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Placebo and nocebo effects are, respectively, the helpful and harmful treatment effects
that do not arise from active treatment components. These effects have thus far been
researched most often in pain. It is not yet clear to what extent these findings from pain can
be generalized to other somatic symptoms. This review investigates placebo and nocebo
effects in four other highly prevalent symptoms: dyspnea, fatigue, nausea, and itch. The
role of learning mechanisms (verbal suggestions, conditioning) in placebo and nocebo
effects on various outcomes (self-reported, behavioral, and physiological) of these different
somatic symptoms is explored. A search of experimental studies indicated that, as in
pain, the combination of verbal suggestion and conditioning is generally more effective
than suggestion alone for evoking placebo and nocebo effects. However, conditioning
appears more and verbal suggestions less relevant in symptoms other than pain, with
the exception of placebo effects on fatigue and nocebo effects on itch. Physiological
measures, such as heart rate, lung function, or gastric activity, are rarely affected even
when self-reported symptoms are. Neurobiological correlates are rarely investigated, and
few commonalities appear across symptoms. Expectations generally predict placebo
and nocebo effects for dyspnea and itch but seem less involved in fatigue and nausea.
Individual characteristics do not consistently predict placebo or nocebo effects across
symptoms or studies. In sum, many conclusions deriving from placebo and nocebo
pain studies do appear to apply to other somatic symptoms, but a number of important
differences exist. Understanding what type of learning mechanisms for which symptom
are most likely to trigger placebo and nocebo effects is crucial for generalizing knowledge
for research and therapies across symptoms and can help clinicians to optimize placebo
effects in practice.

Keywords: placebo and nocebo effects, suggestion, conditioning, fatigue, dyspnea, nausea, itch, pain

INTRODUCTION

The placebo effect, the positive treatment outcomes that cannot be ascribed to active treatment
components, has evolved from a nuisance in clinical trials to a phenomenon worth studying in
its own right. Placebo effects can influence clinical outcomes in a meaningful way (1) and, under
optimal conditions, achieve a large magnitude (2, 3). Moreover, placebo effects occur not just
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when a placebo is given, but can potentially enhance any active
treatment that a patient receives (1, 4). Medical outcomes can
be further influenced by the nocebo effect, where, instead of
the positive effect in the case of placebo, harmful treatment side
effects are evoked or increased, or positive treatment effects are
reduced (5, 6).

Most of what we know about placebo and nocebo effects—
their magnitude, their working mechanisms, their physiological
and neurological correlates—comes from the study of these
effects in pain. There are good reasons for this, as pain is well
studied, is the most commonly reported somatic symptom (7),
and can greatly influence quality of life (8). Pain also has the
advantage that it is relatively easy to manipulate and control in
laboratory settings: it can be tuned “up” and “down” by exposing
the participant to different levels of a noxious stimulus such as
heat, cold, or pressure. By contrast, other somatic sensations
generally take more time to evoke (e.g., fatigue) or tend to last for
a time even after the stimulus is removed (e.g., itch and nausea).
This has led to a strong research tradition of studies on placebo
analgesia and nocebo hyperalgesia to emerge in the last century,
using the benefit of cumulative findings in comparable research
settings to thoroughly investigate underlying mechanisms of
these effects.

Placebo and nocebo effects play a role not just in pain, but in
a wide range of conditions and symptoms. The available research
indicates that the underlying mechanisms for these effects might
differ per symptom (9). Accordingly, similar procedures might
lead to very different results when symptoms are very different,
such as pain and hormone levels (10), or to more comparable
results when symptoms are more alike, such as pain and
itch (11). Symptoms can differ on aspects such as conscious
accessibility, the amount of cognitive control one can exert over
it, what physiological systems they are connected to, and the
related conditions and possible pathophysiological pathways
[see, e.g., Ref. (12) for a comparison of itch and pain]. All of
these factors can influence a symptom’s susceptibility to placebo
and nocebo effects or to learning mechanisms that cause them.
The dominant position of pain in placebo and nocebo studies
might give the impression that placebo and nocebo effects are
only impactful for pain, or that they operate in other symptoms
exactly as they do in pain. More importantly, knowing which
findings generalize from pain to other symptoms could lead to
more effective use of placebo and nocebo effects in both research
and clinical practice.

While placebo and nocebo studies of symptoms other
than pain are not as plentiful, some lines of research have
a long history—for example, the placebo effect was studied
in weightlifters and asthmatics in the early 1970s (13, 14).
However, as in pain, these studies tend to focus only on a single
symptom; there is very little comparative work that examines the
similarities and differences between placebo and nocebo effects
on pain and these other symptoms. The current review aims to
help fill that gap. To facilitate the comparison with pain, we will
focus on symptoms that share the features of being subjective,
somatic, and commonly reported in the general population (7,
15-17) and that have been studied in the area of placebo and
nocebo effects: fatigue, dyspnea, nausea, and itch. We will focus

primarily on whether the learning mechanisms that have been
established for pain function similarly for these other symptoms,
with the status of research for each symptom separately being
featured in the discussion. The focus will be on verbal suggestion
and conditioning, as other learning mechanisms (such as
observational learning) are rarely investigated in the included
symptoms [although see Ref. (18) for an exception]. We will first
see whether these learning mechanisms are similarly effective
at inducing placebo and nocebo effects on fatigue, dyspnea,
nausea, and itch as they are at affecting pain. After discussing
these results, we will compare the selected symptoms with pain
in terms of possible underlying mechanisms, specifically the role
of expectations, and individual predictors of placebo and nocebo
responses.

SEARCH STRATEGY AND SELECTION
CRITERIA

We searched the scientific literature for experimental research
on placebo and nocebo effects on subjective, somatic, and
commonly reported symptoms other than pain. The included
symptoms (and related search terms) were as follows: fatigue
(mental fatigue, muscle fatigue), itch (pruritus, antipruritic),
nausea (motion sickness, emetic, antiemetic), dizziness (vertigo,
fainting), and dyspnea (asthma). These terms were entered
in databases PubMed, PsycINFO, and Web of Science in
combination with search terms for placebo and nocebo effects
(placebo effect, placebo effects, nocebo, conditioning, operant
conditioning, classical conditioning, verbal suggestion). Only
those studies were included that either mentioned at least one
of the included symptoms in the suggestion given to participants
or included at least one of these symptoms as a self-reported
outcome after a learning procedure featuring verbal suggestion or
conditioning. Both studies that included healthy participants and
those drawing participants from clinical samples were included.
Only experimental laboratory studies were considered, since
there are many possible reasons for symptom change in clinical
trials and it is unclear whether the change in the placebo group
(placebo response) is actually due to the placebo (placebo effect)
or due to other factors such as natural history [see, e.g., Ref. 4)].
This process resulted in no relevant studies for dizziness, and
thus this symptom was not further considered. Further studies
were added by examining included studies for references and
upon expert recommendation.

To answer the question whether expectations play a role in
placebo and nocebo effects in fatigue, dyspnea, nausea, and
itch, those studies that have explicitly examined participants’
expectations were considered. To examine the question of which
traits identify the placebo responder, the studies included based
on the aforementioned criteria were scanned for individual
characteristics used in moderation analyses. Only variables
measured through questionnaires and gender were identified;
no studies investigating, e.g., genetic factors were found. A brief
summary of the results of included studies can be found in
Table 1, while a detailed overview of every study is available as
Supplemental Material.

Frontiers in Psychiatry | www.frontiersin.org

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org

Wolters et al.

Placebo and Nocebo Across Symptoms

TABLE 1 | Overview of results of included studies.

Learning mechanism Symptom Type of Proportion
measure positive results
Placebo—verbal Fatigue Self-reported 7/13
suggestion
Behavioral 10/11
Physiological 1/5
Dyspnea Self-reported 3/5
Behavioral -
Physiological 1/5
Nausea Self-reported 3/6
Behavioral 0/2
Physiological 0/4
ltch Self-reported 1/6
Behavioral -
Physiological 0/6
Placebo—conditioning Fatigue Self-reported 1/2
Behavioral 2/2
Physiological -
Dyspnea Self-reported -
Behavioral -
Physiological -
Nausea Self-reported 6/7
Behavioral 1/2
Physiological 1/4
Itch Self-reported 2/2
Behavioral 0N
Physiological -
Nocebo—verbal Fatigue Self-reported 1/3
suggestion
Behavioral 1/2
Physiological 01
Dyspnea Self-reported 3/5
Behavioral -
Physiological 3/5
Nausea Self-reported 0/3
Behavioral 1
Physiological 01
Itch Self-reported 5/5
Behavioral M
Physiological 2/2
Nocebo—conditioning Fatigue Self-reported 01
Behavioral i
Physiological -
Dyspnea Self-reported 8/8
Behavioral -
Physiological 5/8
Nausea Self-reported 4/4
Behavioral 2/2
Physiological 01
ltch Self-reported 3/3
Behavioral 01
Physiological -

Positive results: studies where a significant effect was found in the direction matching
the verbal suggestion or learning procedure.

PLACEBO EFFECTS

In the prototypical experimental placebo analgesia study,
participants are exposed to a painful stimulus, and then receive an
inert treatment (the placebo) that is suggested to be an analgesic.
This method is easily converted for use in other symptoms by
changing the noxious stimulus; for example, instead of applying

heat to induce pain, participants cycle on an ergometer to induce
fatigue or sit in a rotation chair to induce nausea. The placebo
itself is also adaptable: for instance, instead of an analgesic cream,
a cream can be described as antiallergenic or an inert inhaler can
be described as a bronchodilator. Some studies do not feature a
separate inert medication, but directly suggest a change in the
method or substance that induces the noxious sensation. For
example, electrical stimulation can be described as very likely or
very unlikely to cause itch.

Placebo effects can be evoked by only the verbal suggestion
of symptom relief, but also by letting participants experience
the reduction in stimulus intensity through a conditioning
procedure. Meta-analyses have shown that in experimental
studies investigating placebo mechanisms, verbal suggestions
alone are on average rather effective at evoking placebo analgesia
(3, 19). This analgesic placebo effect tends to be further enhanced
when verbal suggestion and conditioning are combined (19-
21). Conditioning can also be used to evoke placebo effects by
itself, without verbal suggestions (21-24), but this is less often
investigated in pain and even rarer in most other symptoms
we discuss. Other learning mechanisms, such as letting the
participant observe the effect in another person, are also rarely
examined. Therefore, we will discuss first the effect of only verbal
suggestions, and then all studies using conditioning, either
paired with verbal suggestion or used by itself. Within each of
these categories, fatigue, dyspnea, nausea, and itch are handled
in order.

PLACEBO EFFECTS EVOKED THROUGH
VERBAL SUGGESTIONS

Fatigue. A substantial number of studies have investigated the
effect of a verbal suggestion of reduced fatigue or increased
performance (25-38). In seven of the 13 studies, participants
report a lower sense of fatigue while performing a motor task in
the placebo condition than in a control condition (25, 28-30, 32,
33, 35). The lack of an effect in the remaining studies might be due
to other factors, such as small sample size [Refs. (26, 38); 9 and
10, respectively] or the generic wording of the suggestion [not
specifically directed toward fatigue (31, 34) or suggesting a 50/50
chance of placebo (27)]. Across all of the studies, participants
also perform better; all but one study (37) find that participants
either produced more power or continued a set performance for
longer (26-33, 36, 38). Physiological indications of effort, such
as blood lactate or heart rate, are often measured, but are not
affected in most studies (28, 29, 33, 34, 38), even when the study
found effects on fatigue or performance. A decreased readiness
potential using EEG during repeated finger movements might
indicate that placebo effects on fatigue and performance are
caused by a central action in the preparatory phase of movement
(35). Thus, overall, it seems that verbal suggestions are effective
at reducing experienced fatigue and improving performance,
but this is often not accompanied by the expected changes on
physiological measures.

Dyspnea. Six studies, all using asthmatic participants, have
investigated the placebo effect induced by a verbal suggestion
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on dyspnea (39-44). Three of the five studies that examined
self-reported dyspnea report a decrease in symptoms (39, 42,
43). Participants in these studies first received a suggestion
of bronchoconstriction (39, 42) or were denied their normal
asthma medication (42, 43) before offering participants the
placebo which was suggested to improve their breathing. The
two studies that report non-significant findings on self-reported
dyspnea (40, 44) tested the placebo without first inducing
breathing problems. It is likely that a reduction of dyspnea is only
expected or possible when it is clearly present in the first place.
None of the studies found an effect on measures of lung function
(39, 40, 42, 44), except Kemeny and colleagues (41), who did
not examine self-reported dyspnea but found an improvement
on airway reactivity after a placebo induction. No behavioral or
neurological measures were collected. The tentative conclusion
from these limited findings is that an existing feeling of dyspnea
can be reduced by a verbal suggestion, but likely without
accompanying physiological changes [which are themselves not
strongly correlated to subjective asthma symptoms; see, e.g., Ref.
(45)].

Nausea. Eight studies have examined the effect of suggestion
of reduced nausea (46-53). Three studies show placebo effects
on nausea experienced during a nausea-inducing activity after
verbal suggestions (47, 48, 51), although the effect was limited to
women in one study (51) and to men in another (48). A possible
reason for the non-significant findings in the other studies (46,
52, 53) is that in these studies, participants were not previously
made familiar with the nausea-inducing task, possibly resulting
in a low expectation of nausea that cannot be reduced further
with placebo. Other studies have shown that suggestions of
reduced nausea can reduce the disgust experienced when viewing
disgusting stimuli (49, 50). With respect to behavioral outcomes,
participants did not tolerate the nauseating stimulus for longer
after a verbal suggestion of a ginger treatment, regardless of
whether there was an effect on reported symptoms (51, 52).
Similarly, no differences between the placebo and control groups
were detected with an electrogastrogram in any study (46, 51,
52), except for one (53), where participants who received a
suggestion of reduced nausea actually showed more abnormal
gastric activity. The two functional magnetic resonance imaging
(fMRI) studies (49, 50) indicate an effect of a placebo with the
suggestion of nausea reduction, showing decreased activity in the
insula (particularly the left) and increased connectivity between
the dorsomedial prefrontal cortex and the amygdala. The latter
finding is consistent with processes of cognitive reappraisal
of aversive stimuli, while the insula is a region associated with
disgust and pain perception as well as pain analgesia (54-56).
The overall pattern indicates that a placebo effect on nausea after
verbal suggestion is found only on self-reported measures in
some subgroups and under specific conditions.

Itch. Six recent studies have examined the effect of suggestions
on itch (11, 34, 57-60). In most studies experienced itch was not
successfully reduced (11, 34, 57, 59, 60), although it was in one
study (58). All but one of the studies that did not find an effect gave
only the suggestion, without a separate placebo (11, 59) or used a
nonspecific suggestion (34, 60). Regardless of self-reported itch,
none of the studies reported an effect on a physiological measure,

be it weal size (58, 59), flare (59), skin temperature (59), heart
rate (34), or skin conductance (34). Taken together, producing
a placebo effect on itch seems to require more than just a verbal
suggestion, with effects appearing only with very convincing
suggestions or under specific circumstances.

Overall, placebo effects from a verbal suggestion do not seem
to be as generally effective in other symptoms as they are in pain.
The many studies showing clear effects on self-reported fatigue
that extend to performance measures echo results on placebo
analgesia, where verbal suggestion alone seems to be effective at
reducing pain (3, 19). However, dyspnea, nausea, and itch were
not reduced after a verbal suggestion in many studies, and seem
to require certain conditions (such as specific phrasing of the
suggestion) to be effective. Physiological correlates such as heart
rate, lung function, or weal size show little evidence of being
affected for any symptom.

PLACEBO EFFECTS EVOKED THROUGH
CONDITIONING

In a conditioning procedure in a placebo study, participants can
personally experience the beneficial effect of the placebo. This is
generally done by modifying the intensity of the presented noxious
stimulus, such as lowering the heat of a heat pain stimulus when a
placebo cream is applied. While conditioning and suggestion were
in the past sometimes seen as competing explanations of placebo
effects, more recent perspectives (61, 62) generally consider them
complementary, both contributing to the expectations that then
influence the experience of noxious sensations. Note that when
a study involves conditioning, this is almost always classical
conditioning; while some studies into operant conditioning in the
context of placebo and nocebo effects exist (63, 64), they are as of
yet too rare too draw any general conclusions.

Fatigue. The combination of verbal suggestion and
conditioning to produce a placebo effect on fatigue has been
much less studied than the effect of verbal suggestion alone.
Only two studies have adopted the method (31, 36). Both studies
also include a group where only verbal suggestion was applied,
allowing conclusions about the added effect of combining the
methods. No effects on fatigue or perceived exhaustion were
found in one study (31), while in the other (36), the self-report
measure was only affected in the combined verbal suggestion
and conditioning group, with no effect of suggestion alone. In
both studies, participants in the combination condition showed
larger effects on physical performance than those who only
received a placebo and the suggestion. The study by Fiorio et al.
(31), using transcranial magnetic stimulation, supports the
idea that a placebo procedure influences a central mechanism
(35), and extends these findings by suggesting that this results
in rapid increases in excitability in the corticospinal system for
the specific muscle involved. While low in number, these studies
suggest greater placebo effects on fatigue and motor performance
when verbal suggestion and conditioning were combined.

Dyspnea. We are not aware of studies using a design combining
verbal suggestion and conditioning or using conditioning alone
that investigated placebo effects on dyspnea.
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Nausea. Two studies have combined verbal suggestion
and conditioning to evoke a placebo effect on nausea (48, 65).
Horing et al. (65) found that a combination of suggestion and
conditioning was effective in reducing both self-reported
nausea symptoms as well as behavioral consequences (how
often participants could move their head during the nauseating
task and how long they could tolerate the task). No results were
found on electrogastrogram measures of digestive tract activity.
The other study (48) similarly found that self-reported nausea
was reduced after a procedure of suggestion and conditioning,
but noted that suggestion seemed to be only effective for men,
while conditioning was only effective for women. Both studies
found an effect that was more elusive in studies that only used a
verbal suggestion, indicating that conditioning may have some
added value in reducing nausea, but further research will have to
elucidate to what extent and for which groups this applies.

For nausea, there is also a line of research into using
conditioning alone, without verbal suggestion, to induce placebo
effects. These studies use two strategies. The firstis overshadowing,
where during a learning phase the nausea-inducing stimulus
is associated with a very salient stimulus (e.g., a strong-tasting
beverage) which is then not present at test (66-68). Because the
nausea is associated with the salient stimulus, the absence of the
stimulus may reduce nausea. The other is latent inhibition, where
participants are exposed to the environment where the nausea
is induced several times before the nausea induction (66, 69,
70). There, the fact that the environment is not just associated
with nausea but also with previous neutral experiences will
make it less nausea-inducing. These protocols have been used
to reduce anticipatory nausea (66-69) and nocebo nausea (70).
This seems to be generally effective (67-70), although the study
implementing both interventions found no differences between
the latent inhibition, overshadowing, combination, and control
groups, and there were some indications that the latent inhibition
intervention actually increased nausea (66). The one behavioral
measure of rotation tolerance was not affected (69). Physiological
results are mixed: some findings for heart rate correspond
to self-report measures (68), but hormone measures either
show no effect (67) or follow the unexpected effect of showing
increased symptoms for latent inhibition (66). The results of the
conditioning studies look promising in reducing self-reported
anticipatory nausea and might stimulate other fields to continue
to develop optimized conditioning procedures.

Itch. Only two studies specifically investigated the effect of
verbal suggestion with conditioning on itch (57, 71). In both
cases, the placebo consisted of an electrode, with the suggestion
that it modified the intensity of the electrically-induced itch.
The first study (57) found that only the combination of verbal
suggestion and conditioning reduced self-reported itch, with
either method individually not producing significant results. The
second study (71) further indicated that this combination could
also reverse nocebo effects on itch that had earlier been induced
by a similar procedure. This reduced itch, however, did not
result in reduced scratching behavior (72). While the evidence
is limited, these studies suggest that the combination of verbal
suggestion and conditioning is needed to successfully induce
placebo effects on itch.

Overall, procedures that combine conditioning and verbal
suggestion seem to more reliably induce a placebo effect on
fatigue, nausea, and itch than those that use verbal suggestion
alone. This aligns with results in pain (20, 21). It should be
noted, however, that these results are based on a small number
of studies, and more confirmatory work will still need to be
done. One possible exception and example is the work in nausea,
where a stronger tradition of studies has confirmed the utility of
conditioning both with and without a verbal suggestion.

NOCEBO EFFECTS

Whereas placebo effects involve the reduction of noxious
symptoms, nocebo effects consist of evoking or enhancing
these symptoms. The experimental setup of a nocebo study is
generally much like a placebo study, where a noxious agent is
applied, and the participant learns through a verbal suggestion or
conditioning to experience it differently. Nocebo research is still
limited because of its relative novelty and the ethical concerns
involved. In pain, studies have shown that nocebo effects require
fewer learning trials than placebo effects (73) and are resistant
to extinction (74). This would suggest more robust findings for
nocebo studies than placebo studies. It has also been suggested
that nocebo effects on pain might be more reliably evoked with
just a verbal suggestion than placebo effects, making the addition
of conditioning less necessary [(20); see also Ref. (2)]. We studied
whether these findings also apply to fatigue, dyspnea, nausea,
and itch.

NOCEBO EFFECTS EVOKED THROUGH
VERBAL SUGGESTIONS

Fatigue. Three studies have investigated a nocebo effect on
fatigue from verbal suggestion alone (25, 75, 76). One study (25)
found that the suggestion of a fatigue-inducing drink increased
participants’ rate of exhaustion, but did not decrease their
performance or influence cardio-respiratory, muscle, and blood
lactate measures, while another found the opposite result, with
no effect on rate of exhaustion but a reduction in force output
(76). The final study (75) did not find increased fatigue after a
nonspecific suggestion of ultrasonic noise. This suggests that
nocebo effects from verbal suggestion are possible for fatigue
when the suggestion is specific enough, but more evidence is
needed.

Dyspnea. Five studies, all using asthmatic participants, have
investigated the nocebo effect of suggestion on dyspnea (39,
40, 42, 44, 77). The results are relatively equivocal: two studies
found an effect on reported symptoms (39, 77) while two others
found no effect (40, 44) and another only found an effect in a
subgroup of highly nervous participants (42). Similarly mixed
results are found for lung measures, with two studies finding
an effect (44, 77), which was not confirmed in two other studies
(40, 42). One study additionally found an effect on a measure
of airway inflammation (40). The evidence for nocebo effects on
dyspnea and related lung function measures arising from verbal
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suggestion alone is thus rather tenuous. The overall results are
very mixed and no clear methodological trend seems to explain
them.

Nausea. There are three studies examining nocebo effects
from verbal suggestion on nausea (46, 75, 78). No studies found
the hypothesized results, reporting no effect on experienced
nausea (75, 78), an effect only in men on motion tolerance (78),
and a reversed effect (46), where reported nausea and gastric
tachyarrhythmia were actually lower for the nocebo group
compared to control. The suggestions used in two of these
studies were not optimal however, either referring generally to
effects of ultrasonic noise (75) or to a drug that would increase
nausea but reduce other symptoms of motion sickness (46).
These studies suggest that verbal suggestions are not effective
for evoking or worsening nausea, but studies using a more
specific or unilateral suggestion may prove to be more effective
in the future.

Itch. Five studies have investigated nocebo effects from the
suggestion of increased itch (11, 79-82). All of them indicate
that self-reported itch worsened after the nocebo suggestion,
although the results were not consistent for every measure in
one study (82). Scratching duration was also increased in one
study in the group that received a very negative compared to
a more neutral suggestion (81), but this also applied to the
group receiving no information, and the difference was only
seen in patients. The results on self-reported measures seem to
transfer to the associated skin reactions (80), although again
not consistently for every measure in one study (82). Napadow
and colleagues (79) also performed fMRI analyses, finding
increased activity in the dorsolateral prefrontal cortex, caudate,
and intraparietal sulcus associated with nocebo itch. These areas
responded in similar ways to an actual allergen, suggesting this
activation may be specific for itch and not applicable to nocebo
effects more generally. The results of these studies indicate
that nocebo suggestions can worsen experienced itch, while
the evidence is more mixed for behavioral and physiological
correlates.

Overall, the studies investigating the effect of only verbal
suggestions to induce nocebo effects are less numerous than
the corresponding placebo studies, and do not provide enough
evidence for solid conclusions. Only in itch are consistent nocebo
effects seen, which may be due to the unique qualities of that
symptom: itch is known to arise even when it is just talked about
or observed in others [contagious itch; see Ref. (83) for a review].
The results for itch seem to most resemble those in pain, where
nocebo effects seem easier to evoke than placebo effects. For
dyspnea and nausea, the results for placebo and nocebo studies
are both mixed, and for fatigue the results for placebo are more
consistent than for nocebo effects.

NOCEBO EFFECTS EVOKED THROUGH
CONDITIONING

Fatigue. We are aware of only a single study that has examined
nocebo effects on fatigue elicited by a combination of verbal
suggestion and conditioning (76). The results indicate no effect

on perceived exhaustion, though this might also be due to a
training effect emerging throughout the repeated sessions of the
experiment. The procedure did lead to an overall reduction in
performance, although the effect was not larger in the condition
combining verbal suggestion and conditioning than in the verbal
suggestion alone condition.

Dyspnea. Eight studies have investigated a nocebo effect
on dyspnea using conditioning. Two of them combine verbal
suggestion and conditioning [Refs. (84-86); note that the latter
two use the same dataset), and six rely on conditioning while
offering either no suggestion or a similar suggestion in both
conditions (87-92). Two studies (84, 87) offer the participant
an inhaler and are thus clearly placebo studies, while the
others expose participants to scented air via a special breathing
apparatus but do not offer a physical treatment that would be
universally recognized as a placebo. All studies show an increase
in self-reported asthma symptoms after conditioning. However,
in some studies this increase in self-reported symptoms applied
only under certain conditions [ie., when the conditioning
procedure featured an unpleasant and not a pleasant scent (89,
91, 92)] or on some of the included measures [Ref. (87); only
subjective airway obstruction was affected, and not feelings of
dyspnea or hyperventilation]. Physiological measures of lung
functioning and breathing were not affected in three studies
(87, 88, 92) while five other studies found an effect on some
of the included physiological outcomes (84, 85, 89-91). Many
of these studies use healthy samples (84-86, 88-90, 92); the
results do not differ systematically between the results of these
studies and those where participants were asthmatics (84, 87)
or psychosomatic patients (91). These studies together provide
convincing evidence that a conditioning procedure can evoke
self-reported symptoms of dyspnea, much more clearly than
verbal suggestion alone, although the results remain somewhat
inconsistent for physiological measures.

Nausea. Four studies have used either conditioning alone (78,
93) or the combination of verbal suggestion and conditioning
(70, 94) to induce nocebo effects on nausea. In all cases, self-
reported nausea was increased in participants, although one
study (78) found the same gender pattern as in placebo nausea,
where women responded more strongly than men to the
conditioning procedure. The gender pattern also applied when
considering how long participants could endure the nausea-
inducing rotation. Another study using only conditioning
(93) found that participants consumed less of a drink that
was associated with the rotation, but no effect on tolerance
of rotation and also no effect on two hormonal outcomes.
The findings indicate that gender may be an important factor
in placebo and nocebo nausea. The combination of verbal
suggestion and conditioning seems to be quite effective at
influencing nausea, and more effective than suggestion alone,
although very limited evidence suggests this might not extend
to physiological correlates of nausea.

Itch. The three available studies indicate that the combination
of verbal suggestion and conditioning is effective for inducing
nocebo effects on itch (57, 71, 95). All of the available studies
find a nocebo effect on self-reported itch when using a procedure
combining suggestion and conditioning, although one follow-up
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analysis (72) did not find consistent effects on scratching
behavior. Moreover, the study by van de Sand et al. (95) used
fMRI to investigate neural activity associated with nocebo
itch, finding increased activity in the rolandic operculum and
increased connectivity between the insula and periaqueductal
grey in the nocebo condition. These results do not correspond
to those found in the earlier fMRI study into nocebo itch (79),
which did not use conditioning and only tested patients. Activity
in the operculum is also found in fMRI nocebo hyperalgesia
studies (96), but these results do not overlap with imaging studies
for other symptoms. While no immediate pattern emerges from
behavioral or physiological outcomes, self-reported itch is
clearly influenced when conditioning and verbal suggestion are
combined.

The low number of studies on nocebo effects that use
conditioning makes it hard to draw a conclusion across symptoms
thatis not pre-emptive. The limited results available would suggest
that nocebo effects on dyspnea and nausea are more robust after
the combination of verbal suggestion and conditioning than they
are after verbal suggestion alone. The combination procedure did
not seem to lead to more robust effects in fatigue, where results
are limited but appear weak, or in itch, where verbal suggestion
alone already produced clear nocebo effects. In this sense, only
the results for itch seems to echo those on pain, where it has
also been suggested that nocebo effects can be evoked as easily
with suggestion alone as with a combination of suggestion and
conditioning (20).

THE MEDIATING ROLE OF
EXPECTANCIES

A common theoretical view is that placebo and nocebo effects
function by means of expectancies: you will feel less pain when
you expect to (61, 97, 98). In pain, research has shown that the
expectation of analgesia or hyperalgesia is indeed a contributing
factor to placebo and nocebo effects [e.g., Refs. (99-100)].
Current theoretical perspectives generally consider verbal
suggestion and conditioning complementary forces that together
influence the expectations that in turn influence the experience
of noxious sensations (61, 62).

Fatigue. One study (25) found a strong relation between the
expectation of increased or decreased fatigue and increases and
decreases in performance. Other studies found an effect of the
suggestion on participants’ expectations, but no relationship
between expectations and fatigue (34) or performance (37).

Dyspnea. De Peuter and colleagues (84) found that participants
undergoing a nocebo procedure had higher expectations for
asthma symptoms as well as higher asthma symptom ratings;
however, expectations were only statistically related for
asthmatics and not the whole sample. From another angle, a
study that specifically tried to not to instill any expectations in
participants also found no effects on dyspnea (101).

Nausea. Four studies have directly investigated the role
expectations in placebo and nocebo effects on nausea (47, 51,
52, 70), but only one of them (47) found the hypothesized effect,
with both expectations of nausea and self-reported nausea lower

in the placebo than in the control group. The other studies show
discrepancies; either expectancies were affected but nausea was
not (52), nausea was effected but expectancies were not (51), or
there was a relationship between expectations and nausea for
nocebo effects but not for placebo effects (70).

Itch. The study by van Laarhoven and colleagues (11) showed
a correlation between expected itch and nocebo-induced itch
ratings. Another study found increased expectations but no
corresponding effect on itch (34), while a third found a relation
between positive expectations and reduced symptoms only in the
experimental group (59). An investigation of the mechanisms
behind placebo and nocebo effects on itch (102) found that
placebo responders self-generated fewer itch expectations in a
separate task, although corresponding results were not found for
nocebo responders.

The available evidence points to differential effects of
expectations for every symptom, with stronger evidence for
expectations as a mediator in itch and some evidence in dyspnea,
but more evidence against a mediating relationship in fatigue and
nausea. Further research is needed to elucidate what underlying
mechanisms might additionally play a role in placebo and nocebo
effects in these symptoms, especially for nausea and fatigue
where expectations might not play an important role. Other
mechanisms such as attention and fear have been suggested [e.g.,
Refs. (103, 104)], but have only been investigated infrequently,
especially outside of pain.

IDENTIFYING THE PLACEBO RESPONDER

The question whether it is possible to recognize the placebo
responder is almost as old as the study of placebo effects itself
(105), but consistent findings have been elusive (106). One
possible reason for the lack of consistent findings could be that
predictors are different for different symptoms. We therefore
review the findings from the included studies for each of the
discussed symptoms.

Fatigue. The only study that investigated outcomes on fatigue
as well as individual characteristics (34) found no moderating
effect of neuroticism, extraversion, positive or negative affectivity,
depression, anxiety, catastrophizing, or body vigilance.

Dyspnea. Based on a fear learning model (107), it has been
hypothesized that participants high in negative affectivity
might respond more strongly to negative suggestions of
impaired breathing. This has been examined in several studies,
with three finding the expected relationship (42, 87, 88) but
four others no relationship (41, 89, 91) or an effect only for
one of six subjective breathing measures (84). Suggestibility
has also been examined as a possible predictor, with one study
finding a relationship (77) that was not confirmed in three
other studies (39, 41, 42). Likewise, no effect was found in
one study for positivity (41). A final study (91) found no effect
for information seeking and a negative effect of a blunting
behavioral style.

Nausea. Two studies investigated the relationship between
a placebo effect and multiple individual characteristics. One
found a larger placebo effect for participants with lower scores
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on general self-efficacy, internal locus of control, generalized
self, and mobility of nervous processes (108), while the other
found no effect of the same variables as well as no effect of
anxiety or optimism (51). As mentioned before, in other studies
an effect is seen for gender, with men showing larger effects
on placebo and nocebo nausea after suggestion and women
showing larger effects after conditioning (48, 78), although one
study also found suggestion effective only in women (51). There
is some indication that this effect may be due to the gender of
the experimenter (52).

Itch. Several studies in itch have examined many individual
characteristics, but found almost no effects for any of them,
regardless of whether they found actual placebo or nocebo
effects (11, 34, 57, 71). The variables investigated in these studies
are theorized to relate to expectations and include neuroticism,
extraversion, positive and negative affectivity, depression,
anxiety, catastrophizing, body vigilance, optimism, hope,
worrying, impulsivity, self-efficacy, general future expectations,
suggestibility, and social desirability characteristics. The only
one of these studies to find effects (57) did so only in the group
where conditioning and verbal suggestion were combined, which
was also the only condition that showed effects. Here, a greater
placebo effect was associated with less hope, while greater nocebo
effects were associated with less hope and extraversion and more
worrying, and negative effect. Another study investigating fewer
variables (109) found a positive relationship between a placebo
effect and ego resiliency but none with neuroticism. Considering
the many variables investigated across these studies, the few
observed associations should be interpreted with care.

Taken together, these results suggest that individual
characteristics do not consistently predict placebo or nocebo
effects on fatigue, dyspnea, nausea, and itch. The search for
predictors is inconvenienced by the fact that different studies
tend to investigate different variables and many results still
need to be replicated. It should also be noted that, compared
to some other symptoms, the type of variables under
consideration is rather narrow, being almost entirely limited
to personality factors. Other placebo and nocebo studies have,
for example, found indications of genetic predispositions
(110) or neurochemical indicators (9). Since placebo effects
seem to be determined by a variety of different factors (social,
psychological, neurobiological, genetic), future studies may
need to incorporate more sophisticated statistical methods to
test the combined effect of several predictors at once in order
to identify the placebo responder [for some recent examples in
pain, see, e.g., Refs. (111, 112)].

DISCUSSION

This review investigated to what extent findings from studies on
placebo analgesia and nocebo hyperalgesia also apply to fatigue,
dyspnea, nausea, and itch. Broad similarities can be observed in
that placebo and nocebo effects are evoked for these symptoms
in a large proportion of studies using similar methods. Some
specific results also appear to be consistent: placebo effects
are more likely after a procedure combining conditioning and

verbal suggestion than verbal suggestion alone, and there is no
clear evidence which individual characteristics predict who will
respond to placebo and who will not. Other findings do not
clearly confirm those in pain. We find little evidence that verbal
suggestion alone can consistently evoke placebo and nocebo
effects across symptoms, with the exception of placebo effects
on fatigue and nocebo effects on itch. For dyspnea and nausea
only, nocebo effects seem to be larger after a combination of
verbal suggestion and conditioning than suggestion alone. There
is some evidence for a mediating role of expectations in placebo
and nocebo effects across symptoms, although to a lesser extent
in nausea or fatigue. Altogether, it seems that placebo and
nocebo studies on pain provide a reasonable starting point for
predicting these effects in other sensations, but a number of
differences caution against extrapolating every finding in pain
to other symptoms.

Each of the sensations we discuss has been studied in a line of
research separated from the others, each with its own strengths
and opportunities for further inquiry. Studies that examine
fatigue tend to come from the field of sport psychology, and
therefore focus on improving athletic performance. This has led
to placebo effects being investigated much more than nocebo
effects. Performance is generally the primary outcome, with
perceived exhaustion as just one extra variable. Participants
in these studies are generally physically active individuals,
sometimes even professional athletes. These factors obviously
limit the generalizability of these findings to medical contexts,
where fatigue is a large problem (113); it remains to be seen to
what extent the findings apply to patients suffering from chronic
or mental fatigue. In the context of improving performance,
investigating mechanisms behind the effect is perhaps a secondary
concern, and fewer studies examine the effect of conditioning
or individual characteristics that predict the response. Several
researchers have, however, started the work of performing tightly
controlled experimental studies that offer more insight into the
exact mechanisms of placebo and nocebo effects on fatigue [e.g.,
Refs. (31, 76)]. It would be fruitful to extend these toward the
clinical domain, especially since two separate trials have already
shown patients suffering from fatigue can benefit from a placebo
intervention (114, 115).

Indyspnea, thereisastrongclinical focus, since the background
of many of these studies comes from the study and treatment of
asthma and somatic symptom disorders. A large proportion of
studies therefore also uses asthmatics as participants. This, in turn,
also limits generalizability for some findings, albeit in another
direction than in the case of fatigue. Since this field features
older studies, it also shows more methodological limitations,
such as low participant numbers, nonspecific suggestions, and
unclear symptom induction methods that can easily be rectified
in new studies. Studies that include both conditioning and verbal
suggestion, allowing the effects to be compared, would also be
a valuable addition. A perhaps bigger issue is that no research
group seems to have focused specifically on placebo and nocebo
effects in dyspnea. This has led to a lack of common methods and
conceptualizations that would facilitate comparisons within the
subdiscipline and to other subdisciplines, despite having one of
the longest traditions of placebo research [reaching as far back
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as the study in Ref. (116)]. This might be helped by systematic
review or meta-analysis, of the type that exists for other fields
[e.g., Refs. (117, 118)].

A clear experimental tradition exists in placebo and nocebo
effects on nausea. The field originated in the study of anticipatory
nausea in chemotherapy (68, 119), so it has a clear clinical angle,
even though later studies focus on healthy participants. The
subdiscipline also sports two dedicated research groups and
insightful reviews (118, 119). A strong theoretical foundation in
conditioning has not only improved upon mixed initial results (46,
52) but has also led to the development of the latent inhibition and
overshadowing paradigms that are, as of yet, rarely applied in the
rest of the placebo literature. We echo earlier calls (120) that these
results should be replicated and applied to other fields of placebo
research. This subdiscipline also offers conclusions that deviate
the most from findings in pain, with an increased importance
of gender [(48, 51, 78); see also Ref. (121) for a recent nuanced
overview] and indications of a reduced role of expectations
(51, 52, 70). The latter finding is further confirmed by findings
in clinical trials that report similarly inconsistent results when
expectations are explicitly investigated (122, 123). Our findings
do appear to fit with earlier speculation that the gustatory system
may have a special capability for unconscious conditioning (124).
Due to its connection with the digestive system, nausea may have
more in common with symptoms like hormone levels that are
more affected by unconscious conditioning than consciously
accessible expectations (10). However, since pain is also affected
by implicit conditioning (125), further comparisons are needed
to resolve this question.

Most studies of placebo and nocebo effects on itch are
comparatively recent. This has allowed the field to benefit from
advances in other subdisciplines, and thus the studies cover
different methods and avoid some of the limitations of earlier
work. Itch studies also feature a large number of individual
variables as possible moderators, although no consistent
findings have emerged. This may be taken as an indication that
individual predictors, at least of the kind that can be measured
by questionnaires, might not provide much further insight in
experimental studies of placebo and nocebo effects. Several
studies in the field have also investigated effects arising from
verbal suggestion without a physical placebo (11, 59, 80-82),
one of which also forgoes deception (59). These are interesting
explorations of alternative applications of placebo effects that
can also be considered in other subdisciplines. Although the
two fMRI studies of nocebo itch do not report clearly congruous
results, this is an important first step in investigating whether
there is a common nocebo network across symptoms.

Aside from pain, fatigue, dyspnea, nausea, and itch, many
other symptoms exist that can be affected by placebo and
nocebo effects. Results indicate effects on variables as varied as
sleep quality (126), symptoms of Parkinson disease (10), and
depression (9). The current review was limited to sensations
that share several important similarities with pain, but the
question of generalizability of course applies to other sensations
as well. Comparisons between these other symptoms can also
answer important questions about underlying mechanisms and
predictors that cannot be answered for the included symptoms

in this review. For example, the neurological underpinnings of
placebo effects in Parkinson disease have been studied more
(9) than similar mechanisms in dyspnea or nausea. Similarly,
there are studies of genetic predictors of placebo effects on pain
(127) and fatigue (115), but the available research does not
allow a comparison of genetic predictors between the symptoms
included in this review. Comparisons might also be valuable for
predictors with clear implications for clinical practice, such as
the perceived cost of the placebo (128, 129), the odds of receiving
placebo (51, 130), the invasiveness of the placebo (131, 132),
other interventions that could enhance the effect of placebos
(133), or pre-existing associations that could influence symptom
acquisition [e.g., the color red being associated with pain (134)].

In order to translate findings to clinical practice, a comparison
must also be made between healthy and patient populations. The
included studies mostly use healthy volunteers as participants,
but a reasonable number focus on patients. While the number of
studies that compare healthy and patient populations is too low
for a meaningful analysis, there is some indication that patients
show different or stronger results (79, 81, 84). A meta-analysis of
placebo-like effects on pain in patients (99) tentatively indicated
that effects on chronic pain are smaller than on experimentally
induced or acute procedural pain, possibly because of a relatively
high number of unsuccessful treatment experiences in chronic pain
patients. These same experiences, however, should theoretically
increase the likelihood of nocebo effects. This is especially relevant
considering multiple theories that argue that certain chronic
conditions may be exacerbated by or find their etiology in learning
effects (107, 135, 136). These theories focus on sensitization, fear
learning, conditioning, and generalization, which all likely play a
role in nocebo effects. More research that compares healthy groups
to those suffering chronically from the relevant symptoms or
investigates the progression of these chronic complaints is sorely
needed to indicate how much support there is for these theories.
This would allow knowledge of placebo and nocebo effects to be
utilized to prevent the development and aid the treatment of chronic
conditions, such as by counterconditioning the nocebo effect (71).

Our conclusions are limited by the small number of studies
available. More studies are needed for solid conclusions, especially
about nocebo effects and the added value of combining verbal
suggestions with conditioning. Many of the included studies
include methodological limitations, such as a small sample size,
the omission of a baseline measure, ineffective induction of
noxious sensation, or a less convincing verbal suggestion. The
included studies also show a large amount of heterogeneity in
terms of the methods they use to induce noxious sensations or
evoke placebo and nocebo effects. Lastly, the lack of a systematic
approach means the review is not exhaustive.

In conclusion, learning mechanisms of placebo and nocebo
effects show large overlap, but also important differences across
pain, fatigue, dyspnea, nausea, and itch. Knowledge of these
differences can be used to optimally control these effects in
experimental and clinical studies and increase placebo and reduce
nocebo effects in clinical practice. As the separate subdisciplines
for each symptom not only provide different results, but also
differ in the amount and type of studies available, this review also
highlights future promising research possibilities.

Frontiers in Psychiatry | www.frontiersin.org

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org

Wolters et al.

Placebo and Nocebo Across Symptoms

AUTHOR CONTRIBUTIONS

FW drafted the manuscript, supported by AE and KP. All authors
fully read the final draft and provided their approval.

FUNDING

The preparation of this manuscript was supported by an Innovational
Research Incentives Scheme (Vici) grant from the Netherlands

REFERENCES

10.

12.

16.

Klinger R, Colloca L, Bingel U, Flor H. Placebo analgesia: clinical applications.
Pain (2013) 155(6):1-16. doi: 10.1016/j.pain.2013.12.007

Petersen GL, Finnerup NB, Colloca L, Amanzio M, Price DD, Jensen TS,
et al. The magnitude of nocebo effects in pain: a meta-analysis. Pain (2014)
155(8):1426-34. doi: 10.1016/j.pain.2014.04.016

Vase L, Petersen GL, Riley JL, Price DD. Factors contributing to large
analgesic effects in placebo mechanism studies conducted between
2002 and 2007. Pain (2009) 145(1-2):36-44. doi: 10.1016/j.pain.
2009.04.008

Evers AWM, Colloca L, Blease C, Annoni M, Atlas LY, Benedetti E et al.
Implications of placebo and nocebo effects for clinical practice: expert
consensus. Psychother Psychosom (2018) 87(4):204-10. doi: 10.1159/000490354
Benedetti E Lanotte M, Lopiano L, Colloca L. When words are painful:
unraveling the mechanisms of the nocebo effect. Neuroscience (2007)
147(2):260-71. doi: 10.1016/j.neuroscience.2007.02.020

Klinger R, Blasini M, Schmitz J, Colloca L. Nocebo effects in clinical studies.
PAIN Reports (2017) 2(2):e586. doi: 10.1097/PR9.0000000000000586
Kroenke K, Arrington ME, Manglesdorff A. The prevalence of symptoms
in medical outpatients and the adequacy of therapy. Arch Intern Med (1990)
150(8):1685-9. doi: 10.1001/archinte.150.8.1685

Breivik H, Eisenberg E, O’Brien T. The individual and societal burden of
chronic pain in Europe: the case for strategic prioritisation and action to
improve knowledge and availability of appropriate care. BMC Public Health
(2013) 13(1):1229-43. doi: 10.1186/1471-2458-13-1229

Benedetti F Mechanisms of placebo and placebo-related effects across
diseases and treatments. Annu Rev Pharmacol Toxicol (2008) 48(1):33-60.
doi: 10.1146/annurev.pharmtox.48.113006.094711

Benedetti E, Pollo A, Lopiano L, Lanotte M, Vighetti S, Rainero I. Conscious
expectation and unconscious conditioning in analgesic, motor, and
hormonal placebo/nocebo responses. J Neurosci (2003) 23(10):4315-23. doi:
10.1523/JNEUROSCI.23-10-04315.2003

. Van Laarhoven AIM, Vogelaar ML, Wilder-Smith OH, Van Riel PLCM, Van

De Kerkhof PCM, Kraaimaat FW, et al. Induction of nocebo and placebo
effects on itch and pain by verbal suggestions. Pain (2011) 152(7):1486-94.
doi: 10.1016/j.pain.2011.01.043

Schmelz M. Itch and Pain Differences and Commonalities. In: Schaible H-G,
editor. Pain Control, vol. 227. Heidelberg: Springer-Verlag Berlin Heidelberg
(2015). p. 285-301. doi: 10.1007/978-3-662-46450-2_14

Ariel G, Saville W. Anabolic steroids: the physiological effects of placebos.
Med Sci Sports (1972) 4(2):124-6. doi: 10.1249/00005768-197200420-00015
Godfrey S, Silverman M. Demonstration by placebo response in asthma
by means of exercise testing. J Psychosom Res (1973) 17(4):293-7. doi:
10.1016/0022-3999(73)90106-2

Kroenke K. Patients presenting with somatic complaints: epidemiology,
psychiatric co-morbidity and management. Int ] Methods Psychiatr Res
(2003) 12(1):34-43. doi: 10.1002/mpr.140

Matterne U, Apfelbacher C, Loerbroks A, Schwarzer T, Biittner M, Ofenloch R,
et al. Prevalence, correlates and characteristics of chronic pruritus: a
population-based cross-sectional study. Acta Derm Venereol (2011)
91(6):674-9. doi: 10.2340/00015555-1159

Organization for Scientific Research (NWO) (Grant No. 453-16-
004) and an ERC Consolidator Grant from the European Research
Council (ERC) (Grant No. 617700), both granted to AE.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00470/
full#supplementary-material

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Verhoeven EWM, Kraaimaat FW, van de Kerkhof PCM, van Weel C, Duller P,
van der Valk PGM, et al. Prevalence of physical symptoms of itch, pain
and fatigue in patients with skin diseases in general practice. Br ] Dermatol
(2007) 156(6):1346-49. doi: 10.1111/j.1365-2133.2007.07916.x

Lorber W, Mazzoni G, Kirsch I. Illness by suggestion: expectancy, modeling,
and gender in the production of psychosomatic symptoms. Ann Behav Med
(2007) 33(1):112-6. doi: 10.1207/s15324796abm3301_13

Vase L, Riley JL, Price DD. A comparison of placebo effects in clinical
analgesic trials versus studies of placebo analgesia. Pain (2002) 99(3):443-52.
doi: 10.1016/50304-3959(02)00205-1

Colloca L, Sigaudo M, Benedetti F. The role of learning in nocebo and
placebo effects. Pain (2008) 136(1-2):211-8. doi: 10.1016/j.pain.
2008.02.006

Klinger R, Soost S, Flor H, Worm M. Classical conditioning and expectancy
in placebo hypoalgesia: a randomized controlled study in patients with
atopic dermatitis and persons with healthy skin. Pain (2007) 128(1-2):31-9.
doi: 10.1016/j.pain.2006.08.025

Babel P, Bajcar EA, Adamczyk W, Kicman P, Lisifiska N, Swider K, et al.
Classical conditioning without verbal suggestions elicits placebo analgesia
and nocebo hyperalgesia. PLoS One (2017) 12(7):e0181856. doi: 10.1371/
journal.pone.0181856

Brascher AK, Kleinbshl D, Holzl R, Becker S. Differential classical
conditioning of the nocebo effect: increasing heat-pain perception
without verbal suggestions. Front Psychol (2017) 8:1-12. doi: 10.3389/
fpsyg.2017.02163

Brascher AK, Witthoft M, Becker S. The underestimated significance of
conditioning in placebo hypoalgesia and nocebo hyperalgesia. Pain Res
Manag, 2018 (2018) 2018:6841985. doi: 10.1155/2018/6841985

Bottoms L, Buscombe R, Nicholettos A. The placebo and nocebo effects on
peak minute power during incremental arm crank ergometry. Eur J Sports
Sci (2014) 14(4):362-7. doi: 10.1080/17461391.2013.822564

Brietzke C, Asano RY, De Russi de Lima F, Pinheiro FA, Franco-Alvarenga
PE, Ugrinowitsch C, et al. Caffeine effects on VO2max test outcomes
investigated by a placebo perceived-as-caffeine design. Nutr Health (2017)
23(4):231-8. doi: 10.1177/0260106017723547

Broelz EK, Wolf S, Schneeweiss P, Niess AM, Enck P, Weimer K. Increasing
effort without noticing: a randomized controlled pilot study about the
ergogenic placebo effect in endurance athletes and the role of supplement
salience. PLoS One (2018) 13(6):1-14. doi: 10.1371/journal.pone.0198388
Duncan M]. The effect of caffeine ingestion on anaerobic performance in
moderately trained adults. Serbian J Sports Sci (2010) 3(4):99-106.

Duncan MJ, Lyons M, Hankey J. Placebo effects of caffeine on short-term
resistance exercise to failure. Int J Sports Physiol Perform (2009) 4(2):244-53.
doi: 10.1123/ijspp.4.2.244

Fanti-Oren S, Birenbaum-Carmeli D, Eliakim A, Pantanowitz M, Nemet D.
The effect of placebo on endurance capacity in normal weight children —
a randomized trial. BMC Pediatr (2019) 19(15):1-5. doi: 10.1186/
$12887-019-1394-x

Fiorio M, Emadi Andani M, Marotta A, Classen ], Tinazzi M. Placebo-
induced changes in excitatory and inhibitory corticospinal circuits during
motor performance. | Neurosci (2014) 34(11):3993-4005. doi: 10.1523/
JNEUROSCI.3931-13.2014

Frontiers in Psychiatry | www.frontiersin.org

10

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00470/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00470/full#supplementary-material
https://doi.org/10.1016/j.pain.2013.12.007
https://doi.org/10.1016/j.pain.2014.04.016
https://doi.org/10.1016/j.pain.2009.04.008
https://doi.org/10.1016/j.pain.2009.04.008
https://doi.org/10.1159/000490354
https://doi.org/10.1016/j.neuroscience.2007.02.020
https://doi.org/10.1097/PR9.0000000000000586
https://doi.org/10.1001/archinte.150.8.1685
https://doi.org/10.1186/1471-2458-13-1229
https://doi.org/10.1146/annurev.pharmtox.48.113006.094711
https://doi.org/10.1523/JNEUROSCI.23-10-04315.2003
https://doi.org/10.1016/j.pain.2011.01.043
https://doi.org/10.1007/978-3-662-46450-2_14
https://doi.org/10.1249/00005768-197200420-00015
https://doi.org/10.1016/0022-3999(73)90106-2
https://doi.org/10.1002/mpr.140
https://doi.org/10.2340/00015555-1159
https://doi.org/10.1111/j.1365-2133.2007.07916.x
https://doi.org/10.1207/s15324796abm3301_13
https://doi.org/10.1016/S0304-3959(02)00205-1
https://doi.org/10.1016/j.pain.2008.02.006
https://doi.org/10.1016/j.pain.2008.02.006
https://doi.org/10.1016/j.pain.2006.08.025
https://doi.org/10.1371/journal.pone.0181856
https://doi.org/10.1371/journal.pone.0181856
https://doi.org/10.3389/fpsyg.2017.02163
https://doi.org/10.3389/fpsyg.2017.02163
https://doi.org/10.1155/2018/6841985
https://doi.org/10.1080/17461391.2013.822564
https://doi.org/10.1177/0260106017723547
https://doi.org/10.1371/journal.pone.0198388
https://doi.org/10.1123/ijspp.4.2.244
https://doi.org/10.1186/s12887-019-1394-x
https://doi.org/10.1186/s12887-019-1394-x
https://doi.org/10.1523/JNEUROSCI.3931-13.2014
https://doi.org/10.1523/JNEUROSCI.3931-13.2014

Wolters et al.

Placebo and Nocebo Across Symptoms

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Kalasountas V, Reed J, Fitzpatrick J. The effect of placebo-induced changes in
expectancies on maximal force production in college students. J Appl Sports
Psychol (2007) 19(1):116-24. doi: 10.1080/10413200601123736

McClung M, Collins D. “Because i know it will!”: placebo effects of an
ergogenic aid on athletic performance. J Sport Exerc Psychol (2007)
29(3):382-94. doi: 10.1123/jsep.29.3.382

Peerdeman K], Van Laarhoven AIM, Donders ART, Hopman MTE,
Peters ML, Evers AWM. Inducing expectations for health: effects of
verbal suggestion and imagery on pain, itch, and fatigue as indicators of
physical sensitivity. PLoS ONE (2015) 10(10):1-16. doi: 10.1371/journal.
pone.0139563

Piedimonte A, Benedetti F, Carlino E. Placebo-induced decrease in fatigue:
evidence for a central action on the preparatory phase of movement. Eur J
Neurosci (2015) 41(4):492-7. doi: 10.1111/ejn.12806

Pollo A, Carlino E, Benedetti . The top-down influence of ergogenic
placebos on muscle work and fatigue. Eur J Neurosci (2008) 28(2):379-88.
doi: 10.1111/j.1460-9568.2008.06344.x

Tallis J, Muhammad B, Islam M, Duncan MJ. Placebo effects of caffeine on
maximal voluntary concentric force of the knee flexors and extensors. Muscle
Nerve (2016) 54(3):479-86. doi: 10.1002/mus.25060

Tolusso DAVT, Aurent CMAL, Ullenkamp ADAMME Placebo effect:
influence on repeated intermittent sprint performance on consecutive
days. ] Strength Cond Res (2015) 29(7):1915-24. doi: 10.1519/
JSC.0000000000000844

Isenberg SA, Lehrer PM, Hochron S. The effects of suggestion on airways
of asthmatic subjects breathing room air as a suggested bronchoconstrictor
and bronchodilator. ] Psychosom Res (1992) 36(8):769-76. doi:
10.1016/0022-3999(92)90135-0O

Jaén C, Dalton P. Asthma and odors: the role of risk perception in asthma
exacerbation. ] Psychosom Res (2014) 77(4):302-08. doi: 10.1016/j.
jpsychores.2014.07.002

Kemeny ME, Rosenwasser L], Panettieri RA, Rose RM, Berg-Smith SM,
Kline JN. Placebo response in asthma: a robust and objective phenomenon.
J Allergy Clin Immunol Pract (2007) 119(6):1375-81. doi: 10.1016/j.jaci.
2007.03.016

Put C, Van Den Bergh O, Van Ongeval E, De Peuter S, Demedts M, Verleden G.
Negative affectivity and the influence of suggestion on asthma symptoms.
] Psychosom Res (2004) 57(3):249-55. doi: 10.1016/50022-3999(03)00541-5
Wechsler ME, Kelley JM. Active albuterol or placebo, sham acupuncture, or
no intervention in asthma. N Engl ] Med (2011) 365(2):119-26. doi: 10.1056/
NEJMoal103319

Wigal JK, Kotses H, Rawson JC, Creer TL. The effects of suggestion on the
total respiratory resistance of nonasthmatic female subjects. ] Psychosom Res
(1988) 32(4-5):409-16. doi: 10.1016/0022-3999(88)90024-4

Teeter JG, Bleecker ER. Relationship between airway obstruction and
respiratory symptoms in adult asthmatics. Chest (1998) 113(2):272-7. doi:
10.1378/chest.113.2.272

Levine ME, Stern RM, Koch KL. The effects of manipulating expectations
through placebo and nocebo administration on gastric tachyarrhythmia
and motion-induced nausea. Psychosom Med (2006) 68(3):478-86. doi:
10.1097/01.psy.0000221377.52036.50

Miiller V, Remus K, Hoffmann V, Tschop MH, Meissner K. Effectiveness of a
placebo intervention on visually induced nausea in women - a randomized
controlled pilot study. J Psychosom Res (2016) 91:9-11. doi: 10.1016/j.
jpsychores.2016.09.012

Quinn VE Colagiuri B. Sources of placebo-induced relief from nausea: the
role of instruction and conditioning. Psychosom Med (2016) 78(3):365-72.
doi: 10.1097/PSY.0000000000000265

Schienle A, Ubel S, Schongafiner F, Ille R, Scharmiiller W. Disgust regulation
via placebo: an fMRI study. Soc Cogn Affect Neurosci (2014) 9(7):985-90. doi:
10.1093/scan/nst072

Schienle A, Ubel S, Wabnegger A. When opposites lead to the same: a direct
comparison of explicit and implicit disgust regulation via fMRI. Soc Cogn
Affect Neurosci (2017) 12(3):445-51. doi: 10.1093/scan/nsw144

Weimer K, Horing B, Muth ER, Scisco JL, Klosterhalfen S, Enck P. Different
disclosed probabilities to receive an antiemetic equally decrease subjective
symptoms in an experimental placebo study: to be or not to be sure. Clin
Ther (2017) 39(3):487-501. doi: 10.1016/j.clinthera.2016.11.022

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Weimer K, Schulte J, Maichle A, Muth ER, Scisco JL, Horing B, et al.
Effects of ginger and expectations on symptoms of nausea in a balanced
placebo design. PLoS ONE (2012) 7(11):e49031. doi: 10.1371/journal.
pone.0049031

Williamson MJ, Thomas M]J, Stern RM. The contribution of expectations
to motion sickness symptoms and gastric activity. J Psychosom Res (2004)
56(6):721-6. doi: 10.1016/S0022-3999(03)00130-2

Lieberman MD, Jarcho JM, Berman S, Naliboff BD, Suyenobu BY, Mandelkern M,
et al. The neural correlates of placebo effects: a disruption account.
Neuroimage (2004) 22(1):447-55. doi: 10.1016/j.neuroimage.2004.01.037
Wager TD, Atlas LY, Leotti LA, Rilling JK. Predicting individual differences
in placebo analgesia: contributions of brain activity during anticipation
and pain experience. | Neurosci (2011) 31(2):439-52. doi: 10.1523/
JNEUROSCI.3420-10.2011

Zubieta JK, Yau WY, Scott DJ, Stohler CS. Belief or need? Accounting for
individual variations in the neurochemistry of the placebo effect. Brain
Behav Immun (2006) 20(1):15-26. doi: 10.1016/j.bbi.2005.08.006

Bartels DJP, Van Laarhoven AIM, Haverkamp EA, Wilder-Smith OH,
Donders ART, Van Middendorp H, et al. Role of conditioning and verbal
suggestion in placebo and nocebo effects on itch. PLoS One (2014)
9(3):€91727. doi: 10.1371/journal.pone.0091727

Darragh M, Chang JWH, Booth R], Consedine NS. The placebo effect
in inflammatory skin reactions: the influence of verbal suggestion on
itch and weal size. J Psychosom Res (2015) 78(5):489-94. doi: 10.1016/j.
jpsychores.2015.01.011

Meeuwis SH, Van Middendorp H, Veldhuijzen DS, Van Laarhoven
AIM, De Houwer J, Lavrijsen APM, et al. Placebo effects of open-label
verbal suggestions on itch. Acta Derm Venereol (2018) 98(2):268-74. doi:
10.2340/00015555-2823

Skvortsova A, Veldhuijzen DS, Van Middendorp H, Van Den Bergh O, Evers
AWM. Enhancing placebo effects in somatic symptoms through oxytocin.
Psychosom Med (2018) 80(4):353-60. doi: 10.1097/PSY.0000000000000571
Colloca L, Miller FG. How placebo responses are formed: a learning
perspective. Philos Trans R Soc B Biol Sci (2011) 366(1572):1859-69. doi:
10.1098/rstb.2010.0398

Kirsch I, Lynn SJ, Vigorito M, Miller RR. The role of cognition in classical
and operant conditioning. J Clin Psychol (2004) 60(4):369-92. doi: 10.1002/
jclp.10251

Adamczyk WM, Wiercioch-Kuzianik K, Bajcar EA, Babel P. Rewarded
placebo analgesia: a new mechanism of placebo effects based on operant
conditioning. Eur ] Pain (United Kingdom) (2019) 23(5):923-35. doi:
10.1002/ejp.1360

Lenaert B, Jansen R, van Heugten CM. You make me tired: an experimental
test of the role of interpersonal operant conditioning in fatigue. Behav Res
Ther (2018) 103:12-7. doi: 10.1016/j.brat.2018.01.006

Horing B, Weimer K, Schrade D, Muth ER, Scisco JL, Enck P, et al. Reduction
of motion sickness with an enhanced placebo instruction. Psychosom Med
(2013) 75(5):497-504. doi: 10.1097/PSY.0b013e3182915ee7

Hall G, Stockhorst U, Enck P, Klosterhalfen S. Overshadowing and latent
inhibition in nausea-based context conditioning in humans: theoretical and
practical implications. Q J Exp Psychol (Hove) (2015) 69(6):1227-38. doi:
10.1080/17470218.2015.1080739

Stockhorst U, Hall G, Enck P, Klosterhalfen S. Effects of overshadowing on
conditioned and unconditioned nausea in a rotation paradigm with humans.
Exp Brain Res (2014) 232(8):2651-64. doi: 10.1007/s00221-014-3998-6
Stockhorst U, Weiner JA, Klosterhalfen W, Aul C, Steingruber HJ.
Effects of overshadowing on conditioned nausea in cancer patients: an
experimental study. Physiol Behav (1998) 64(5):743-53. doi: 10.1016/
S0031-9384(98)00135-8

Klosterhalfen S, Kellermann S, Stockhorst U, Wolf ], Kirschbaum C, Hall G,
et al. Latent inhibition of rotation chair-induced nausea in healthy male and
female volunteers. Psychosom Med (2005) 67(2):335-40. doi: 10.1097/01.
Ppsy-0000156930.00201.e0

Quinn VE Livesey EJ, Colagiuri B. Latent inhibition reduces nocebo nausea,
even without deception. Ann Behav Med (2017) 51(3):432-41. doi: 10.1007/
$12160-016-9867-8

Bartels DJP, Van Laarhoven AIM, Stroo M, Hijne K, Peerdeman K],
Donders ART, et al. Minimizing nocebo effects by conditioning with verbal

Frontiers in Psychiatry | www.frontiersin.org

11

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1080/10413200601123736
https://doi.org/10.1123/jsep.29.3.382
https://doi.org/10.1371/journal.pone.0139563
https://doi.org/10.1371/journal.pone.0139563
https://doi.org/10.1111/ejn.12806
https://doi.org/10.1111/j.1460-9568.2008.06344.x
https://doi.org/10.1002/mus.25060
https://doi.org/10.1519/JSC.0000000000000844
https://doi.org/10.1519/JSC.0000000000000844
https://doi.org/10.1016/0022-3999(92)90135-O
https://doi.org/10.1016/j.jpsychores.2014.07.002
https://doi.org/10.1016/j.jpsychores.2014.07.002
https://doi.org/10.1016/j.jaci.2007.03.016
https://doi.org/10.1016/j.jaci.2007.03.016
https://doi.org/10.1016/S0022-3999(03)00541-5
https://doi.org/10.1056/NEJMoa1103319
https://doi.org/10.1056/NEJMoa1103319
https://doi.org/10.1016/0022-3999(88)90024-4
https://doi.org/10.1378/chest.113.2.272
https://doi.org/10.1097/01.psy.0000221377.52036.50
https://doi.org/10.1016/j.jpsychores.2016.09.012
https://doi.org/10.1016/j.jpsychores.2016.09.012
https://doi.org/10.1097/PSY.0000000000000265
https://doi.org/10.1093/scan/nst072
https://doi.org/10.1093/scan/nsw144
https://doi.org/10.1016/j.clinthera.2016.11.022
https://doi.org/10.1371/journal.pone.0049031
https://doi.org/10.1371/journal.pone.0049031
https://doi.org/10.1016/S0022-3999(03)00130-2
https://doi.org/10.1016/j.neuroimage.2004.01.037
https://doi.org/10.1523/JNEUROSCI.3420-10.2011
https://doi.org/10.1523/JNEUROSCI.3420-10.2011
https://doi.org/10.1016/j.bbi.2005.08.006
https://doi.org/10.1371/journal.pone.0091727
https://doi.org/10.1016/j.jpsychores.2015.01.011
https://doi.org/10.1016/j.jpsychores.2015.01.011
https://doi.org/10.2340/00015555-2823
https://doi.org/10.1097/PSY.0000000000000571
https://doi.org/10.1098/rstb.2010.0398
https://doi.org/10.1002/jclp.10251
https://doi.org/10.1002/jclp.10251
https://doi.org/10.1002/ejp.1360
https://doi.org/10.1016/j.brat.2018.01.006
https://doi.org/10.1097/PSY.0b013e3182915ee7
https://doi.org/10.1080/17470218.2015.1080739
https://doi.org/10.1007/s00221-014-3998-6
https://doi.org/10.1016/S0031-9384(98)00135-8
https://doi.org/10.1016/S0031-9384(98)00135-8
https://doi.org/10.1097/01.psy.0000156930.00201.e0
https://doi.org/10.1097/01.psy.0000156930.00201.e0
https://doi.org/10.1007/s12160-016-9867-8
https://doi.org/10.1007/s12160-016-9867-8

Wolters et al.

Placebo and Nocebo Across Symptoms

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

suggestion: a randomized clinical trial in healthy humans. PLoS ONE (2017)
12(9):1-19. doi: 10.1371/journal.pone.0182959

Bartels DJP, van Laarhoven AIM, de Kerkhof PCM, Evers AWM. Nocebo
effects and scratching behaviour on itch. Acta Derm Venereol (2018)
98(10):943-50. doi: 10.2340/00015555-2979

Colloca L, Petrovic P, Wager TD, Ingvar M, Benedetti F. How the number of
learning trials affects placebo and nocebo responses. Pain (2010) 151(2):430-
9. doi: 10.1016/j.pain.2010.08.007

Colagiuri B, Quinn VE Colloca L. Nocebo hyperalgesia, partial
reinforcement, and extinction. J Pain (2015) 16(10):995-1004. doi: 10.1016/j.
jpain.2015.06.012

Fletcher MD, Lloyd Jones S, White PR, Dolder CN, Leighton TG, Lineton B.
Effects of very high-frequency sound and ultrasound on humans. Part II: a
double-blind randomized provocation study of inaudible 20-kHz ultrasound.
J Acoust Soc Am (2018) 144(4):2521-31. doi: 10.1121/1.5063818

Pollo A, Carlino E, Vase L, Benedetti F. Preventing motor training through
nocebo suggestions. Eur ] Appl Physiol Occup Physiol (2012) 112(11):3893-
903. doi: 10.1007/500421-012-2333-9

Leigh R, Macqueen G, Tougas G, Hargreave FE, Bienenstock J. Change
in forced expiratory volume in 1 second after sham bronchoconstrictor
in suggestible but not suggestion-resistant asthmatic subjects: a pilot
study. Psychosom Med (2003) 65(5):791-5. doi: 10.1097/01.PSY.
0000079454.48714.1B

Klosterhalfen S, Kellermann S, Braun S, Kowalski A, Schrauth M, Zipfel S,
et al. Gender and the nocebo response following conditioning and expectancy.
] Psychosom Res (2009) 66(4):323-8. doi: 10.1016/j.jpsychores.2008.09.019
Napadow V, Li A, Loggia ML, Kim ], Mawla I, Desbordes G, et al. The
imagined itch: brain circuitry supporting nocebo-induced itch in atopic
dermatitis patients. Allergy (2015) 70(11):1485-92. doi: 10.1111/all.12727
Scholtz OB, Hermanns N. Illness behavor and cognitions influence the
perception of itching of patients suffering from atopic dermatitis. Z Klin
Psychol (1994) 23(2):127-35.

Schut C, Réidel A, Frey L, Gieler U, Kupfer J. Role of personality and
expectations for itch and scratching induced by audiovisual itch stimuli.
Eur J Pain (2016) 20:14-18. doi: 10.1002/ejp.751

Stumpf A, Zerey V, Heuft G, Stinder S, Pfleiderer B, Schneider G. Itch
perception and skin reactions as modulated by verbal suggestions: role of
participant’s and investigator’s sex. Acta Derm Venereol (2016) 96(5):619-23.
doi: 10.2340/00015555-2336

Schut C, Grossman S, Gieler U, Kupfer J, Yosipovitch G. Contagious itch:
what we know and what we would like to know. Front Hum Neurosci (2015)
9:1-6. doi: 10.3389/fnhum.2015.00057

De Peuter S, Van Diest I, Lemaigre V, Li W, Verleden G, Demedts M, et al.
Can subjective asthma symptoms be learned? Psychosom Med (2005)
67(3):454-61. doi: 10.1097/01.psy.0000160470.43167.¢2

Fannes S, Van Diest I, Meulders A, De Peuter S, Vansteenwegen D, Van den
Bergh O. To inhale or not to inhale: conditioned avoidance in breathing
behavior in an odor-20% CO2 paradigm. Biol Psychol (2008) 78(1):87-92.
doi: 10.1016/j.biopsycho.2008.01.003

Meulders A, Fannes S, Van Diest I, De Peuter S, Vansteenwegen D, Van
den Bergh O. Resistance to extinction in an odor-20% CO2 inhalation
paradigm: further evidence for a symptom learning account of multiple
chemical sensitivity. ] Psychosom Res (2010) 68(1):47-56. doi: 10.1016/j.
jpsychores.2009.03.009

De Peuter S, Put C, Lemaigre V, Demedts M, Verleden G, Van Den Bergh O.
Context-evoked overperception in asthma. Psychol Health (2007) 22(6):737-
48. doi: 10.1080/14768320601151702

Devriese S, Winters W, Stegen K, Van Diest I, Veulemans H, Nemery B,
et al. Generalization of acquired somatic symptoms in response to odors:
a pavlovian perspective on multiple chemical sensitivity. Psychosom Med
(2000) 62(6):751-9. doi: 10.1097/00006842-200011000-00003

Van den Bergh O, Kempynck PJ, Van de Woestijne KP, Baeyens F, Eelen P.
Respiratory learning and somatic complaints: a conditioning approach using
CO2-enriched air inhalation. Behav Res Ther (1995) 33(5):517-27. doi:
10.1016/0005-7967(94)00080-4

Van den Bergh O, Stegen K, Diest I. Van, Raes C. E. Al.. Acquisition and
extinction of somatic symptoms in response to odours: a pavlovian

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

paradigm relevant to multiple chemical sensitivity. Occup Environ Med
(1999) 56(5):295-301. doi: 10.1136/0em.56.5.295

Van den Bergh O, Stegen K, Van De Woestijne KP. Learning to have
psychosomatic complaints: conditioning of respiratory behavior and somatic
complaints in psychosomatic patients. Psychosom Med (1997) 59(1):13-23.
doi: 10.1097/00006842-199701000-00003

Van den Bergh O, Stegen K, Van De Woestijne KP. Memory effects on
symptom reporting in a respiratory learning paradigm. Health Psychology
(1998) 17(3):241-8. doi: 10.1037/0278-6133.17.3.241

Klosterhalfen S, Riittgers A, Krumrey E, Otto B, Stockhorst U, Riepl RL, et al.
Pavlovian conditioning of taste aversion using a motion sickness paradigm.
Psychosom Med (2000) 62(5):671-7.doi: 10.1097/00006842-200009000-00011
Quinn VE MacDougall HG, Colagiuri B. Galvanic vestibular stimulation: a
new model of placebo-induced nausea. ] Psychosom Res (2015) 78(5):484-8.
doi: 10.1016/j.jpsychores.2014.12.011

van de Sand MFE, Menz MM, Sprenger C, Biichel C. Nocebo-induced
modulation of cerebral itch processing — an fMRI study. Neuroimage (2018)
166(2017):209-18. doi: 10.1016/j.neuroimage.2017.10.056

Amanzio M, Palermo S, Benedetti F. Nocebo and Pain. In: The Neuroscience of
Pain, Stress, and Emotion: Psychological and Clinical Implications. Cambridge:
Academic Press (2016). doi: 10.1016/B978-0-12-800538-5.00006-6

Kirsch I. Response expectancy as determinant of experience and behavior.
Am Psychol (1985) 40(11):1189-202. doi: 10.1037//0003-066X.40.11.1189
Peerdeman KJ, van Laarhoven AIM, Peters ML, Evers AWM. An integrative
review of the influence of expectancies on pain. Front Psychol (2016) 7:1-7.
doi: 10.3389/fpsyg.2016.01270

Peerdeman KJ, Van Laarhoven AIM, Keij SM, Vase L, Rovers MM, Peters
ML, et al. Relieving patients’ pain with expectation interventions: a meta-
analysis. Pain (2016) 157(6):1179-91. doi: 10.1097/j.pain.0000000000000540
Pollo A, Amanzio M, Arslanian A, Casadio C, Maggi G, Benedetti F
Response expectancies in placebo analgesia and their clinical relevance. Pain
(2001) 93(1):77-84. doi: 10.1016/S0304-3959(01)00296-2

O’Donnell CR, Lansing RW, Schwartzstein RM, Banzett R. The effect of
aerosol saline on laboratory-induced dyspnea. Lung (2017) 195(1):37-42.
doi: 10.1007/s00408-016-9971-3

Bartels DJP, van Laarhoven AIM, Heijmans N, Hermans D, Debeer E, van de
Kerkhof PCM, et al. Cognitive schemas in placebo and nocebo responding:
role of autobiographical memories and expectations. Clin Ther (2017)
39(3):502-12.el. doi: 10.1016/j.clinthera.2017.02.004

Flaten MA, Aslaksen PM, Lyby PS, Bjorkedal E. The relation of emotions to
placebo responses. Philos Trans R Soc B Biol Sci (2011) 366(1572):1818-27.
doi: 10.1098/rstb.2010.0407

Gibbons FX, Carver CS, Scheier MF, Hormuth SE. Self-focused attention
and the placebo effect: fooling some of the people some of the time. ] Exp Soc
Psychol (1979) 15(3):263-74. doi: 10.1016/0022-1031(79)90037-4
Lasagna LC. Placebos. Sci Am (1955) 193:68-71. doi:
scientificamerican0855-68

Kaptchuk T7, Kelley JM, Deykin A, Wayne PM, Lasagna LC, Epstein IO, et al.
Do “placebo responders” exist? Contemp Clin Trials (2008) 29(4):587-95.
doi: 10.1016/j.cct.2008.02.002

Janssens T, Verleden G, De Peuter S, Van Diest I, Van den Bergh O.
Inaccurate perception of asthma symptoms: a cognitive-affective framework
and implications for asthma treatment. Clin Psychol Rev (2009) 29(4):317-
27. doi: 10.1016/.cpr.2009.02.006

Horing B, Weimer K, Muth ER, Enck P. Prediction of symptom change
in placebo versus no-treatment group in experimentally induced motion
sickness. Appl Psychophysiol Biofeedback (2015) 40(3):163-72. doi: 10.1007/
$10484-015-9284-y

Darragh M, Booth RJ, Consedine NS. Trait predictors of placebo
responses in itch. Psychol, Health Med (2016) 21(6):769-75. doi:
10.1080/13548506.2015.1115106

Colagiuri B, Schenk LA, Kessler MD, Dorsey SG, Colloca L. The placebo
effect: from concepts to genes. Neuroscience (2015) 307:171-90. doi:
10.1016/j.neuroscience.2015.08.017

De Pascalis V, Scacchia P. The influence of reward sensitivity, heart rate
dynamics and EEG-delta activity on placebo analgesia. Behav Brain Res
(2019) 359:320-32. doi: 10.1016/j.bbr.2018.11.014

10.1038/

Frontiers in Psychiatry | www.frontiersin.org

12

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1371/journal.pone.0182959
https://doi.org/10.2340/00015555-2979
https://doi.org/10.1016/j.pain.2010.08.007
https://doi.org/10.1016/j.jpain.2015.06.012
https://doi.org/10.1016/j.jpain.2015.06.012
https://doi.org/10.1121/1.5063818
https://doi.org/10.1007/s00421-012-2333-9
https://doi.org/10.1097/01.PSY.0000079454.48714.1B
https://doi.org/10.1097/01.PSY.0000079454.48714.1B
https://doi.org/10.1016/j.jpsychores.2008.09.019
https://doi.org/10.1111/all.12727
https://doi.org/10.1002/ejp.751
https://doi.org/10.2340/00015555-2336
https://doi.org/10.3389/fnhum.2015.00057
https://doi.org/10.1097/01.psy.0000160470.43167.e2
https://doi.org/10.1016/j.biopsycho.2008.01.003
https://doi.org/10.1016/j.jpsychores.2009.03.009
https://doi.org/10.1016/j.jpsychores.2009.03.009
https://doi.org/10.1080/14768320601151702
https://doi.org/10.1097/00006842-200011000-00003
https://doi.org/10.1016/0005-7967(94)00080-4
https://doi.org/10.1136/oem.56.5.295
https://doi.org/10.1097/00006842-199701000-00003
https://doi.org/10.1037/0278-6133.17.3.241
https://doi.org/10.1097/00006842-200009000-00011
https://doi.org/10.1016/j.jpsychores.2014.12.011
https://doi.org/10.1016/j.neuroimage.2017.10.056
https://doi.org/10.1016/B978-0-12-800538-5.00006-6
https://doi.org/10.1037//0003-066X.40.11.1189
https://doi.org/10.3389/fpsyg.2016.01270
https://doi.org/10.1097/j.pain.0000000000000540
https://doi.org/10.1016/S0304-3959(01)00296-2
https://doi.org/10.1007/s00408-016-9971-3
https://doi.org/10.1016/j.clinthera.2017.02.004
https://doi.org/10.1098/rstb.2010.0407
https://doi.org/10.1016/0022-1031(79)90037-4
https://doi.org/10.1038/scientificamerican0855-68
https://doi.org/10.1038/scientificamerican0855-68
https://doi.org/10.1016/j.cct.2008.02.002
https://doi.org/10.1016/j.cpr.2009.02.006
https://doi.org/10.1007/s10484-015-9284-y
https://doi.org/10.1007/s10484-015-9284-y
https://doi.org/10.1080/13548506.2015.1115106
https://doi.org/10.1016/j.neuroscience.2015.08.017
https://doi.org/10.1016/j.bbr.2018.11.014

Wolters et al.

Placebo and Nocebo Across Symptoms

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Zhou L, Wei H, Zhang H, Li X, Bo C, Wan L, et al. The influence
of expectancy level and personal characteristics on placebo effects:
psychological underpinnings. Front Psychiatry (2019) 10:1-10. doi: 10.3389/
fpsyt.2019.00020

Rosenthal TC, Majeroni BA, Pretorius R, Malik K. Fatigue: an overview. Am
Fam Physician (2008) 78(10):1173-9.

Hoenemeyer TW, Kaptchuk TJ, Mehta TS, Fontaine KR. Open-label placebo
treatment for cancer-related fatigue: a randomized-controlled clinical trial.
Sci Rep (2018) 8(1):4-11. doi: 10.1038/s41598-018-20993-y

Zhou ES, Hall KT, Michaud AL, Blackmon JE, Partridge AH, RecKklitis CJ.
Open-label placebo reduces fatigue in cancer survivors: a randomized trial.
Support Care Cancer (2018) 27:(6):2179-87. doi: 10.1007/s00520-018-4477-6
Luparello T, Lyons HA, Bleecker ER, McFadden ER. Influences of suggestion
on airway reactivity in asthmatic subjects. Psychosom Med (1968) 30(6):819—
25. doi: 10.1097/00006842-196811000-00002

Fiorio M. Modulation of the Motor System by Placebo and Nocebo Effects.
In: International Review of Neurobiology., 1st ed., vol. 139. Amsterdam:
Elsevier (2018). doi: 10.1016/bs.irn.2018.07.012

Quinn VE Colagiuri B. Placebo interventions for nausea: a systematic review.
Ann Behav Med (2015) 49(3):449-62. doi: 10.1007/s12160-014-9670-3
Stockhorst U, Steingrueber H-J, Enck P, Klosterhalfen S. Pavlovian
conditioning of nausea and vomiting. Auton Neurosci (2006) 129(1-2):50-7.
doi: 10.1016/j.autneu.2006.07.012

Quinn VE Colagiuri B. Using learning strategies to inhibit the nocebo
effect. In: International Review of Neurobiology., 1st ed., vol. 138. Cambridge:
Academic Press (2018). doi: 10.1016/bs.irn.2018.01.011

Enck P, Klosterhalfen S. Does sex/gender play a role in placebo and nocebo
effects? conflicting evidence from clinical trials and experimental studies.
Front Neurosci (2019) 13:160. doi: 10.3389/fnins.2019.00160

Roscoe JA, Ph D, Neill MO, Jean-pierre P, Ph D, Heckler E, et al. An
exploratory study on the effects of an expectancy manipulation on
chemotherapy-related nausea. ] Pain Symptom Manage (2010) 40(3):379-90.
doi: 10.1016/j.jpainsymman.2009.12.024

Shelke AR, Roscoe JA, Morrow GR, Colman LK, Banerjee TK, Kirshner JJ.
Effect of a nausea expectancy manipulation on chemotherapy-induced
nausea: a university of rochester cancer center community clinical oncology
program study. NIH Public Access (2008) 35(4):381-7. doi: 10.1016/j.
jpainsymman.2007.05.008

Lovibond PE, Shanks DR. The role of awareness in pavlovian conditioning:
empirical evidence and theoretical implications. ] Exp Psychol: Anim Behav
Processes (2002) 28(1):3-26. doi: 10.1037/0097-7403.28.1.3

Brischer AK, Witthoft M. Nocebo hyperalgesia induced by implicit
conditioning. ] Behav Ther Exp Psychiatry (2019) 64:106-12. doi: 10.1016/j.
jbtep.2019.03.006

Fratello F, Curcio G, Ferrara M, Marzano C, Couyoumdjian A, Petrillo G,
et al. Can an inert sleeping pill affect sleep? effects on polysomnographic,

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

behavioral and subjective measures. Psychopharmacology (2005) 181(4):761-
70. doi: 10.1007/s00213-005-0035-2

Yu R, Gollub RL, Vangel M, Kaptchuk TJ, Smoller JW, Kong J. Placebo
analgesia and reward processing: integrating genetics, personality, and
intrinsic brain activity. Hum Brain Mapp (2014) 35(9):4583-93. doi: 10.1002/
hbm.22496

Espay AJ, Norris MM, Eliassen JC, Dwivedi A, Smith MS, Banks C, et al.
Placebo effect of medication cost in parkinson disease: a randomized
double-blind study. Neurology (2015) 85(8):742-3. doi: 10.1212/
'WNL.0000000000001879

Faasse K, Cundy T, Gamble G, Petrie KJ. The effect of an apparent change
to a branded or generic medication on drug effectiveness and side effects.
Psychosom Med (2013) 75(1):90-6. doi: 10.1097/PSY.0b013e3182738826
Rief W, Glombiewski JA. The hidden effects of blinded, placebo-controlled
randomized trials: an experimental investigation. Pain (2012) 153(12):2473-
7. doi: 10.1016/j.pain.2012.09.007

Fissler M, Meissner K, Kleijnen ], Hrébjartsson A, Linde K. A systematic
review found no consistent difference in effect between more and less
intensive placebo interventions. J Clin Epidemiol (2014) 68(4):442-51. doi:
10.1016/j.jclinepi.2014.11.018

Kaptchuk TJ, Goldman P, Stone DA, Stason WB. Do medical devices
have enhanced placebo effects? J Clin Epidemiol (2000) 53(8):786-92. doi:
10.1016/S0895-4356(00)00206-7

Elsenbruch S, Roderigo T, Enck P, Benson S. Can a brief relaxation exercise
modulate placebo or nocebo effects in a visceral pain model? Front Psychiatry
(2019) 10:1-14. doi: 10.3389/fpsyt.2019.00144

Wiercioch-Kuzianik K, Babel P. Color hurts. the effect of color on pain
perception. Pain Med (2019) 00(0):1-8. doi: 10.1093/pm/pny285

Lenaert B, Boddez Y, Vlaeyen JWS, van Heugten CM. Learning to feel tired:
a learning trajectory towards chronic fatigue. Behav Res Ther (2018) 100:54—
66. doi: 10.1016/j.brat.2017.11.004

Tanaka M, Watanabe Y. A new hypothesis of chronic fatigue syndrome:
co-conditioning theory. Med Hypotheses (2010) 75(2):244-9. doi: 10.1016/j.
mehy.2010.02.032

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Wolters, Peerdeman and Evers. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychiatry | www.frontiersin.org

13

July 2019 | Volume 10 | Article 470


https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.3389/fpsyt.2019.00020
https://doi.org/10.3389/fpsyt.2019.00020
https://doi.org/10.1038/s41598-018-20993-y
https://doi.org/10.1007/s00520-018-4477-6
https://doi.org/10.1097/00006842-196811000-00002
https://doi.org/10.1016/bs.irn.2018.07.012
https://doi.org/10.1007/s12160-014-9670-3
https://doi.org/10.1016/j.autneu.2006.07.012
https://doi.org/10.1016/bs.irn.2018.01.011
https://doi.org/10.3389/fnins.2019.00160
https://doi.org/10.1016/j.jpainsymman.2009.12.024
https://doi.org/10.1016/j.jpainsymman.2007.05.008
https://doi.org/10.1016/j.jpainsymman.2007.05.008
https://doi.org/10.1037/0097-7403.28.1.3
https://doi.org/10.1016/j.jbtep.2019.03.006
https://doi.org/10.1016/j.jbtep.2019.03.006
https://doi.org/10.1007/s00213-005-0035-2
https://doi.org/10.1002/hbm.22496
https://doi.org/10.1002/hbm.22496
https://doi.org/10.1212/WNL.0000000000001879
https://doi.org/10.1212/WNL.0000000000001879
https://doi.org/10.1097/PSY.0b013e3182738826
https://doi.org/10.1016/j.pain.2012.09.007
https://doi.org/10.1016/j.jclinepi.2014.11.018
https://doi.org/10.1016/S0895-4356(00)00206-7
https://doi.org/10.3389/fpsyt.2019.00144
https://doi.org/10.1093/pm/pny285
https://doi.org/10.1016/j.brat.2017.11.004
https://doi.org/10.1016/j.mehy.2010.02.032
https://doi.org/10.1016/j.mehy.2010.02.032
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Placebo and Nocebo Effects Across Symptoms: From Pain to Fatigue, Dyspnea, Nausea, and Itch

	Introduction

	Search Strategy and Selection Criteria

	Placebo Effects

	Placebo Effects Evoked Through Verbal Suggestions

	Placebo Effects Evoked Through Conditioning

	Nocebo Effects

	Nocebo Effects Evoked Through Verbal Suggestions

	Nocebo Effects Evoked Through Conditioning

	The Mediating Role of Expectancies

	Identifying the Placebo Responder

	Discussion

	Author Contributions

	Funding

	﻿Supplementary Material

	References



