 0.081, d = 0.179) 

and duration of localized scratching (t(96) = 1.77, p = 0.079, d = 0.180). No significant nocebo 

effect was found for total-body scratching regarding the frequency (t(96) = 0.63, p = 0.53, 

d = 0.064) and duration (t(96) = 1.46, p = 0.15, d = 0.148). 
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Table II. Means (±SD) of mean frequency and duration of scratching episodes in the learning and 

testing phase in Part 1 (induction of negative expectations) 

  Learning phase Testing phase 

  Conditioned 
trials 

Neutral 
trials 

  Conditioned 
trials 

Neutral 
trials 

  

  M±SD M±SD p-value  d M±SD M±SD p-value d 

          
Localized 
scratching 

Frequency 0.6±0.7 0.4±0.6 <0.001 0.395 0.3±0.4 0.3±0.4 0.081 0.179 

Duration 2.5±4.3 1.8±3.8 <0.001 0.420 1.1±2.0 0.9±1.7 0.079 0.180 

Total-body 
scratching 

Frequency 1.9±1.2 1.8±1.0 0.056 0.196 1.7±1.3 1.6±1.2 0.53 0.064 

Duration 5.1±5.8 4.3±4.8 <0.001 0.312 3.7±4.0 3.4±3.9 0.15 0.148 

Means (M) and standard deviations (SD) of mean frequency and mean duration (in seconds) of 

scratching episodes in the learning and testing phase in Part 1 (induction of negative expectations; 

n=97). Localized scratching episodes comprised scratching limited to the arm where the itch stimulus 

was applied. Total-body scratching episodes comprised scratching over the whole body (including 

localized scratching). 

Reversal of nocebo effect (Part 2) 
Learning phase. Table III displays the mean ± SD frequency and duration of the 

scratching episodes evoked by the itch stimuli associated with the conditioned and neutral 

trials during the learning phases for each group, in which depending on the group, positive 

(group 1) or negative (group 2) expectations were induced or an extinction procedure (group 

3) was applied. When testing whether the mean change score (conditioned trials minus 

neutral trials) of scratching episodes was smaller in the positive expectation induction group 

(group 1) than in the control groups (groups 2 and 3), ANOVAs did not reveal a significant 

group difference for any of the outcome measures: frequency of localized scratching 

(F(2,96) = 1.37, p = 0.259 ηp
2 = 0.028), frequency of total-body scratching (F(2,96) = 2.09, 

p = 0.130, ηp
2 = 0.042), duration of localized scratching (F(2,96) = 1.43, p = 0.244 ηp

2 = 0.030) 

and duration of total-body scratching (F(2,96) = 0.95, p = 0.391, ηp
2 = 0.020). 
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Table III. Means (±SD) of mean frequency and duration (s) of scratching episodes in the learning phase 

in Part 2 

   

Group 1 - Positive 
expectation 
induction  

Group 2 – negative 
expectation 
induction  

Group 3 – Extinction 
  

    
Conditio- 
ned trials 

Neutral 
trials 

Conditio- 
ned trials 

Neutral 
trials 

Conditio-
ned trials 

Neutral 
trials 

  

    Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p-value d 

          
Localized  
Scratching 
 
 

Frequency 
 

0.3±0.4 0.4±0.5 0.3±0.4 0.2±0.3 0.4±0.4 0.4±0.5 0.259 0.028 

Duration 
 

0.9±1.2 1.2±1.4 1.1±1.9 1.0±1. 1.5±1.9 1.3±1.8 0.244 0.030 

Total-body 
scratching 
 
 

Frequency 
 

1.7±1.1 1.5±0.9 1.9±1.2 1.6±1.0 1.6±0.9 1.7±0.9 0.130 0.042 

Duration 
 

3.8±3.0 3.5±3.0 3.8±2.7 3.3±2.5 3.8±3.9 3.9±4.1 0.391 0.020 

Means ± standard deviations (SD) of mean frequency and mean duration (in s) of scratching episodes 

and for the change in scratching score (scratching frequency / duration score of the conditioned trials 

minus the neutral trials) in the positive expectation induction group (group 1; n=33), the negative 

expectation induction group (group 2; n=34) and the extinction group (group 3; n=30) in the learning 

phase of Part 2. Localized scratching episodes comprised scratching limited to the arm where the local 

itch stimulus was applied. Total-body scratching episodes comprised scratching over the whole body 

(including localized scratching). 

Testing phase. Table IV displays the mean ± SD frequency and duration of the scratching 

episodes evoked by the itch stimuli associated with the conditioned and neutral trials during 

the testing phase for each group, in which all stimuli were applied at medium intensity. When 

testing the hypothesis that the nocebo effect on frequency of localized scratching was smaller 

in the positive expectation induction group than in the control groups, univariate ANOVA 

showed no significant difference in the magnitude of the nocebo effect (F(2,96) = 0.36, 

p = 0.697 ηp
2 = 0.008). Also, for the frequency of total-body scratching (secondary outcome) 

no significant difference between the groups was observed (F(2,96) = 0.90, p = 0.409 ηp
2 

= 0.019). Furthermore, also regarding duration of scratching episodes, no significant 

difference in localized scratching (F(2,96) = 0.78, p = 0.463 ηp
2 = 0.016) or total- body 

scratching (F (2,96) = 1.30, p = 0.279 ηp
2 = 0.027) was found between the groups. 
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Table IV. Mean frequency and duration (s) of scratching episodes in the testing phase in Part 2 

    

Group 1 - Positive 
expectation 
induction  

Group 2 – negative 
expectation 
induction  

Group 3 – Extinction 
  

    
Conditio- 
ned trials 

Neutral 
trials 

Conditio- 
ned trials 

Neutral 
trials 

Conditio-
ned trials 

Neutral 
trials 

  

    Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p-value d 

          
Localized  
Scratching 
 
 

Frequency 
 

0.3±0.4 0.3±0.5 0.2±0.3 0.3±0.4 0.3±0.3 0.2±0.3 0.697 0.008 

Duration 
 

0.7±1.1 1.0±1.8 0.6±1.0 0.8±1.6 0.7±1.2 0.7±0.9 0.463 0.016 

Total-body 
scratching 
 
 

Frequency 
 

1.4±1.0 1.6±0.9 1.7±1.0 1.7±0.8 1.6±1.0 1.6±0.9 0.409 0.019 

Duration 
 

2.5±1.9 3.4±2.5 3.1±2.3 3.3±2.5 3.2±3.3 3.2±2.6 0.279 0.027 

Means and standard deviations (SD) of mean frequency and mean duration (in s) of scratching episodes 

and for the change in scratching score (scratching frequency / duration score of the conditioned trials 

minus the neutral trials) in the positive expectation induction group (group 1; n=33), the negative 

expectation induction group (group 2; n=34) and the extinction group (group 3; n=30) in the testing 

phase of Part 2. Localized scratching episodes included scratching limited to the arm where the local 

itch stimulus was applied. Total-body scratching episodes included scratching over the whole body 

(including localized scratching). 

Generalization of revered nocebo effects on itch to scratching behaviour for 

histamine iontophoresis 
When exploring scratching behaviour during the histamine stimulus (Table V), ANOVAs 

showed no significant effect of group regarding the frequency of localized scratching 

(F(2,96) = 0.62, p = 0.54, ηp
2 = 0.013), frequency of total-body scratching episodes 

(F(2,96) = 0.56, p = 0.57, ηp
2 = 0.012), duration of localized scratching episodes (F(2,96) = 0.32, 

p = 0.73, ηp
2 = 0.007), or duration of total-body scratching episodes (F(2,96) = 0.25, p = 0.77, 

ηp
2 = 0.005). 

Sensitivity analyses 
When exploring the influence of excluding the data of the 24 participants who 

experienced little to no itch after repeated electrical itch induction (<1 itch on NRS), sensitivity 

analysis with all 121 participants for whom scratching data were available generally obtained 

results similar to those for the 97 participants, with some exceptions. Specifically, in the 

testing phase of Part 1, instead of a marginally significant difference, results revealed a 
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significantly higher mean ± SD frequency of localized scratching episodes for the conditioned 

trials (0.3 ± 0.4) than for the neutral trials ( 0.2 ± 0.3) (t(120) = 2.36 p < 0.05, d = 0.214), and a 

longer mean duration of localized scratching episodes for the conditioned trials (1.0 ± 1.8) 

than for the neutral trials (0.8 ± 1.5) (t(120) = 2.27, p < 0.05, d = 0.206). In the testing phase of 

Part 2, instead of a non-significant difference, there was a tendency towards significance in 

the magnitude of the nocebo effect of duration of total-body scratching between the positive 

expectation induction group and the control groups (F(2, 120) = 2.78, p = 0.066, ηp
2 = 0.045). 

Table V. Mean frequency and duration (s) of scratching episodes during application of histamine 

  Group 1 - 
Positive 
expectation 
induction  

Group 2 - 
negative 
expectation 
induction  

Group 3 - 
Extinction 

  

  Mean ± SD Mean ± SD Mean ± SD p-value d 

       
Localized 
scratching  

Frequency 
 

2.6±3.4 1.8±2.5 2.6±3.6 0.54 0.013 

Duration 
 

13.8±23.0 9.8±17.6 12.5±22.3 0.57 0.012 

Total-body 
scratching 

Frequency 
 

3.2±3.5 2.3±2.7 2.7±3.7 0.73 0.007 

Duration 
 

14.7±23.3 11.0±18.1 12.6±22.3 0.77 0.005 

Means and standard deviations (SD) of mean frequency and mean duration (in s) of scratching episodes 

during the application of the histamine stimulus (which takes approximately 2.5 min) in the positive 

expectation induction group (group 1; n=33), the negative expectation induction group (group 2; n=34) 

and the extinction group (group 3; n=30). Localized scratching episodes included scratching limited to 

the arm where the local itch stimulus was applied. Total-body scratching episodes included scratching 

over the whole body (including localized scratching). 

DISCUSSION 

The present study investigated, for the first time, the generalizability of induced nocebo 

effects on itch to scratching behaviour. First, results showed that, while manipulating the itch 

intensity during the nocebo learning phase, participants scratched more often and for a longer 

duration when itch stimuli of a higher intensity were applied than when itch stimuli of medium 

intensity were applied. However, this did not lead to subsequent significant nocebo effects on 

scratching behaviour in the testing phase, apart from some marginal significant effects. 
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Secondly, reversing nocebo effects on itch by positive expectation induction, did not lead to 

reversed or reduced nocebo effects on scratching behaviour. Sensitivity analysis in a larger 

group of participants did show some significant nocebo effects on scratching and a tendency 

for reduced nocebo effects on scratching. We can conclude that, although higher itch intensity 

is associated with more scratching, no conclusive evidence for generalization of nocebo effects 

on itch to scratching was found.  

Exposing participants to itch stimuli of high intensity (in the learning phase of nocebo 

induction) resulted in significantly more frequent scratching, and scratching for a longer 

duration, around the specific area of the forearm where itch was induced compared with itch 

stimuli of medium intensity. When we assessed scratching behaviour all over the body, similar 

findings were obtained, with significant results for duration and marginally significant results 

for frequency of scratching behaviour. Thus, when itch stimuli of higher intensity are applied 

compared with itch stimuli of lower intensity, participants not only experienced more itch 

(13), they mostly also displayed increased scratching behaviour, indicating a correspondence 

between self-report outcomes and observable behaviour (3, 18). This further supports that 

scratching behaviour can objectively be measured and is related to the intensity of itch (16, 

18, 19).  

Our hypothesis that nocebo effects on itch generalize to scratching could not be 

confirmed. Negative expectation induction for high levels of itch regarding stimuli of medium 

intensity (in the testing phase of part 1) did not result in significant nocebo effects on 

scratching. Also positive expectation induction for low levels of itch regarding stimuli of 

medium intensity (in the testing phase of part 2) did not result in significantly smaller nocebo 

effects on scratching for both the electrical and histamine stimuli compared with the control 

groups. These findings are unexpected, since our study did show significant nocebo effects on 

self-reported itch after negative expectation induction, and significantly reduced nocebo 

effects on itch after positive expectation induction when electrical or histamine itch stimuli 

were applied (13). A possible explanation for the non-significant results on scratching might 

be that, in our study, no verbal suggestions were provided for scratching, but only for itch, 

which is a pure way to assess generalizability of the nocebo effects on itch. Similar results were 

obtained in a recent study on itch perception modulated by verbal suggestion in healthy 

participants (24). This study demonstrated an increase in itch perception in a nocebo-like 
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condition, but no increase in the desire to scratch. Actual scratching behaviour was not 

measured (24). Furthermore, in studies regarding contagious itch, i.e. itch evoked by audio-

visual stimuli, inductions of expectation often indirectly address itch and especially scratching, 

e.g. by showing participants videos of people scratching (16–18, 20). This is, for example, 

confirmed by a study by Lloyd et al. (19) demonstrating that pictures of itch-relevant stimuli, 

e.g. insects crawling on skin, resulted in increased itch in healthy subjects than did pictures of 

people scratching, whereas pictures of people scratching led to more scratching behaviour 

than the itch-relevant pictures (19). Previous studies investigating generalizability of placebo 

or nocebo effects on symptoms other than itch all included verbal suggestions for the second 

modality. For example, a study on pain showed that conditioned nocebo effects in pain 

tolerance can be transferred to motor endurance; however, verbal suggestions for decreased 

motor endurance were also provided (25). Other studies on pain that demonstrated 

transferable placebo effects from pain to emotion have also provided verbal suggestions 

regarding alleviation of negative emotions (26–28). It is likely that the generalized placebo and 

nocebo effects are partly explained by additional verbal suggestions for the second modality. 

Another possible explanation for the lack of generalized nocebo effects on scratching in the 

current study could be that the levels of itch did not always reach the threshold at which 

participants felt the urge to scratch (15). Future research should investigate whether directly 

targeting scratching behaviour by induction of expectation is required to induce and reverse 

nocebo effects on scratching. 

When comparing healthy participants with patients with chronic itch conditions, several 

studies have shown that patients scratch more frequently than healthy participants when an 

experimental itch stimulus is applied (17, 20), even when stimulus intensity and self-reported 

itch do not significantly differ for both patients and healthy participants (20). This is underlined 

by neuroimaging studies that demonstrate that different brain areas are activated in patients 

with chronic itch and healthy participants when itch stimuli are applied (29–31). For example, 

a study in patients with atopic dermatitis showed that, even though there were no significant 

differences in perceived itch, brain activation in areas that are assumed to correspond to 

scratching differed between the patients and healthy participants (29). Such differences may 

also play a role in placebo and nocebo effects on scratching and therefore placebo and nocebo 

effects on scratching should be investigated in patients with chronic itch. 
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Some possible limitations and further suggestions for future research should be 

discussed. First, participants might have been hindered in spontaneous scratching due to the 

filler tasks that were provided between the different itch stimuli. Since the electrodes were 

attached to the non-dominant arm, participants were not able to scratch around the itch-

induced area of the forearm with the non-dominant hand, but only with their dominant hand. 

However, participants mainly used their dominant hand for completing the filler tasks and had 

to pause performing the tasks in order to scratch their itch. It is possible that this led to 

reduced scratching in participants. Future studies should consider inter-stimulus intervals with 

tasks whereby participants do not use their hand and are able to scratch without any 

constraints. Secondly, participants tended to report less itch as the experiment progressed 

(13). It could be that the decline in itch resulted in less often reaching the participants’ itch 

threshold (15) (especially in the testing phase of Part 1 and the learning and testing phase of 

Part 2), which could have influenced the scratching results. Thirdly, since we were interested 

mainly in whether nocebo effects on itch generalize to scratching behaviour, we did not 

directly compare localized and extended scratching behaviour (such as (17)). Given that, for 

contagious itch, people do not seem to scratch the same area as the area observed in the 

manipulation video (i.e. area on the body where the person in the manipulation video 

scratches), future research could manipulate the location of itch to determine whether 

nocebo effects on scratching are mainly localized or extended. 

In conclusion, this study confirms that scratching behaviour can be used as a measure 

of itch in healthy participants. No conclusive evidence was found for the generalization of 

nocebo effects on itch to scratching; however, sensitivity analysis in a larger group of 

participants showed some preliminary effects or tendencies that nocebo effects on itch can 

generalize to scratching. Future research should investigate generalization of (reversed) 

placebo and nocebo effects from itch to scratching, especially when high levels of itch are 

experienced, exceeding specific itch thresholds that lead to scratching, and also when 

involving patients with chronic itch. From the clinical viewpoint, studying how a placebo effect 

can generalize from one domain to another may be important to increase the effectiveness of 

treatments for all kinds of conditions that often comprise symptoms in different modalities. 

The possibility of reducing symptoms in one modality, i.e. scratching behaviour, using training 

in another modality, i.e. itch, could possibly be applied in dermatological conditions associated 
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with chronic itch and scratching. Therefore, greater understanding of the generalization of 

placebo and nocebo effects on itch to scratching behaviour could be important to determine 

ways to enhance treatments for chronic itch in clinical practice. 
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Abstract 

Purpose: Placebo effects are presumed to be based on one’s expectations and previous 

experience with regard to a specific treatment. The purpose of this study was to investigate 

the role of the specificity and valence of memories and expectations with regard to itch in 

experimentally induced placebo and nocebo itch responses. It was expected that cognitive 

schemas with more general and more negative memories and expectations with regard to itch 

contribute to less placebo itch responding. 

Methods: Validated memory tasks (ie, the Autobiographical Memory Test and the Self-

referential Endorsement and Recall Task) and expectation tasks (ie, Future Event Task and the 

Self-referential Endorsement and Recall Task) were modified for physical symptoms, including 

itch. Specificity and valence of memories and expectations were assessed prior to a placebo 

experiment in which expectations regarding electrical itch stimuli were induced in healthy 

participants. 

Findings: Participants who were more specific in their memories regarding itch and who 

had lesser negative itch-related expectations for the future were more likely to be placebo 

itch responders. There were no significant differences in effects between the nocebo 

responders and nonresponders. 

Implications: The adapted tasks for assessing cognitive (memory and expectations) 

schemas on itch seem promising in explaining interindividual differences in placebo itch 

responding. Future research should investigate whether similar mechanisms apply to patients 

with chronic itch. This knowledge can be used for identifying patients who will benefit most 

from the placebo component of a treatment.   
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Introduction 

Placebo and nocebo effects are known to contribute to overall treatment outcomes in 

various conditions and symptoms (eg, pain, itch).1 Whereas it is known that specific learning 

mechanisms (eg, conditioning) in general can result in placebo and nocebo effects, placebo 

and nocebo responses vary tremendously among individuals.2,3 In both experimental and 

clinical studies, individuals’ placebo or nocebo responses have been shown to range from no 

effect to profound changes in symptoms or disease outcomes.4,5 Several studies have tried to 

identify the “placebo responder”, but this remains a challenge.6 Although the respective 

literature is still limited and inconsistent,6 certain traits have been proposed to contribute to 

placebo and nocebo responding, such as psychological traits, including optimism, neuroticism, 

or catastrophizing7–9; genetic predispositions10; and cognitive factors, including cognitive 

schemas (ie, mental structure in which thoughts, information, and their inter-relationships are 

categorized) of memory about the past and expectations about the future.11 

Assessments of cognitive schemas of memories and expectations have shown that 

dimensions of specificity and valence of memories and expectations are of particular 

importance. With regard to specificity of memories and expectations, overgeneral 

autobiographical memory, defined as difficulty in retrieving specific autobiographical 

memories, has been shown to be related to depression and trauma-related psychopathology12 

and difficulties with social problem solving13 but specificity of autobiographical memory has 

never been investigated with regard to placebo and nocebo responses. With regard to valence 

of memories and expectations, positive previous experiences and positive expectations 

regarding a particular treatment are related to greater placebo responding, and negative 

previous experiences and negative expectations are related to greater nocebo responding.14–

16 Furthermore, prior stimulus history can have an influence on placebo response.17,18 For 

example, results from a study by Geers et al17 showed that previous experience with a pain 

stimulus (cold pressor task) in daily life (pain trough contact with cold water) reduced the 

effectiveness of placebo analgesic expectation. 

In the current study we sought to determine whether specificity and valence of 

memories and expectations are associated with placebo and nocebo itch responses. To 

answer this question, specificity and valence of participants’ memories and expectations 

regarding itch were assessed prior to a placebo and nocebo itch experiment in which 
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expectations were induced by conditioning and verbal-suggestion procedures (see Bartels et 

al16). Both specificity and valence of memories and expectations were assessed with validated 

tasks modified for itch by our research group. We expected that, in particular, participants 

with more specific and more positive memories and expectations would show greater placebo 

responses, while participants with less specific and more negative memories and expectations 

would be more likely to show nocebo responses. Furthermore, it was explored whether 

specificity and valence of itch-related memories were related to specificity and valence of itch-

related expectations, respectively. 

PATIENTS AND METHODS 

Data were obtained in a single study, from which outcomes on the induction of placebo 

and nocebo effects on itch by different expectation inductions have been reported 

previously.16 The present study focused on the influence of individual cognitive schemas on 

placebo and nocebo itch responses. The methods (and data) concerning the cognitive schemas 

have not been described in the previous study. The methods concerning the induction of 

placebo and nocebo effects, and general preparatory steps, have previously been described16 

and are briefly summarized here. 

Ethics Statement 
The study protocol was approved by a regional medical ethics committee (CMO Arnhem-

Nijmegen, Nijmegen, the Netherlands) and follows the principles stated in the Declaration of 

Helsinki. All participants provided written informed consent and were reimbursed for their 

participation. 

Participants 
Healthy volunteers aged ≥18 years were recruited via an online research participant 

system (Sona Systems, Tallinn, Estonia) and at the Radboud University Nijmegen (Nijmegen, 

the Netherlands). Inclusion criteria were age ≥18 years and fluency in the Dutch language. 

Exclusion criteria were severe morbidity (eg, skin disease, multiple sclerosis, diabetes 

mellitus), psychiatric disorders (eg, depression), color blindness, regular use of medication in 

the preceding 3 months, use of pacemaker, pregnancy, and current or a history of chronic itch 

or pain. 
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Study Design 
The study comprised 2 sessions in the laboratory, separated by ≥1 week. During session 

1, participants’ cognitive schemas (ie, specificity and valence of memories and expectations 

regarding itch-related, pain-related, and standard events) were assessed. Specificity of 

memories was assessed with the Autobiographical Memory Test (AMT); specificity of future 

expectations, with the Future Event Task (FET); valence of memories and future expectations, 

with the Self-referential Endorsement and Recall Task (SER). 

During session 2, placebo and nocebo effects of electrically induced itch were assessed. 

Participants were randomized to 1 of 4 groups in which they received either: (1) verbal 

suggestion; (2) conditioning; (3) a combination of verbal suggestion and conditioning to induce 

expectations for low, medium, and high itch intensity (intervention groups); or (4) a control 

procedure (control group) (see Bartels et al16). 

General Procedures 
Recruitment was conducted by an online research-participant system (Sona Systems, 

Tallinn, Estonia) and through flyers posted at Radboud University. Eligibility of potential 

participants was determined by means of online self-report screening questionnaires, 

assessed by Sona Systems (Tallinn, Estonia). 

Session 1 

At the first laboratory visit (session 1), written informed consent was obtained, and 

baseline itch, pain, and fatigue were assessed using numeric rating scales (NRSs) ranging from 

0.0 (no itch/pain/fatigue at all) to 10.0 (worst itch/pain/fatigue ever experienced). 

Subsequently, the adapted AMT, FET, and SER were administered in a randomized order. Also 

their sub-tasks (itch, pain, and traditional (with emotional cue words)) were administered in a 

randomized order.  

Tasks Assessing Cognitive Schemas  

Autobiographical Memory Test 

The AMT was used for assessing the specificity of memories of participants regarding 

specific cue words. Three different versions of the AMT were administered in this study: the 

traditional version (AMT-t)19; a version for itch developed by our research group (AMT-i); and 

one for pain developed by our research group (AMT-p). The AMT-i was the focus of this study. 
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In all versions of the AMT, the cue words were consecutively, but in randomized order, 

presented verbally, and participants were asked to recall and write down a memory in 

response to each cue word.20 Participants were instructed to write down an autobiographical 

memory, that is, a personally experienced event, that happened any time in the past, but not 

on the day of or the day before the administration of the instrument. The event could be 

important or not. Participants were asked not to write down the same event twice. In 

accordance with the Minimal Instructions version of the AMT,21 which is more sensitive for 

detecting reduced specificity of autobiographical memory in nonclinical individuals than is the 

standard version, participants were not explicitly asked to come up with a specific memory 

but were merely asked “Can you write down an event that the word X reminds you of?”. No 

examples of correct or incorrect responses were given and no practice items were provided. 

Participants were given 60 seconds per cue word to write down a memory. 

The AMT-t consisted of 6 positive and 6 negative emotional cue words (eg, happy or 

sad)19 (see Supplemental Appendix 1). The AMT-i consisted of 9 itch-related cue words (Table 

I). The instructions were identical to those of the traditional AMT, but the participants were 

explicitly asked to write down a memory concerning itch. The AMT-p consisted of 9 pain-

related cue words (see Supplemental Appendix 1) and the participants were explicitly asked 

to write down a memory concerning pain. 

The cue words used for the AMT-i and AMT-p (also the FET-i and FET-p; see subsequent 

text) had been collected from the itch and pain questionnaires, online patient panels, and 

input from a group of volunteers with chronic itch and/or pain symptoms. Subsequently, this 

large pool of words was scored by 5 independent raters on: (1) applicability to itch/pain 

(applicable to itch, pain, or neither); (2) familiarity, ranging from 0 (completely unfamiliar) to 

5 (completely familiar); and (3) conceivability, ranging from 0 (completely not conceivable) to 

5 (completely conceivable). The 18 words that scored the highest on the 3 scales for itch were 

used in the AMT-i and FET-i, and the 18 words that scored the highest on the 3 scales for pain 

were used in the AMT-p and FET-p. 
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Table I. Cue words of the itch version of the adapted Autobiographical Memory Task (AMT-i) and the 

adapted Future Event Task (FET-i).* 

AMT-i FET-i 

Itch remedy (middel tegen jeuk) 

Sunburn peeling (vervellen) 

Rubbing (wrijven) 

Mosquito bite (muggenbult) 

Itchy spot (plek die jeukt) 

Scratching (krabben) 

Wool (wol) 

Eczema (Eczeem) 

Rash (huiduitslag) 

Dry skin (droge huid) 

Scratch open (openkrabben) 

Itchy (jeukend) 

Nettle (brandnetel) 

Bumps (bultjes) 

Tickling (kriebelen) 

Allergy (allergie) 

Skin (huid) 

Itch (Jeuk) 

* Original cue words in Dutch are shown in parantheses. 

Future Event Task 

The FET was used for assessing the specificity of future expectations of participants 

regarding specific cue words. Three different versions of the FET were administered in this 

study: the traditional version (FET-t)22; a version for itch developed by our research group 

(FET-i); and one for pain developed by our research group (FET-p). The FET-i was the focus of 

this study. 

In the 3 versions of the FET, the cue words were consecutively, but in randomized order, 

presented verbally, and participants were asked to write down an expectation in response to 

each cue word. Participants were instructed to write down an autobiographical expectation, 

that is, an expectation of an event that can be personally experienced, which can happen at 

any time in the future, but not on the day of or the day after the administration of the 

instrument. This expectation could be important or not important. Participants were 

instructed not to write down the same event twice. Also in the 3 FET variations, “minimal 

instructions” were used, that is, participants were not explicitly asked to come up with a 

specific expectation but were merely asked “Can you write down an expectation that the word 

X makes you think of?” No examples of correct or incorrect responses were given, and no 

practice items were provided. Participants were given 60 seconds per cue word to write down 

an expectation. 
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The FET-t consisted of 6 positive and 6 negative emotional cue words (eg, happy or sad)22 

(see Supplemental Appendix 1). FET-i and FET-p each included 9 cue words (see Table I for 

FET-i and see Supplemental Appendix 1 for FET-p). The instructions were identical to those of 

the general FET, but the participants were explicitly asked to write down expectations 

concerning itch and pain. 

Coding of AMT and FET 

Once a participant completed a version of the AMT or FET (itch, pain, traditional), they 

were instructed, in line with the procedure used by Debeer et al,21 to assign a code to each 

response according to the following categories: 1 (specific memory/expectation), M (memory 

of an event that occurred more than once/expectation that will occur more than once), or > 

(memory/ expectation of an event lasting for >1 day), or to leave the answer blank (no 

memory/expectation was written down by the participant). 

Afterward, the participants’ responses to the AMT and FET were coded by a trained 

researcher using a method corresponding to that of Debeer et al.21 Memories/ expectations 

were coded as specific (see “1” in preceding paragraph) when they referred to a particular 

event that occurred/will occur within the course of 1 day, at a particular time and place (eg, 

“When I went to the museum last month I wore a wool sweater which was very itchy"). 

Nonspecific memories/expectations were qualified as either extended (a 

memory/expectation of a period lasting for >1 day, eg, “Last week I wore a wool sweater for 

a couple of days”; see “>” in preceding paragraph), categoric (a memory/expectation that 

summarizes a number or category of events, eg, “Every time I wore a wool sweater when I 

was a kid it felt so itchy”; see “M” in preceding paragraph), or semantic associates (verbal 

association with the cue, eg, “Wool sweaters usually itch”). Failure to provide a memory/ 

expectation was classified as an omission. Finally, a category of nonresponses included all 

incomplete responses and all responses on which the instructions had not been followed (ie, 

events mentioned more than once, unrelated to itch/pain, or that occurred on the day of, 

before, or after the administration of the instrument). 

In cases in which a response was not clear to the researcher, the participant’s assigned 

code was used as a guide, unless the researcher considered the answer to be a semantic 

associate or nonresponse (which the participant was not able to assign), in which case the 

researcher decided between semantic associate or nonresponse. If specific, categoric, or 
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extended was the most likely code according to the researcher and this code matched the 

participant’s assigned code, this code was used as the final code. If a participant’s assigned 

code was not one of the researcher’s possibilities, another trained researcher performed the 

coding, and the 2 codes were compared. If there was disagreement between the 2 

researchers, a third trained researcher was consulted and a final code was decided on using 

majority voting. For analysis of the AMT and FET data, the proportion of specific 

memories/expectations relative to the total number of memories/expectations was 

calculated for each participant (eg, AMT-i = [No. of specific responses]/9 – [No. of omissions + 

No. of nonresponses]).21 

Self-referential Endorsement and Recall Task adapted for itch and pain 

The SER23 was used for assessing valence of memories and expectations of participants. 

The SER was adapted by our research group for itch and pain (SER-ip) and included 48 cue 

words (adjectives) presented on a laptop computer. The task included 12 positive and 12 

negative adjectives concerning itch, 12 positive and 12 negative adjectives concerning pain, 

and 8 filler items, administered in randomized order. The cue words used in the SER-ip were 

collected from itch and pain questionnaires, online patient panels, and input from a group of 

volunteers with chronic itch and/or pain complaints and several researchers. Four researchers 

did the final selection of the words. The itch-related cue words were the focus of this study 

(Table II); the pain-related cue words can be found in Supplemental Appendix 2. Participants 

were asked to indicate for each word separately, by clicking “yes” or “no” on the computer 

screen, whether the word described their experience of itch in the past, experience of pain in 

the past, expectation of itch in the future, or expectation of pain in the future. A practice trial 

with general words that were not directly related to itch or pain preceded the actual task to 

ensure that participants understood the instructions. 
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Table II. Itch cue words for the Self-referential Endorsement and Recall task (SER) adapted for itch 

and pain.* 

Adjective type Past Future 

Itch-Positive  Acceptable (acceptabel)  

Reduced (verminderd)  

Manageable (handelbaar)  

Tolerable (verdraagbaar)  

Governable (beheersbaar)  

Overcome (overwonnen)  

Brief (kortdurend)  

Cooled (verkoeld)  

Improved (verbeterd) 

Relieved (verlost)  

Calmed (gekalmeerd) 

Acceptable (aanvaardbaar)  

   

Itch-Negative Annoying (irritant)  

Dominating (allesbeheersend)  

Constraining (dwingend)  

Maddening (gekmakend)  

Provoking (treiterend)  

Tormenting (kwellend)  

Uncontrollable (oncontroleerbaar)  

Untameable (onbedwingbaar)  

Unbearable (ondraaglijk)  

Intense (intens)  

Persistent (hardnekkig)  

Impelling (opjagend) 

* Original cue words in Dutch are shown in parantheses. 

Session 2 

The procedures of the second laboratory visit (session 2) have previously been 

described18 and are summarized here. 

Placebo and nocebo effects regarding itch stimuli were induced by verbal suggestion, 

conditioning, or a combination of both procedures, and compared with those from a control 

group without expectation induction. Itch was induced with an electrical stimulator (Isolated 

Bipolar Constant Current Stimulator DS5; Digitimer, Welwyn Garden City, United Kingdom) at 

a 50-Hz frequency with a pulse duration of 100 ųs and at continuously increasing current 

intensity (0.05 mA/s) to a maximum of 5 mA. The intensity of the stimulation for the low-, 

medium-, and high-intensity stimuli used in the conditioning design was individually 

determined. 

In the learning phase, 18 itch stimuli were applied, of which the intensities depended on 

the manipulation from the experimental group. Each itch stimulus was preceded by a colored 

cue (in total, 6 green, 6 yellow, and 6 red cues) presented on a computer screen. In the learning 

phase of the verbal suggestion group (n = 23), participants were told that different colored 

cues indicated that the stimulus intensity would be altered: “A green cue will signal a decrease 

in itch intensity; a red cue, an increase; and a yellow cue, no change in itch intensity.” 

Regardless of the color of the cue displayed, all itch stimuli were applied at a medium intensity. 
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In the conditioning group (n = 24), the green, yellow, and red cues were repeatedly paired 

with low, medium, and high itch stimulus intensities, respectively. In the conditioning with 

verbal suggestion group (n = 23), the conditioning procedure and the verbal suggestion 

procedure were combined. In the control group (n = 25), no expectations regarding the itch 

stimuli were induced, and the cues were shown with itch stimuli randomly applied at low, 

medium, or high intensity. Subsequently, in the testing phase, 15 stimuli of medium intensity 

were applied in all groups (preceded by, in total, 5 green, 5 yellow, and 5 red cues), together 

with the verbal suggestion that corresponded with the verbal suggestion—if any—given in the 

learning phase (see Bartels et al16). For the purpose of the study, that is, to identify possible 

placebo responders, only the results from the 3 placebo and nocebo induction groups (and 

not the control group) were used for the analyses. 

Statistical Analysis 
All analyses were performed using SPSS version 22.0 (SPSS Inc. Chicago, Illinois). AMT-i 

and FET-i data were available from 78 of 95 participants. Data from 17 participants were 

unavailable because we started the experiment using the standard AMT and FET instructions19 

but noticed almost no variation in participants’ responses (ie, almost all responses were 

specific). Therefore, we switched to the Minimal Instructions version, which for the AMT-t has 

been shown to be more sensitive in detecting reduced autobiographical memory specificity in 

nonclinical individuals than the standard version.21 SER-ip data from 1 participant were 

unavailable due to equipment failure. 

The proportion of specific answers on the AMT-i and FET-i were calculated. Mean SER-

ip scores on endorsement of itch-related words from the 4 categories (positive/negative, 

past/future) were separately calculated. Assumptions (eg, of normality) regarding the FET-i 

and SER-ip statistical test results were violated. Nonparametric tests were used because 

transforming of data did not result in normal distribution. 

For placebo and nocebo responding, the means of the NRS itch scores were calculated 

for the placebo and nocebo effects in the testing phases of the different groups in session 2. 

The nocebo effect was calculated as the difference between the mean itch NRS scores 

associated with the 5 red cues and the 5 yellow cues in the testing phase, and the placebo 

effect was calculated as the difference between the mean itch NRS scores associated with the 

5 green cues and the 5 yellow cues in the testing phase (see Bartels et al16). Subsequently, the 
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median placebo and nocebo effect values from the 3 experimental groups (verbal suggestion, 

conditioning, and verbal suggestion with conditioning) combined were calculated, and 

placebo and nocebo responders were classified as being at or above median, while the 

nonresponders fell into the category of below median. This classification system, used 

separately for the placebo and nocebo effects, created the median-split factor for use in the 

analyses. 

To exploratively investigate the association between memories and expectations with 

regard to specificity and valence, correlation between the specificity of memories (AMT-i) and 

the specificity of expectation (FET-i) was determined in all participants, using the Spearman 

correlation coefficient. Likewise, correlation between the valence (positive/negative) of 

memories and valence of expectations regarding itch (SER-ip) was determined in all 

participants, using the Spearman correlation coefficient. 

To test the hypothesis that placebo responders (based on median-split analysis) had 

more specific memories and expectations regarding itch, while nocebo responders (based on 

median-split analysis) had less specific memories and expectations regarding itch, 2 

independent t tests (regarding the AMT-i) and 2 Mann-Whitney U tests (regarding the FET-i) 

were performed. To test the hypotheses that placebo responders had endorsed more positive 

memories and expectations regarding itch and that nocebo responders had endorsed more 

negative memories and expectations regarding itch, 8 Mann-Whitney U tests were performed. 

For all analyses, the level of significance was set at p < 0.05. 

RESULTS 

Participants 
All 95 participants were of Dutch nationality (a mean [SD] age, 22.7 [3.2] years; 77% 

women). For analysis of AMT and FET, data from 78 participants were available (see Statistical 

Analysis section). This population was not significantly different from the main sample with 

regard to age and sex. 

Correlations Between Memory and Expectations for Itch 
No significant correlations between the proportion of specific memories (AMT-i) and the 

proportion of specific expectations (FET-i) for itch were found. 
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Significant correlations were found between the valence of memories and expectations 

for itch; the positive and negative memories for itch were both significantly correlated with 

positive (rs = 0.422; p < 0.001) and negative (rs = 0.483; p < 0.001) expectations, respectively, 

for itch. This finding suggests that participants who endorsed more positive memories also 

endorsed more positive expectations, while those endorsing more negative memories also 

endorsed more negative expectations. 

Specificity of Itch Memories and Expectations in Relation to the Placebo and 

Nocebo Effects 
The mean (SD) proportions of specific memories (AMT-i) and expectations (FET-i) for the 

placebo and nocebo effects are shown in Table III. An independent samples t test showed that 

the mean (SD) proportion of specific memories generated in response to itch-related cue 

words was significantly greater in the placebo responders than in the placebo nonresponders 

(0.33 [0.15] vs 0.24 [0.15]; t[55] = 2.32; p = 0.024), indicating that participants with more 

specific itch memories responded more strongly to the placebo itch induction. The difference 

between the nocebo responders and nonresponders was not significant (t [55] = 0.91; p = 

0.365). Mann-Whitney U test did not show a significant difference in FET-i specificity between 

the placebo responders and nonresponders (U = 372,500, z = –.534, p = .593) or between the 

nocebo responders and nonresponders (U = 351,000, z = –.910, p = .363). 

Valence of Itch Memories and Expectations in Relation to the Placebo and Nocebo 

Effects 
The mean (SD) values of the valence of memories and expectations regarding itch, as 

measured with the SER-ip, related to the placebo and nocebo effects are shown in Table IV. A 

Mann-Whitney U test showed significantly fewer negative itch-related expected events in the 

future in the placebo responders than in the placebo nonresponders (0.97 [1.48] vs 1.33 

[1.11]; U = 450.50; z = -1.992; p = 0.046), indicating that participants with less negative itch 

expectations responded more strongly to the placebo itch induction. No significant differences 

were found between placebo responders and nonresponders with regard to itch-related 

negative memories (U = 583.00; z = –0.330; p = 0.742), positive memories (U = 603.00; z = –

0.092; p = 0.927), or positive expectations (U = 588.00; z = –0.270; p = 0.788). In nocebo 

responders and nonresponders, no significant differences were found with regard to itch-

related negative memories (U = 581.50; z = –0.371; p = 0.711), negative expectations (U = 
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527.00; z = –.063; p = 0.288), positive memories (U = 537.00; z = –0.926; p = 0.355), or positive 

expectations (U = 544.50; z = –0.813; p = 0.416). 

Table III. Proportions* of specific memories and expectations for the placebo and nocebo effect, as 

measured using the adapted Autobiographical Memory Test for itch (AMT-i) and the adapted Future 

Event Task for itch (FET-i). Data are given as mean (SD). 

 Placebo †  Nocebo †   

Task responders 
(n=31) 

nonresponders 
(n=26) 

responders 
(n=31) 

nonresponders 
(n=26) 

All participants ‡ 
 

AMT-i 0.33 (0.15) 0.24 (0.15) 0.30 (0.15) 0.27 (0.17) 0.29 (0.17) 

FET-i 0.10 (0.15) 0.12 (0.17) 0.12 (0.16) 0.10 (0.16) 0.10 (0.15) 

⁎Theoretical range, 0-1. n Values are based on median split. 

†Includes participants in the different placebo and nocebo inductions/conditions (ie, the verbal 

suggestion, conditioning, and conditioning with verbal suggestion groups; the control group was 

excluded from data analysis).  

‡AMT-i, n = 78; FET-i, n = 77; includes the control group. 

 

Table IV. Valence of memories and expectations for the placebo and nocebo effects on the itch as 

measured with the adapted Self-referential Endorsement and Recall task. Data are given as mean (SD) 

number.  

 Placebo †  Nocebo ‡   

Type/subtask responders 
(n=37) 

nonresponders 
(n=33) 

responders 
(n=35) 

nonresponders  
(n=35) 

All participants§ 
(n=94)   

    
  

Positive           

    memories 4.54 (1.79) 4.76 (1.35) 4.54 (1.520 4.74 (1.67) 4.61 (1.53) 

    expectations 3.46 (1.73) 3.30 (1.31) 3.54 (1.69) 3.23 (1.37) 3.23 (1.53) 

Negative           

    memories 2.84 (1,59) 2.73 (1.42) 2.82 (1.56) 2.74 (1.46) 2.73 (1.58) 

    expectations 0.97 (1.48) 1.33 (1.11) 0.94 (1.14) 1.34 (1.47) 1.13 (1.33) 

†Placebo responders and nonresponders, n = 37 and 33, respectively, based on median split. Includes 

participants in the different placebo and nocebo inductions/conditions (ie, the verbal suggestion, 

conditioning, and conditioning with verbal suggestion groups; the control group was excluded from 

data analysis).  

‡Nocebo responders and nonresponders, n = 35 and 35, respectively, based on median split. Includes 

participants in the different placebo and nocebo inductions/conditions (ie, the verbal suggestion, 
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conditioning, and conditioning with verbal suggestion groups; the control group was excluded from 

data analysis).  

§Includes the control group. 

DISCUSSION 

The findings from the present study suggest that healthy participants’ cognitive schemas 

regarding specificity and valence of memories and expectations for itch are related to placebo 

responding on itch. More specifically, when investigating the cognitive schemas prior to the 

induction of placebo and nocebo effects, the placebo responders displayed more specific 

memories of itch-related events and endorsed fewer negative itch-related expectations for 

the future than did the placebo nonresponders. In nocebo responders, no significant results 

were found with regard to specificity and valence of cognitive schemas. Specificity of 

memories did not seem to be associated with the specificity of expectations, but the valence 

of memories and expectations were significantly correlated for both negative and positive 

valenced cognitive schemas. Overall, the findings from the present study suggest for the first 

time that cognitive memory and expectations tasks may be explored as possible relevant 

predictors of placebo responses. 

The finding concerning specificity of memories and expectations, that is, that placebo 

responders had previously generated more specific itch-related memories than did 

nonresponders, is in line with findings from studies on autobiographical memories in relation 

to psychopathology that indicated that a generalized autobiographic memory, that is, reduced 

specificity of memories, is related to negative outcomes such as depression and trauma-

related psychopathology12 and difficulties with problem solving.13 The tendency to be more 

specific in memory consolidation might be beneficial for the integration of new information, 

such as learning placebo expectations in the present study. It has also been proposed that 

reduced autobiographical memory can result from preliminary stopping of the search for a 

specific memory prior to the retrieval of the specific memory, due to mechanisms such as 

rumination, avoidance, or reduced executive control.12 The imagination of future events is 

sought to occur through the same hierarchical memory system.24 Moreover, more specific 

memories have been shown to be related to a better ability to imagine the future22,25 and thus 

possibly also imagining expectations regarding a certain treatment. This finding was however 
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not supported by the associations between specificity of memories on itch and specificity of 

expectations on itch, which were not significantly associated in our study. In contrast to 

retrieving itch-related specific memories, participants in our study experienced difficulties in 

coming up with (specific) expectations for itch, as reflected by the relatively low FET-i scores, 

which might also explain the lack of the association between itch-related memories and 

expectations. Finally, no significant differences in specificity of memories or expectations for 

itch were found between nocebo responders and nonresponders. This finding could be 

explained by the fact that nocebo effects are easier to induce than are placebo effects, for 

instance by only 1 verbal suggestion,26 and may therefore be less sensitive to previous 

experiences and resulting expectations regarding itch. 

The finding concerning valence of memories and expectations, that is, that placebo 

responders had endorsed fewer negative (but not more positive) itch-related events in the 

future than did nonresponders, is in line with those from the large body of research that shows 

that expectations mediate placebo responses.1 It is also consistent with findings from related 

studies showing that, compared with healthy controls, patients with chronic pain and 

depressed patients endorse more negative illness-related words.23,27 Moreover, it extends this 

knowledge by showing that not only particular expectations regarding the (placebo) 

treatment, but also itch-related expectations irrespective of a treatment, may affect placebo 

itch responding. The link between these generic itch memories and expectations is underlined 

by the present findings of significant associations between endorsement of more positive and 

negative memories and expectations, respectively. However, we did not find significant 

differences in the endorsement of itch-related events in the past between the placebo 

responders and nonresponders. This finding is in contrast to those from previous studies 

showing that previous experiences with a certain treatment14–16 or previous experience with 

a stimulus17 can alter placebo responding. An explanation for this could be that the current 

tasks were conducted in healthy participants whereby we had purposely excluded people with 

any past (or current) experiences with chronic itch. Furthermore, no significant differences 

were found between nocebo responders and nonresponders with regard to valence of 

memories and expectations for itch, which may also be related to nocebo effects being less 

sensitive to previous experiences and resulting in expectations. 
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The present study had some limitations. First, participants had difficulties to come up 

with future expectations regarding itch on the FET. This difficulty may have limited the 

variability in scores and could explain the lack of findings with regard to this task. Second, 

minimal instructions were used for the AMT and FET to achieve more variability in the answers 

of healthy participants. Although previous studies in healthy participants have shown greater 

variability in specific and general answers and a relationship to depressive 

symptomatology,21,28 one cannot exclude that participants came up with more general 

responses because they did not understand the task due to the limited instructions rather 

than due to participants’ generalized retrieval style. Finally, as the present study was 

conducted in a nonclinical homogeneous sample, the conclusions cannot be generalized to 

the general population or to clinical samples, which should be assessed in future research. 

Moreover, several studies regarding memory specificity have shown that the mechanisms 

underlying the retrieval of specific memories might differ between patients and healthy 

participants.29,30 Therefore it is not yet clear whether and how specificity and valence of 

memories and expectations regarding itch affect learning of placebo and nocebo itch 

responding in clinical groups, and patients with chronic itch in particular, which could be 

addressed in future studies. 

This research suggests a relationship between cognitive schemas for memories and 

expectations regarding itch and placebo responding on itch. It suggests that investigating 

specificity and valence of memories and expectations seems useful for obtaining insight into 

the individual differences in placebo responses to further identify possible placebo 

responders. In the long term, these findings could be useful for identifying patients who will 

benefit most from the placebo components of a treatment. 
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Supplemetary Materials Chapter 6 

Appendix 1. Cue words for the traditional version of the AMT and FET  

AMT FET 

Happy (gelukkig) 

Interest (belangstellend) 

Successful (succesvol) 

Safe (veilig) 

Surprised (verrast) 

Proud (trots)  

Sad (verdrietig) 

Angry (boos) 

Clumsy (onhandig)  

Hurt (gekwetst) 

Lonely (eenzaam) 

Guilty (schuldig) 

Laughing (lachen) 

Gift (cadeau) 

Relaxed (ontspannen) 

Compliment (compliment) 

Enthusiastic (enthousiast) 

Helpful (behulpzaam) 

Crying (huilen) 

(Being) late (Laat (zijn)) 

Fight (ruzie) 

Failing (fallen) 

Nervous (zenuwachtig) 

Disappointed (teleurgesteld) 

Cue words of the traditional version of the Autobiographical Memory Task (AMT-t) and the Future 

Event Task (FET-t). The cue words translated to English and the original cue words used in Dutch are 

displayed. 

 

Appendix 2. Pain cue words for the SER 

 Past Future 

Pain Positive 

adjectives 

Tolerable (tolerabel)  

Decreased (afgenomen)  

Manageable (hanteerbaar)  

Temporary (voorbijgaand)  

Cured (genezen)  

Healed (geheeld)  

Bearable (draaglijk)  

Controllable (controleerbaar)  

Maintainable (houdbaar)  

Eased (verzacht)  

Tamed (bedwongen)  

Eased (verlicht)  

   

Pain Negative 

adjectives 

Overwhelming (overweldigend)  

Penetrating (doordringend)  

Untenable (onhoudbaar) 

Nagging (zeurend)  

Ungovernable (onbeheersbaar)  

Exhausting (afmattend)  

Burdening (belastend) 

Merciless (genadeloos)  

Debilitating (slopend)  

Heavy (hevig) 

Continuous (aanhoudend)  

Disturbing (verontrustend)  

Pain cue words of the Self-referential Endorsement and Recall task (SER) adapted for itch and pain. 

The cue words translated to English and the original cue words used in Dutch are displayed 
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SUMMARY  

Placebo and nocebo effects are positive or negative treatment effects respectively, 

unrelated to the treatment mechanism, which are induced by patients’ expectations (1-3). 

Placebo and nocebo effects are known to play a role in treatment effects for various symptoms 

and conditions, especially in the field of pain. The aim of the current disseration was to 

increase understanding of placebo and nocebo effects on itch. 

In Chapter 2, we provided a state of the art overview of the empirical literature on the 

role of placebo and nocebo effects on itch and their predictors with regard to individual 

characteristics. Besides, these findings were compared to what is known in the field of pain. 

We showed that expectancy learning via verbal suggestion and conditioning can induce 

placebo and nocebo effects on itch, by which the combination of both procedures seems most 

promising (see Chapter 3). Furthermore, itch can also be induced ‘contagiously’ in which 

expectations seem to play a role. This is unique for itch, and does not occur to a similar extent 

for pain. Regarding predictors of placebo and nocebo effects on itch and contagious itch, 

preliminary evidence proposes a role for individual psychological characteristics and 

personality traits related to negative outcome expectancies, such as neuroticism, anxiety, 

depression or worrying, however results are mixed. So far, no conclusive predictors for 

placebo and nocebo effects on itch were found.  

In Chapter 3, we experimentally studied the effects of expectancy learning via verbal 

suggestion, conditioning and the combination of both to induce placebo and nocebo effects 

on electrically induced itch in healthy participants. This study showed that significant placebo 

and nocebo effects were induced when combined procedures of conditioning and verbal 

suggestion were applied when compared to a control procedure. The conditioning and verbal 

suggestion procedures applied individually did not result in significant placebo and nocebo 

effects in comparison with the control procedure. These results are in line with research on 

pain and other physical sensations like fatigue or nausea, which has in general shown that 

largest placebo and nocebo effects are obtained when verbal suggestion is combined with 

conditioning. Furthermore, we found indications that individual characteristics related to 

negative outcome expectancies, i.e., more worrying, higher negative affect, less hope and 



Summary & Discussion 

129 
 

lower levels of extraversion, were associated with greater nocebo responses, whereas only a 

significant correlation was found for the magnitude of placebo effects with less hope.  

In Chapter 4, we investigated whether it was possible to reverse previously established 

nocebo effects on itch. To this end, we first induced nocebo effects regarding electrically 

evoked itch in healthy participants using conditioning with verbal suggestion. Subsequently, 

to reduce the nocebo effects, positive expectations were induced by conditioning with verbal 

suggestion (counterconditioning), while in the control conditions, either negative 

expectations were continuously induced or an extinction procedure was applied. Results 

showed that the counterconditioning caused reduced nocebo effects on itch in comparison to 

the control conditions. Moreover, nocebo effects were reversed, indicating a placebo effect. 

We also found indications that the reduction in nocebo effects regarding the electrical 

stimulation generalized to reduced itch evoked by histamine iontophoresis. Individual 

characteristics did not appear to be associated with the observed effects. This study indicates 

that learning via counterconditioning with verbal suggestion seems a promising strategy to 

diminish nocebo effects on itch.  

In Chapter 5, we investigated whether nocebo effects and reversed nocebo effects on 

electrically induced itch (see Chapter 4) generalize to scratching behavior. This experimental 

study showed that participants tend to scratch more when itch stimuli of a higher intensity 

are applied than when itch stimuli of a lower intensity are applied. However, no significant 

nocebo effects or reversed nocebo effects were found on scratching, apart from some indirect 

indications. These findings suggest that despite the close link between itch and scratching, 

generalization of nocebo effects from itch to scratching does not inevitably occur. This could 

possibly depend, among others, on the intensity of experienced itch or the specificity of the 

verbal suggestion, which only targeted itch; no additional verbal suggestion regarding 

scratching was provided.  

In Chapter 6, we explored the role of participants’ existing itch-related memories and 

expectations - or cognitive schemas - in placebo and nocebo itch responding. To this end, 

specificity and valance of memories and expectations for itch were assessed in healthy 

participants prior to a placebo and nocebo experiment on itch. Results indicated that 

participants who were more specific in their itch-related memories and who had less negative 

itch-related expectations for the future were more likely to be placebo responders. No 
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significant differences in cognitive schemas were found between the nocebo responders and 

nonresponders. Cognitive schemas of itch related memory and expectations could be 

promising in explaining interindividual differences in placebo itch responding. 

Taken together, the results of the studies presented in this thesis further underline that 

placebo and nocebo effects play a role in itch perception. We found that itch is highly 

susceptible to suggestions and placebo and nocebo effects can be induced on itch by verbal 

suggestion and conditioning. Most notably, our findings show for the first time that 

particularly the combination of conditioning with verbal suggestion is most promising for 

inducing both placebo and nocebo effects on itch, which is in accordance with placebo 

research on pain. Moreover, a new and promising finding is that counterconditioning has 

shown to reverse nocebo effects on itch. Future research may build upon the findings of this 

thesis to further enlarge our knowledge on placebo and nocebo effects on itch and how to 

maximize or minimize them, respectively, also in a clinical setting, to eventually optimize 

available interventions for patients suffering from chronic itch. 
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GENERAL DISCUSSION 

The main aim of this thesis was to provide insight into the role of expectancy learning in 

placebo and nocebo effects on itch. More specifically, we studied the effectiveness of the 

different expectation inductions of verbal suggestion and conditioning on experimentally 

induced itch in healthy individuals. We also investigated how nocebo effects on itch can be 

reduced. Moreover, we explored if induced nocebo and placebo effects on itch generalize to 

other itch stimuli and scratching behavior. Additionally, we explored the role of individual 

psychological characteristics involved in placebo and nocebo responding. In this final chapter, 

we summarize and discuss the main findings presented in this thesis. We will address 

limitations, discuss the implications of the findings, and we present directions for future 

studies.  

Learning mechanisms in placebo and nocebo effects on itch 

In the current thesis we particularly investigated the effects of two methods of inducing 

placebo and nocebo effects on itch and reducing nocebo effects on itch (Chapter 3 & 4). 

Specifically, we investigated placebo and nocebo effects induced by verbal suggestion and 

conditioning, as well as the combination of these expectation inductions. Moreover, the 

combination of verbal suggestion and conditioning was used to reverse established nocebo 

effects on itch. 

Verbal suggestion 
Our experiment as described in Chapter 3 investigating whether verbal suggestion 

and/or conditioning could induce placebo and nocebo effects on itch did not show that 

placebo or nocebo effects can be induced by verbal suggestions alone. More specifically, 

verbal suggestion elicited a marginally significant nocebo effect on itch in comparison with a 

control procedure in the testing phase. However indirectly, significant nocebo effects were 

induced in the learning phase of the verbal suggestion group, in which the procedure is exactly 

the same as in the testing phase. So, perhaps the nocebo effects were already partly 

extinguished in the testing phase. In addition, no significant placebo effects were induced by 

verbal suggestion when compared with the control group, although the verbal suggestions 
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resulted in significantly lower levels of itch in the testing phase for the itch stimuli associated 

with the placebo cues versus the neutral cues (within-subjects effect). 

Our results pertaining verbal suggestions are overall in line with other studies conducted 

on placebo- and nocebo-(like) effects on itch. With regard to placebo effects, only Darragh 

and colleagues (4) were successful in reducing reported itch sensations during a histamine skin 

prick procedure, using only verbal suggestion regarding the effects of an inert placebo cream. 

One study on histamine iontophoresis provided indirect evidence for induction of placebo 

effects on itch by verbal suggestion (5), but other studies failed to induce placebo effects using 

verbal suggestions (6-9). These mixed results indicate that more research is needed to 

understand under which circumstances verbal suggestions can induce placebo effects on itch. 

With regard to nocebo effects on itch, apart from our experiment, only nocebo-like effects 

were previously described since the verbal suggestion in former studies were not attributed 

to a certain inert (nocebo) stimulus like an electrode or pill (7, 10, 11). Altogether these studies 

showed that the experience of itch can be aggravated by verbal suggestions. Moreover, as 

demonstrated by contagious itch research, itch seems highly susceptible to suggestion and 

can be aggravated by audiovisual stimuli (12). In our experiment described in Chapter 3, we 

used two phases (learning phase for the conditioning procedures and testing phase to test for 

nocebo (and placebo) effects). This has probably led to extinction of effects that were present 

in the first (learning) phase, whereas to test for effects of verbal suggestion one single phase 

is sufficient (13). It can be concluded that verbal suggestions can alter the experience of itch, 

although results are mixed and not robust. This might imply that using verbal suggestions for 

itch may be effective only under certain circumstances, for example depending on the amount 

of testing trials or characteristics of the verbal suggestion, and for a limited duration. 

Conditioning 
Previous research in for example pain showed that conditioning is an effective and 

robust way to induce placebo and nocebo effects. However, most of these studies combined 

conditioning with verbal suggestions. We were the first to investigate the role of conditioning 

- without verbal suggestion - in placebo and nocebo effects on itch (Chapter 3). Results of our 

experiment showed that solely conditioning did not elicit significant nocebo or placebo effects 

on itch when compared to a control procedure. The few studies on pain, investigating 

conditioning without verbal suggestion, yielded mixed results (14-19). Generally, in these 



Summary and Discussion 

133 

studies significant nocebo or placebo effects were found when more or longer lasting learning 

trials were used (15-19). It is known from the conditioning literature that conditioned effects 

are stronger when more pairings of the conditioned stimulus (CS) and unconditioned stimulus 

(US) are applied. Additional experience with repeated CS – US trials provides the opportunity 

to obtain more information about the relationship between stimuli through contingency 

learning (20). When using more or longer conditioning trials, the learned association may 

become more predictable. It could be that the exposure to the paired CS – US trials in our 

experiment was not sufficient to result in associations about the causal relationship between 

the placebo/ nocebo stimuli and low and high intensity itch stimuli. 

Combination of conditioning and verbal suggestion 
Although we found in our experiment that neither verbal suggestion nor conditioning 

alone did result in significant placebo or nocebo effects on itch (see previous paragraphs), 

combining both procedures led to significant and robust placebo and nocebo effects on itch 

(Chapter 3). Because of the successful induction of placebo and nocebo effects on itch by the 

combination of conditioning and verbal suggestion in that study, we decided to also use this 

combined procedure for our subsequent experiment in which we wanted to induce nocebo 

effects as baseline (Chapter 4). Again in this experiment, significant nocebo effects on itch 

were induced when conditioning and verbal suggestion were combined. These results are 

consistent with findings of subsequent studies in healthy participants (21), but even so in 

patients with atopic dermatitis (22). Especially for itch, which seems highly susceptible to 

external cues (12), adding verbal suggestions to the conditioning procedure might facilitate 

the induction of placebo and nocebo effects. That placebo and nocebo on itch are most 

effectively induced with a combination of both conditioning and verbal suggestion is also in 

line with placebo and nocebo research in for example pain (13, 23, 24). Combining different 

methods to induce expectations, each activating different learning processes (i.e., 

conditioning and instructional learning), seems especially effective (25). Conditioning can 

shape both automatic and conscious expectations about a given cue (26) and the addition of 

verbal suggestions might reinforce the learning. However, so far studies exploring the possible 

additive and interactive effects when aiming at multiple learning processes in itch or pain 

remain limited and more research into the comparative and combined effects of different 

expectation inductions is necessary. 



Chapter 7 

134 

Reversing nocebo effects on itch 
Due to the major impact of nocebo effects in clinical practice, researchers increasingly 

hint at examining ways to minimize nocebo effects to improve clinical outcomes. In this thesis, 

we showed that nocebo effects on itch can be experimentally reduced by counterconditioning 

(Chapter 4). After initially inducing nocebo effects on itch at baseline, positive (placebo) 

expectations were induced to counteract nocebo effects (Chapter 4). We found that nocebo 

effects on itch can be reduced by this positive expectation induction consisting of a combined 

conditioning and verbal suggestion procedure. Moreover, nocebo effects were even reversed 

after counterconditioning, demonstrating significant placebo effects. This finding extends 

results of a study on nocebo-like effects regarding health effects of wind turbine sound 

induced by verbal suggestions (27). Crichton and colleagues showed that positively framed 

information regarding health effects of wind turbine sound can dilute or even reverse the 

effects of negative expectations (27). Furthermore, the successful reversal of nocebo effects 

on itch when using counterconditioning is consistent with a large body of research showing 

that counterconditioning can effectively change learned behavior in, for example, fear and 

evaluative conditioning paradigms (28). The results of the study described in Chapter 4 that 

also nocebo effects on itch can be changed through counterconditioning, suggests that 

learning via counterconditioning and verbal suggestion might represent a promising strategy 

to diminish nocebo effects on itch in clinical practice. 

Generalization of placebo and nocebo effects on itch to another itch stimulus and 

scratching  
The studies presented in the current thesis indicate that generalization might play a role 

in placebo and nocebo effects on itch. In Chapter 4 we found that reduced nocebo effects 

regarding electrically evoked itch generalized to a different itch stimulus, namely histamine 

iontophoresis. This is in line with previous research on generalization showing that placebo 

and nocebo effects can generalize to novel but related stimuli (29, 30). We did not find direct 

support for generalization of nocebo effects on itch to a different modality, namely scratching. 

This is contrary to previous related studies on contagious itch, showing that expectation 

inductions addressing itch can also influence scratching behavior of participants (12). More 

research into generalization of placebo and nocebo effects on itch is needed since 

generalization can possibly explain placebo and nocebo effects occurring in unconditioned, 
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but related situations (such as new itch medication, a new physician or hospital setting), and 

can possibly transfer to different symptoms.  

Individual differences 

There is a substantial interindividual variability in placebo and nocebo effects, which 

may partly be related to individual characteristics like personality traits (31, 32). In the 

different experiments of this thesis, we explored several individual characteristics regarding 

personality traits and affective states in relation to placebo and nocebo responding on itch as 

well as counterconditioning of nocebo effects on itch (Chapters 3, 4 and 6). Although we found 

some indications for worrying, negative affect, hope, and extraversion to be associated with 

nocebo effects on itch, none of the characteristics stood out and replicably demonstrated to 

play a role in placebo or nocebo responding on itch. Our results are generally in line with first 

indications from studies on contagious itch that suggest a relationship between higher levels 

of contagious itch and negative mood (33, 34) as well as neuroticism (35). However, more 

research with sufficient power is required to support the consistency and validity of these 

findings. Also in the field of pain, there is a lack of systematic research in individual 

characteristics predicting placebo and nocebo responses (31, 36). Possibly, interactions 

between individual characteristics and situational factors like the targeted symptom or 

method of expectation induction play a role. For example, a recent study in conditioned 

placebo effects on pain, investigating the role of verbally induced expectations and frequently 

reported predictive characteristics (i.e., dispositional optimism, anxiety state, and gender), 

has demonstrated that placebo effects were not only influenced by expectancy levels (verbal 

suggestions concerning no, low or high expectations for pain reduction) or individual 

characteristics alone, but also depended on their interactions (37). For example, participants 

who were more optimistic showed greater placebo effects, but only in the low expectancy 

group and not in the high expectancy group (37). Furthermore, the role of biomarkers such as 

genetic predispositions in relation to placebo and nocebo effects on itch could be investigated, 

given their potentially predictive value in placebo or nocebo effects on pain (38-40). 

Given the relevance of previous experiences and related memories in the formation of 

expectations, in Chapter 6 the role of cognitive schemas (i.e., mental structure in which 

thoughts, information, and their inter-relationships are categorized) of memories about the 
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past and expectations about the future was tested in placebo and nocebo responding on itch 

with a method adjusted from the pain literature (41-43). Findings showed that placebo 

responders retrieved more specific memories of itch-related events and endorsed fewer 

negative itch-related expectations for the future than did the placebo nonresponders. No 

differences in cognitive schemas were found between nocebo responders and nocebo 

nonresponders. This is the first study on placebo and nocebo effects with this unique 

approach, which was inspired by previous research in the field of psychopathology indicating 

that reduced specificity of memories is related to several negative outcomes such as 

depression, trauma-related psychopathology and difficulties in problem solving (44, 45). 

Although cognitive schemas do not seem to explain a large part of placebo and nocebo 

responding, it is a promising target that demands further study in relation to placebo and 

nocebo effects.  

Limitations 

The research presented in this thesis should be regarded in the light of certain 

limitations. Limitations concerning external validity are discussed first. To begin with, the 

study population in this thesis included healthy participants only. Although it is important to 

study mechanisms underlying placebo and nocebo effects as well as the minimization of 

nocebo effects in a healthy state, findings are not directly generalizable to clinical contexts for 

the following reasons. Patients might respond differently to itch stimuli and expectation 

inductions than healthy participants. For instance, a recent review and meta-analysis by van 

Laarhoven and colleagues (46) showed that patients react differently to itch stimuli, and more 

strongly on lesional skin in particular, than healthy participants. Sensitization processes are 

likely to be involved (46, 47). Moreover, patients might respond differently to placebo and 

nocebo manipulations than healthy participants. For example greater motivation for itch 

relief, previous negative experiences with regard to treatments, or anxiety may play a larger 

role in patients than in healthy participants (24, 48, 49). A study in contagious itch showed 

that patients with atopic dermatitis (AD) are more susceptible to contagious itch cues than 

healthy individuals (34). With regard to pain, a meta-analysis showed that the magnitude of 

placebo effects is higher in patients than in healthy individuals (48). This indicates that findings 

from studies in healthy individuals possibly underestimate the magnitude of placebo effects 
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in patients (48). However, within-study comparisons do not suggest differences in placebo 

effects on pain between patients and healthy individuals (24, 50). Future studies should 

directly compare the effects of placebo and nocebo manipulations regarding itch stimuli 

between healthy participants and patient samples. 

Second, we used short-lasting experimental itch stimuli of moderate intensity in artificial 

laboratory settings that cannot directly be generalized to itch sensations in daily life (51). Itch 

in daily life is often more intense, longer lasting and unpredictable, especially in individuals 

suffering from chronic itch (52). For example, it is not unlikely that nocebo effects are more 

robustly present in patients that suffer from chronic itch, for instance due to their negative 

cognitive schemas regarding the itch (Chapter 6), and might therefore be harder to reduce. 

Furthermore we would like to address some important limitations that concern 

methodological issues. First, participants tended to report decreasing levels of itch as the 

experiment progressed, probably because they habituated to the stimulation (53-55). This 

may have influenced the main findings on nocebo and placebo effects on itch in particular 

because a test phase was always at the end of the experimental session (Chapters 3 and 4). 

Moreover, it could be that the decline in itch resulted in less often reaching the participants’ 

scratch threshold (56), which could have influenced the scratching results, also mainly in the 

test phase of the experiment (Chapter 6). However, since the studies were aimed at 

investigating the effect of learning by conditioning, repeated itch stimulations were required 

and the long duration could not be avoided. Moreover, even though some participants 

experienced hardly any itch at the end of the experiment, sensitivity analysis showed that this 

did not affect the main results on placebo and nocebo effects.  

Second, blinding was not always fully possible because of the nature of the studies. It 

was infeasible to blind the experimenter for the conditions due to the different verbal 

suggestions the experimenter had to provide to the participants in the different groups. This 

might have led to observer or performance biases. However, we tried to maximize blinding on 

all other facets by e.g., not notifying participants about the presence of different groups, by 

randomizing the stimulus order automatically within the stimulation control, and by blinding 

the independent raters of scratching behavior for the conditions. It can also not be excluded 

that participants responded in a way that they thought was expected from them, for example 

because they knew the goal of the study or formed their own hypotheses about the study 
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aims (i.e., socially desirable responding; (57)). This is however not very likely, since we 

assessed participants’ thoughts about the goal of the studies and hardly any participants were 

aware of the true research aims.  

Third, assessing placebo and nocebo effects by self-reported measures can be 

susceptible to response bias like social desirability (57). Although the involvement of response 

bias cannot be factored out and might even be inherent to studying placebo and nocebo 

effects on subjective outcomes (57, 58), additional objective outcomes can be valuable, like 

automatic behavior (e.g., scratching behavior) or neuroimaging outcome measures using 

functional magnetic resonance (fMRI) or positron emission tomography (PET) (59). 

Last, we did not assess explicit expectations participants had about the itch stimuli 

because this could have affected the course of the experiment and results (e.g., demand 

effects). This also implies that it remains uncertain if the placebo and nocebo effects found in 

the present study are accountable to explicit expectations (25). A number of recent studies 

indicate that placebo and nocebo effects can arise without the mediation of explicit 

expectations, in pain among others (e.g., (16, 17, 60)). With regard to itch, more research into 

the underling mediating mechanisms of placebo and nocebo effects is needed.  

Future research directions 

Our studies were aimed at providing insight into the mechanisms underlying placebo 

and nocebo effects on itch. We showed that placebo and nocebo effects can be experimentally 

induced by the combination of conditioning and verbal suggestion and we have shown that 

nocebo effects on itch can also be reversed. Based on these results, recommendations for 

future research can be formulated. Since this area of research is still very immature, there is 

a clear need for future studies to continue to investigate the mechanisms underlying placebo 

and nocebo effects on itch.  

First of all, further research into the different expectation inductions with regard to 

placebo and nocebo effects on itch is needed. With regard to pain, evidence for the role of 

verbal suggestion and conditioning is robust (61, 62). However with regard to itch, replication 

studies are warranted to verify the previously found effects of conditioning and verbal 

suggestion on placebo and nocebo effects (Chapters 2, 3 & 4). Furthermore, conditioning 



Summary and Discussion 

139 

methods could also be used to reduce reliance on medication or medication side effects. For 

example, in the treatment of psoriasis it was demonstrated that after a baseline conditioning 

period with medication (100% of drug dosage on all days) a placebo-controlled dose reduction 

treatment schedule (100% of drug dosage provided on 25 – 50% of the days, placebo on other 

days) resulted in greater skin lesion reduction than in the group whose treatment dose was 

simply reduced (25 – 50% of drug dosage on all days). Moreover the dose-reduction schedule 

was as efficient as the full dose treatment group (100% of drug dosage provided on all days) 

(63). Future studies should investigate the applicability of these dose-extending placebos in 

dermatological treatments. Additionally, observational learning might be another interesting 

expectation induction to explore regarding placebo and nocebo effects on itch (51). In pain, 

observational learning has shown to yield effects of comparable strength to those of 

conditioning with verbal suggestion methods (64-66). Nocebo effects on itch might especially 

be subjective to observational learning due to the contagious nature of itch as described in 

studies on contagious itch (Chapter 2) (12, 67). Future studies might investigate these 

expectation inductions separately and also assess the effects of the combination of 

conditioning, verbal suggestions, and observational learning on placebo and nocebo effects 

on itch. 

Second, placebo and nocebo effects on itch could be investigated regarding different 

human experimental models of itch to study different itch sensations and itch pathways that 

are relevant for different types of pruritus seen in clinical practice (51, 68). Electrically evoked 

itch as used in our studies (Chapters 3, 4, & 5) produces a different sensation of itch than for 

example histamine- or cowhage-evoked itch. Cowhage-evoked itch might provide a model 

that closely resembles itch experienced by patients with, for instance, AD (51, 68). 

Additionally, histamine-evoked itch is mediated through histaminergic pathways, which can 

resemble itch seen in allergy and urticaria (68). Future studies could explore whether 

conditioning with cowhage- or histamine-evoked itch has potential, and test whether the 

effects on conditioning and counterconditioning as demonstrated in the current thesis are 

valid for different experimental models of itch. 

Third, future research might focus on placebo and nocebo inductions directly targeting 

scratching behavior. In Chapter 5, we explored the generalization from nocebo - and reversed 

nocebo - effects from itch to scratching. Where the expectation induction merely aimed at 
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itch, we wanted to assess whether effects on itch generalized to scratching behavior. Although 

we were unable to obtain nocebo effects on scratching behavior within the used design, 

considering the important role of scratching in the maintenance and exacerbation of itch and 

skin conditions (69, 70), future studies could attempt to directly target placebo and nocebo 

effects on scratching behavior.  

Fourth, future research could further investigate determinants of placebo and nocebo 

effects on itch, including individual characteristics. Our review (Chapter 2) and experimental 

studies as described in Chapter 3 & 6 have provided some preliminary indications for a 

possible role of characteristics like anxiety, worrying and specificity of itch related memories 

and expectations in placebo and nocebo effects on itch. However, research is very limited and 

results are not consistent. Future research should thoroughly investigate which individual 

characteristics may predict placebo and nocebo effects on itch, like personality characteristics 

(Chapter 2 & 3) and genetic predispositions (38). For example, in pain research specific 

genotypes or combinations of genotypes (such as COMT haplotypes) have been shown to 

predict placebo responding (71). However, individual characteristics like personality or genetic 

variances can only partly explain placebo responding and interactions with situational factors 

like method of expectation induction are of importance (37, 71). With regard to itch, it might 

be of great value to look into the interactions of individual characteristics and different 

methods of expectation inductions that determine the magnitude of placebo and nocebo 

effects. By tailoring the way a treatment is provided or framed (with verbal suggestions) such 

that it matches the individual patient’s style, we can possibly enhance placebo effects and 

minimize nocebo effects in the clinical setting, and therewith reduce patients’ burden. 

Fifth, we recommend future studies to further investigate neurobiological mechanisms 

in placebo and nocebo effects on itch. Extensive neurobiological research, predominately in 

pain, indicates that placebo and nocebo effects are characterized by changes in brain 

processes (72-74). With regard to itch, so far only two neuroimaging studies on nocebo effects 

have been published (21, 22) and three on contagious itch (35, 75, 76); all providing mixed 

evidence for involved brain processes. Furthermore, these studies report different activated 

brain areas between patients and healthy individuals (21, 22, 35, 75, 76). Possibly, nocebo 

effects on itch are processed differently in patients with chronic itch than in healthy individuals 

(76). Additional research with neuroimaging of placebo and nocebo effects on itch is clearly 
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warranted. Additionally, tracking brain processes during counterconditioning with verbal 

suggestion might also provide new insights and better understanding of the neurobiological 

mechanisms of reversion of nocebo effects on itch, which may contribute to advancing 

treatment effects for chronic itch.  

Sixth, future research should aim to replicate our results in patient groups. As a first 

step, lab studies could be conducted using experimentally evoked itch to investigate the 

effects of verbal suggestion and conditioning, and potentially observational learning, on 

placebo and nocebo effects on itch and scratching in patients with chronic itch. Moreover, it 

is worthwhile to investigate the reversibility of nocebo effects on itch in patient groups, both 

on temporarily induced nocebo effects and nocebo effects that were acquired by experiencing 

clinical itch. Findings from such studies could facilitate the translation of placebo effects to 

clinical settings to integrate expectancy learning in treatments for itch and screen for patients 

who show nocebo effects or are high at risk for nocebo effects. How to maximize the clinical 

utility of placebos will be discussed in the next paragraph. 

Seventh, placebo interventions are usually administered in a deceptive way, which leads 

to ethical issues for clinical practice. Open-label placebo studies avoid this by openly informing 

participants that they receive a placebo and educate them about placebo effects (77). With 

regard to itch, some initial studies on verbal suggestion and on conditioning indicated a 

potential role for open label placebo (5, 6, 78). Future research could further optimize these 

methods and investigate under which circumstances open label placebo can be successful in 

reducing itch. 

Finally, next to these recommendations concerning itch, there is a clear opportunity for 

future research to further investigate the reversibility of nocebo effects in different sensations 

and conditions, like in pain. Directly comparing counterconditioning of nocebo effects on itch 

and e.g., pain provides more insight into general and specific underlying mechanisms. 

Moreover, future studies should explore whether counterconditioning with verbal suggestion 

could provide a promising strategy to reduce nocebo effects for other sensations as well and 

enhance treatment effects across different symptoms and conditions. 
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Clinical implications 

The results of the present thesis indicate that placebo and nocebo effects play an 

important role in the experience of itch. Although further empirical support is required and 

the studies described in this thesis concern experimental research in healthy individuals, some 

tentative implications can be drawn based on the current results and literature. 

First, findings from our review and experimental studies suggest that placebo and 

nocebo effects on itch can be induced by a combination of verbal suggestion and conditioning 

(Chapters 2, 3 & 4) and possibly also by verbal suggestion alone (Chapter 2 & 3). These results 

underline the importance of taking into account patients’ previous experiences with itch 

treatments. Moreover, this emphasizes the importance of how information about a certain 

treatment for itch is provided, for instance by clinicians. Clinicians should pay attention to 

always informing patients about the intended beneficial treatment effects and provide 

realistic information about the expected outcomes (79). This does not only lead to short-term 

positive effects, repeated positive experiences with a treatment may eventually lead to longer 

lasting placebo effects due to conditioning (80, 81). Additionally, information about negative 

side effects should carefully be provided. To minimize nocebo effects, side effects could 

positively be framed, e.g., “70% will not experience itch” (82), patients could be informed 

about how nocebo effects can play a role in their treatment (83), and patients can be provided 

with the option to choose not to receive all information about mild or transient side effects 

(84). Future research should determine the optimal methods of providing information to 

patients in clinical practice, particularly related to itch.  

Second, as demonstrated in Chapter 5, nocebo effects (and possibly placebo effects) on 

itch can generalize to other stimuli. Clinicians should be aware, that also in clinical practice, 

undesired nocebo effects on itch regarding an itch treatment can possibly generalize through 

negative carry-over effects to subsequent itch treatments (85, 86) or to subsequent 

symptoms. 

Third, the study described in Chapter 4 suggests that established nocebo effects on itch 

can be reversed. We showed that nocebo effects on itch can be reversed by 

counterconditioning with verbal suggestion. This might be a promising strategy to reverse 

nocebo effects in clinical practice. For example, before starting a treatment, patients’ 
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expectations, previous treatment experiences, or fear of side effects could be assessed during 

a screening session to identify patients that are high of risk for nocebo effects (79). Moreover, 

people who do not respond well to the treatment, possibly partly due to nocebo effects, could 

be selected. Potential inadequate negative associations about the treatment can 

subsequently be weakened by a ‘booster session’. This implies that there is extra attention to 

provide realistic information about the beneficial treatment effects. Moreover, stimuli that 

were previously associated with negative outcomes (e.g., treatment setting, properties of 

medication or physician) are first associated with positive outcomes, by a counter conditioning 

procedure (Chapter 4), before starting or continuing the treatment. Future research should 

focus on translating these results to itch symptoms. 

Conclusions 

The following main conclusions can be drawn from the findings of the studies presented 

in this thesis.  

Placebo and nocebo effects can be experimentally induced on itch. Most notably, the 

current findings show that particularly the combination of conditioning and verbal suggestion 

is effective for inducing placebo and nocebo effects on itch.  

Previously established nocebo effects on itch can be effectively reduced using 

counterconditioning with verbal suggestion. By this strategy, nocebo effects on itch can even 

be completely reversed resulting in placebo effects.  

Reduced nocebo effects on itch can generalize to different itch stimuli, but no evidence 

was found for generalization of either nocebo effects or reduced nocebo effects on itch to 

scratching behavior.  

Individual characteristics like personality traits or cognitive schemas of itch related 

memories and expectations can possibly partly explain interindividual differences in placebo 

and nocebo itch responding.  

Together, the current thesis provides further evidence for the role of expectancy 

learning in placebo and nocebo effects on itch. Knowledge on the formation, reversion, and 

prediction of placebo and nocebo effects on itch may, in the long term, help improve 
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therapeutic interventions by enhancing placebo effects and reducing nocebo effects in 

patients suffering from chronic itch. 
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Samenvatting (Dutch summary) 

Placebo- en nocebo-effecten zijn respectievelijk positieve en negatieve 

behandeleffecten, welke geen verband houden met het behandelingsmechanisme, maar 

welke kunnen worden toegeschreven aan de verwachtingen van de patiënt. Van placebo- en 

nocebo-effecten is bekend dat ze een rol spelen bij de behandeleffecten van verschillende 

symptomen en aandoeningen, vooral op het gebied van pijn. Het primaire doel van het huidige 

proefschrift was om de kennis van placebo- en nocebo-effecten op het gebied van jeuk te 

vergroten. 

In Hoofdstuk 2 hebben we een overzicht gegeven van de empirische literatuur over 

placebo- en nocebo-effecten bij jeuk en de voorspellers van placebo- en nocebo-effecten bij 

jeuk met betrekking tot individuele kenmerken. Daarnaast werden deze bevindingen 

vergeleken met wat bekend is op het gebied van pijn. We lieten zien dat verwachtingsleren 

via verbale suggestie (het geven van mondelinge of schriftelijke informatie over de uitkomst 

van een bepaalde placebo of actieve behandeling) en conditionering ((associatief leren van 

een relatie tussen een geconditioneerde stimulus (bv. de kleur en vorm van een pil) en een 

ongeconditioneerde stimulus (bv. het actieve bestandsdeel in de pil)) placebo- en nocebo-

effecten op jeuk kan induceren. Aansluitend bij bevindingen uit eerder onderzoek bij pijn, 

bleek dat de combinatie van beide procedures het meest veelbelovend is om placebo- en 

nocebo-effecten te induceren (zie ook hoofdstuk 3). Daarnaast kan jeuk ‘besmettelijk’ zijn: als 

we een ander zien krabben, krijgen we zelf ook jeuk en/of de neiging om te krabben. 

Verwachtingen lijken hierbij een rol te spelen. Dit fenomeen is karakteristiek voor jeuk en 

komt niet in dezelfde mate voor bij bijvoorbeeld pijn. Met betrekking tot voorspellers van 

placebo- en nocebo-effecten op jeuk en besmettelijke jeuk, laat voorlopig bewijs een 

mogelijke rol zien voor individuele psychologische kenmerken en persoonlijkheidskenmerken 

die verband houden met negatieve uitkomstverwachtingen, zoals neuroticisme, angst, 

depressie of piekeren, maar de resultaten zijn gemengd. Tot dusver zijn er geen eenduidige 

voorspellers voor placebo- en nocebo-effecten ten aanzien van jeuk gevonden.  

In Hoofdstuk 3 hebben we in een experiment de effecten onderzocht van 

verwachtingsleren via verbale suggestie, conditionering en de combinatie van beiden, voor 

het induceren van placebo- en nocebo-effecten op elektrisch geïnduceerde jeuk bij gezonde 
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deelnemers. Deze studie toonde aan dat significante placebo- en nocebo-effecten werden 

geïnduceerd wanneer de combinatie van conditionering en verbale suggestie werd toegepast 

in vergelijking met een controleprocedure. Wanneer de conditionering- en verbale 

suggestieprocedure afzonderlijk toegepast werden, resulteerde dit niet in significante 

placebo- en nocebo-effecten in vergelijking met de controleprocedure. De resultaten in deze 

studie zijn vergelijkbaar met onderzoek naar pijn en andere sensaties zoals misselijkheid, 

welke over het algemeen hebben aangetoond dat de grootste placebo- en nocebo-effecten 

worden verkregen wanneer verbale suggestie wordt gecombineerd met conditionering. 

Verder vonden we aanwijzingen dat individuele kenmerken gerelateerd aan negatieve 

uitkomstverwachtingen, zoals meer zorgen maken, hogere negatieve affectiviteit, minder 

hoop en minder extraversie, geassocieerd waren met grotere nocebo-responsen voor jeuk, 

terwijl er slechts één significante correlatie werd gevonden met placebo-effecten, namelijk 

dat grotere placebo effecten voor jeuk samenhingen met minder hoop. 

In Hoofdstuk 4 hebben we onderzocht of het mogelijk was om eerder ontstane nocebo-

effecten op jeuk op te heffen. Daartoe hebben we eerst nocebo-effecten geïnduceerd met 

betrekking tot elektrisch opgewekte jeuk bij gezonde deelnemers met behulp van 

conditionering en verbale suggestie. Vervolgens, om de nocebo-effecten te verminderen, 

werden positieve verwachtingen geïnduceerd door conditionering met verbale suggestie 

(counterconditionering), terwijl in de controlecondities ofwel werd doorgegaan met 

induceren van negatieve verwachtingen of een extinctieprocedure (d.w.z. het herhaaldelijk 

aanbieden van de geconditioneerde stimulus zonder de ongeconditioneerde stimulus) werd 

toegepast. De resultaten toonden aan dat de counterconditionering de nocebo-effecten op 

jeuk verminderde in vergelijking met de controlecondities. De jeukscores waren zelfs dusdanig 

laag, dat het nocebo effect volledig was omgekeerd en er een placebo effect was ontstaan. 

We vonden ook aanwijzingen dat de verminderde nocebo-effecten met betrekking tot jeuk 

opgeroepen door elektrische stimulatie generaliseerden naar verminderde jeuk opgeroepen 

door een andere jeukprikkel, namelijk histamine. Individuele kenmerken bleken niet 

geassocieerd te zijn met de waargenomen effecten op jeuk. Deze studie laat zien dat leren via 

counterconditionering in combinatie met verbale suggestie een veelbelovende strategie lijkt 

om nocebo-effecten ten aanzien van jeuk te verminderen.  
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In Hoofdstuk 5 hebben we onderzocht of nocebo-effecten en gecounterconditioneerde 

nocebo-effecten op elektrisch geïnduceerde jeuk (zie hoofdstuk 4) generaliseren naar 

krabgedrag. Deze experimentele studie toonde aan dat deelnemers meer krabben wanneer 

jeukstimuli met een hogere intensiteit worden toegediend dan wanneer jeukstimuli met een 

lagere intensiteit worden toegediend. Afgezien van enkele indirecte aanwijzingen werden er 

echter geen significante nocebo-effecten of omgekeerde nocebo-effecten op het krabgedrag 

van de deelnemers gevonden. Deze bevindingen suggereren dat ondanks het nauwe verband 

tussen jeuk en krabben, generalisatie van nocebo-effecten van jeuk naar krabben niet 

noodzakelijk hoeft op te treden. Dit zou onder meer verklaard kunnen worden door de matige 

intensiteit van de ervaren jeuk of de specificiteit van de verbale suggestie, die enkel gericht 

was op jeuk; er werd geen aanvullende verbale suggestie met betrekking tot het krabben 

gegeven. 

In Hoofdstuk 6 hebben we onderzocht wat de rol is van jeuk-gerelateerde herinneringen 

en verwachtingen die deelnemers hebben - oftewel cognitieve schema's – bij placebo en 

nocebo effecten op jeuk. Daartoe werden de specificiteit en valentie van herinneringen en 

verwachtingen over jeuk-gerelateerde gebeurtenissen onderzocht bij gezonde deelnemers. 

Dit gebeurde voorafgaand aan deelname aan een placebo- en nocebo-experiment ten aanzien 

van jeuk zoals beschreven in hoofdstuk 3. De resultaten gaven aan dat deelnemers die 

specifieker waren in hun jeuk-gerelateerde herinneringen en die minder negatieve jeuk-

gerelateerde verwachtingen voor de toekomst hadden, vaker placebo-responders dan non-

responders waren, oftewel vaker met jeukvermindering reageerden op de positieve 

verwachtingsinductie. Er werden geen significante verschillen in cognitieve schema's 

gevonden tussen de nocebo-responders en non-responders. Cognitieve schema's van jeuk-

gerelateerde herinneringen en verwachtingen kunnen veelbelovend zijn bij het verklaren van 

interindividuele verschillen op placebo-effecten bij jeuk. 

Tot besluit onderstrepen de bevindingen van de studies in dit proefschrift dat placebo- 

en nocebo-effecten een rol spelen bij jeukbeleving. We vonden dat jeuk zeer ontvankelijk is 

voor suggesties en dat placebo- en nocebo-effecten op jeuk kunnen worden geïnduceerd door 

verbale suggestie en conditionering. Hierbij laten onze bevindingen voor het eerst zien dat 

met name de combinatie van conditionering met verbale suggestie het beste effect 

bewerkstelligt bij het induceren van zowel placebo- als nocebo-effecten op jeuk. Dit is in 



 

154 

overeenstemming met placebo-onderzoek bij pijn. Bovendien, een nieuwe en tevens 

veelbelovende bevinding is dat eerder ontstane nocebo-effecten op jeuk weer kunnen 

worden omgekeerd door middel van counterconditionering. Toekomstig onderzoek kan 

voortbouwen op de bevindingen van dit proefschrift om onze kennis over placebo- en nocebo-

effecten op jeuk verder te vergroten. Deze kennis kan aanknopingspunten bieden om verder 

te onderzoeken hoe we deze placebo- en nocebo-effecten het beste kunnen maximaliseren 

respectievelijk minimaliseren, ook in een klinische setting, om uiteindelijk interventies voor 

patiënten met chronische jeuk te optimaliseren.
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