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Editorial on the Research Topic

The nocebo e�ect and its consequences for clinical trials and

clinical practice

Recently, there has been an increase in interest in the nocebo effect, with a subsequent

rise in the number of publications on the subject (Sweeney et al., 2022). Our recent

Research Topic focuses on the nocebo effect in clinical trials and practice.

The concept of a nocebo effect is not new. It was first used in Kennedy (1961), who

wrote “(. . . ) it is somewhat surprising that little attention has been drawn to the existence

of the contrary effect [to the placebo]—which I may call the nocebo reaction.” Kennedy

recognized that the nocebo effect frequently contributes to the observed adverse effects

but emphasized that these effects are inherent to the patient rather than the properties of

the treatment and should not be confused with true pharmacological effects as this may

lead to discarding useful drugs.

The nocebo effect is often called a negative placebo effect, but it is much more than

just the flip side of the placebo effect. The nocebo effect causes negative or unfavorable

reactions. These effects are not caused by the pharmacological or physical properties

of a treatment, but they may resemble the effects of a treatment (Amanzio et al.,

2009). Therefore, they are referred to as “non-specific side effects,” “adverse reactions of

non-specific characters,” or “adverse non-drug reactions.” The nocebo effect sometimes

leads to reduced treatment efficacy. Moreover, the nocebo effect is underpinned by

different psycho-biological mechanisms than the placebo effect, further indicating that

it is a separate phenomenon (Colloca and Barsky, 2020).

This Research Topic focuses on the nocebo effects in clinical trials and practice.

In a perspective review, Amanzio et al. described psychological distress from negative

contextual factors during the pandemic COVID-19 as predisposing factors for the

occurrence of the nocebo phenomenon. The media provided dramatic and negative

descriptions that increased discomfort and anxiety and decreased response to treatment.
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Subsequently, data from randomized controlled trials of SARS-

CoV-2 vaccines and from surveys of healthy individuals, health

care workers, and patients with chronic pain disorders had

confirmed this hypothesis (Amanzio et al., 2022).

A survey of university students and staff showed that a

stronger belief of being infected with COVID-19, and potentially

over-reporting of symptoms was linked to conscientiousness

and health anxiety (Daniali and Flaten).

In their perspective article, Yetman et al. suggested that the

nocebo effects evoked by information given by a healthcare

professional may be affected by the perceived similarity or

dissimilarity between the patient and the treatment provider,

for example, different ethnicity. They called for more education

of healthcare providers on the subject of nocebo, its links with

clinical information about treatment and the potential strategies

for management/mitigation.

The need for more extensive education on the subject of

nocebo and its management was also emphasized in a survey of

physiotherapists (Rossettini, Geri, et al.). The responders were

aware of the existence of the nocebo effect, and only 18.6% said

that it was “rarely,” and 1.4% that it was “never” present in

their practice. They recognized the importance of the treatment

provider and reported that they actively try to minimize the

nocebo effect by managing patients’ negative expectations.

A series of experiments by Zech, Scharl, et al., Zech,

Schrödinger, Hansen, and Zech, Schrödinger, Seemann, et al.

demonstrated that negative information increase anxiety but

also have a detrimental effect on functional measures such as

muscle strength. People with higher health anxiety, tend to

report more negative symptoms and this effect persists even

after controlling for generalized anxiety and depression and

independently of the potential for a financial reward through

litigation (Lecci et al.). Anxiety and fear learning after verbal

suggestion are stronger in delusion-prone people (Louzolo

et al.).

The effect between the verbal suggestions and the reported

negative symptoms, e.g., itch, is mediated by expectations

(Meeuwis et al.). Once generated, treatment-related expectations

are difficult to modify and may persist—even when proven not

to be supported by evidence (Rossettini, Colombi, et al.).

A study in patients under general anesthesia undergoing a

surgical procedure has shown that verbal suggestions given to

sedated patients may reduce post-operative nausea and vomiting

(Nowak et al.).

There are two very positive aspects of this Research

Topic that are worth highlighting. Firstly, the included articles

demonstrated the ubiquitous and heterogeneous nature of

nocebo—not just as a negative response to a placebo but

also as adverse effects of treatment and common symptoms

misattributed to treatment or disease. For example, the

publications were concerned with the nocebo effects in various

contexts: from experimental studies with an inert placebo,

through side effects of treatment, to COVID-19 symptoms.

These studies investigated the associations between nocebo

effects and suggestions, expectations, health anxiety, personality

factors, and racial/ethnic differences. Secondly, unlike most

of the existing literature on the subject, which is dominated

by reviews and opinion papers, most of the included studies

were primary data-based articles. For example, two-thirds

of the articles reported the results of experimental studies,

including one, which used neuroimaging to explain further the

mechanisms linking fear learning with the nocebo effect. There

were also two surveys, one of the healthcare providers and one

of the public. There is an urgent need for more good quality

mechanistic research studies designed to investigate factors

responsible for nocebo effects.

However, this Research Topic also reflects some of the

problems with the existing research on the nocebo effects.

Firstly, many of the experimental studies reported post-

hoc and secondary analyses of studies rather than primary

analyses—emphasizing the lack of experimental studies in

clinical populations specifically designed to investigate the

nocebo effect as the primary outcome rather than as an

afterthought. Secondly, many purposefully designed studies

were often in healthy controls and attempted to generalize

findings from healthy controls to clinical populations. Finally,

there is a need for a standardized definition of the nocebo

effect. Defining the nocebo effect in the context of placebo

obscures the fact that it is a separate problem with far

more serious consequences for clinical practice and research.

Furthermore, referring to the same phenomenon by many

different names hinders the development of a standard

definition of nocebo and a consolidated analysis of the research

on the subject.

In summary, this Research Topic has demonstrated

an increasing recognition of the complex nature of

nocebo and the current gaps in both clinical practice

and research.
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Introduction: The medical environment is full of suggestions that affect patients and
their healing. Most of them inadvertently are negative, thus evoking nocebo effects.
Recently, we have reported on the effect of such verbal and non-verbal suggestions as
well as alternative formulations on maximal muscular arm strength in healthy volunteers.
In the present study, we tested the same suggestions in patients at two time points
to evaluate nocebo effects in a clinical situation and the impact of the approaching
surgery date.

Methods: In 45 patients, maximal muscular strength during arm abduction was
measured by dynamometry of the deltoid muscle group. One test was several days
before and the second on the evening before surgery. Baseline values were compared
to the performance after exposure to 18 verbal and non-verbal suggestions. The
sequence of presumably negative and positive suggestions was randomized for
each patient in order to avoid cumulation effects of immediate succession of two
negatives. State anxiety was evaluated at both time points, and suggestibility was
measured after surgery.

Results: Strong and statistically significant weakening effects were observed with
all presumed negative suggestions from daily clinical practice including words of
encouragement (91.4% of baseline), evaluation of symptoms (89.0%), announcement
of a medical intervention (82.8%), a negative memory (86.5%), expectation of an
uncertain future (82.8%), and non-verbal signals (87.7–92.2%). In contrast, alternative
formulations did not interfere with muscular performance in most cases. A more
pronounced effect was observed in the test repeated closer to the date of surgery,
accompanied by a 15% higher anxiety level. The increase in anxiety correlated slightly
with stronger weakening effects of suggestions, as did suggestibility.
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Zech et al. Negative Effects of Suggestions in Patients

Conclusions: Negative suggestions cause a decrease in arm muscle strength, i.e., a
“weakening” of the patient. This effect is enhanced by an increase in anxiety as the
time of treatment, like surgery, approaches. The reaction can be avoided by alternative
formulations. These nocebo effects that are objectively measured and quantified by a
decrease in arm muscle strength are more pronounced in patients, i.e., in a clinical
situation, than in healthy volunteers.

Keywords: nocebo effects, dynamometry, maximal muscle strength, therapeutic communication, suggestions,
State-Trait Anxiety Inventory (STAI)

INTRODUCTION

In daily clinical practice, many situations and communications
between doctor and patient are suspected to elicit nocebo effects.
However, concrete evidence often is limited. One of the reasons
for this discrepancy is specificity. For instance, pain is induced
or amplified by words about pain, nausea is increased by asking
a patient about nausea, and side effects increased, if they were
addressed (Lang et al., 2005; Varelmann et al., 2010; Häuser et al.,
2012). “Words hurt” describes the observation that pain-related
words affect pain (Lang et al., 2005; Corsi et al., 2019). Other
effects of the same words may be missed when only pain is
evaluated. The demonstration of a nocebo-induced symptom is
largely dependent on the symptoms and physiological parameters
in focus. These are limited and limiting. Many presumed effects
on patient’s health, such as on the immune system or on wound
healing, are difficult to define and to measure, and immediate
changes may not be observable in a timely manner (Wobst,
2007). The longer it takes to get the result of the intervention,
the higher the uncertainty in the assessment of its outcome.
Moreover, specificity of the nocebo effects hampers comparisons.
Is a nocebo effect on nausea stronger or weaker than on pain or
on sexual dysfunction?

We recently presented a different approach to studying
nocebo effects by measuring changes in maximal arm muscle
strength as a general parameter for a “weakening” and as an
immediate reaction to a nocebo induction by verbal and non-
verbal suggestions (Zech et al., 2019). In a study on healthy
volunteers, we demonstrated significant impairment in this one
uniform objective physiological parameter after exposure to
different suggestions, both verbal and non-verbal, common in
routine clinical practice. Each challenge was compared to an
alternative wording or visual presentation demonstrating that
the nocebo effects can be avoided. Therefore, this technique
allows for improvements in medical communication guided by
objective measures.

Here we present the results of a subsequent study testing the
same clinically relevant suggestions in patients at two time points
prior to surgery. We hypothesized that the effects would be more
pronounced in the clinical situation, i.e., in patients as compared

Abbreviations: ASA score, physical status classification system of the American
Society of Anesthesiologists; HGSHS, Harvard Group Scale of Hypnotic
Susceptibility; NRS, Numeric Rating Scale (of pain); OR, operating room; STAI-S,
State-Trait Anxiety Inventory.

to healthy volunteers, and that the effects increase as the time of
surgery is coming closer.

MATERIALS AND METHODS

Design and Participants
This experimental, randomized study was conducted at the
University Hospital Regensburg, Germany, after approval by the
local ethics committee (EC University of Regensburg, Nr. 13-
101-0030). Patients were considered eligible for enrollment if
they were between 18 and 70 years of age and were to undergo
elective surgery under general anesthesia at the Departments of
General Surgery, Neurosurgery, Otorhinolaryngology, or Cranio-
Maxillofacial Surgery. Participants had to be native German
speakers and with their surgery scheduled no closer than 3 days.
Patients with pain [Numeric Rating Scale (NRS) > 5] and
patients with pain or impairment at the dominant shoulder,
arm, or hand were excluded. Another exclusion criterion was
a preexisting severe systemic disease, as classified according to
the ASA physical status classification system of the American
Society of Anesthesiologists by a score of 3 or more. Fifty
patients fulfilling the inclusion criteria were enrolled after written
informed consent and without financial compensation. The
patient information for the study included the request to abstain
from coffee, Coke, or medication for the last 4 h before the test to
avoid interference with motor performance.

Measurement of Maximal Muscle
Strength Under Suggestion
Maximal muscle strength under suggestions was measured at
two time points: days before surgery (T1, minimum 3 days,
median at day 3, 53% at day 3, the rest distributed around
day 6 before surgery) and in the evening before surgery (T2).
Maximal isometric contraction of the deltoid muscle group was
tested by dynamometry in a defined upright position with the
dominant arm stretched out laterally, as described previously
(Zech et al., 2019). A dynamometer (FORCE GAUGE FM200,
PCE Deutschland GmbH, Meschede, Germany) with a capacity
of 196.0 N and a resolution of 0.05 N was used in the peak hold
mode. Results were expressed as a percentage of the baseline value
that was determined in 9–11 measurements for each subject.
These relative values were used to respect the high variance of
muscle strength between individuals. Maximal muscle strength
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measured under these conditions is a rather robust physiological
parameter with an expected variation of ±6.3% from baseline
(Zech et al., 2019). All patients were tested by the same examiner
(M.Sch.). Each test session lasted about 40–60 min, which was
found feasible even for patients and limited the number of tested
suggestions to 18.

Tested Suggestions and Application
The same suggestions out of clinical context were tested
as in a previous study on healthy volunteers (Zech et al.,
2019). Patients listened to recorded instructions explaining
the placement and functionality of the muscle test, whereas
suggestions were given verbally, face to face. Visual suggestions,
including pictures or video clips, were projected on a notebook.
Baseline was established by means of six initial measurements
without suggestion followed by 3–5 such baseline measurements
interspersed between tests of suggestions, adding up to a total of
9–11. The wording of the instructions prior to suggestions, as well
as the type of suggestion itself, can be seen in Tables 1, 2. Nine
clinical situations were evaluated. Version A of each suggestion
was taken from everyday clinical practice and presumed to
be negative and causing a nocebo effect. For each situation,
an alternative version B was formulated, considered to be
positive and to elicit a neutral or placebo effect. After six
baseline measurements, suggestions were tested in a randomized
order using the software Randlist (Datinf GmbH, Tübingen).
In every patient, any presumed negative version was followed
by a presumed neutral or positive version to avoid cumulation
effects. Tests were separated by breaks, arithmetical tasks, and
repeated determinations of blank values. To prevent incorrect
measurements because of exhaustion, an additional break was
inserted, whenever a baseline value fell below 90% of the previous,
and the test was repeated subsequently.

Possibly accepting a lower clarity, we deliberately refrain from
designating the tested suggestions as “placebo” or “nocebo” in
order to recognize the fact that we tested actual clinical situations,
with “nocebo effect” as possible result, not as the test object.

Measurement of Suggestibility
To explore the patients’ suggestibility, a five-item short version
of the HGSHS (Riegel et al., 2020) was used. The HGSHS is an
objective test method by Shor and Orne from 1962 to determine
the suggestibility of a person or groups (Shor, 1962; Bongartz,
1985; Peter et al., 2015). The short version lasts about 25 min.
Patients conducted it with an audio file a few days after their
operation. Self-evaluation results in a maximum score of 5. Based
on the HGSHS-5 score, patients were rated “low suggestible” (LS)
with a score of 0 or 1, “medium suggestible” with a score of 2 or
3, and “high suggestible” (HS) with a score of 4 or 5.

Measurement of Anxiety
Anxiety was measured with the state scale of the STAI-S with 20
test items in a German version (Laux et al., 1981). Evaluation took
place at the two mentioned time points to draw conclusions about
variations of anxiety over time with the approaching operation
date. With a range of 20 (“no fear”) to 80 (“worst fear”) points, the
test evaluates the current situational anxiety. Anxiety is usually

considered clinically relevant at a score >40, and at >55 rated
relevant for psychiatric disorders (Knight et al., 1983; Addolorato
et al., 1999). The difference between the scores at T2 and T1
is referred to as 1STAI-S and describes the change of anxiety
between the two different points in time.

Statistical Analysis
Normal distribution of results was tested with the Kolmogorov–
Smirnov test. With non-normal distribution, equality of force
regarding baseline, version A and version B, was examined by
Friedman two-way analyses of variance by ranks. For significantly
different results, the Wilcoxon rank-sum test was used post hoc
for pairwise testing. An α-error correction has been omitted
to avoid the loss of possible correlations (Bender and Lange,
2001). Time-dependent (T1 vs. T2) differences of muscle strength
were calculated using the Wilcoxon test, or rather Student’s
t-test for anxiety level. Univariate linear regression analysis was
performed for each suggestion. Multivariate linear regression
analysis was performed for significant results to investigate
influences of various parameters on muscle strength, i.e., gender,
age, suggestibility, anxiety, and change in anxiety (1STAI-S). For
testing unconnected samples, e.g., the differences in gender or age
groups, the Mann–Whitney U test was used. Significance level
was assumed as p< 0.05. Statistical analyses were performed with
IBM SPSS Statistics, version 23.

RESULTS

Baseline Characteristics
Out of 50 recruited patients, five were excluded because of
missing data (only tested at T1, because patient declined, surgery
rescheduled or canceled). Characteristics and baseline scores
of the remaining 45 are presented in Table 3. Due to the
individual physical condition of the patients, baseline muscle
strength ranged from 18.8 to 143.7 N. The reproducibility of
the neutral values of each individual patient was high (variance
4.80% at T1 and 4.67% at T2). Baseline values did not differ
significantly at T1 and T2 (n = 0.871). For further analysis,
patients were stratified in “younger” (<45 years, N = 19)
and “older” (≥45 years, N = 26) according to the median.
Suggestibility was not normally distributed, with 12 patients
(27%) scoring LS and 10 patients (22%) HS.

Time Course of Anxiety
Anxiety (STAI-S) raised significantly from a mean of 41.7 ± 10.3
to 47.9 ± 12.7 the night before the operation, with mean
1STAI-S of 6.2 ± 8.9 (p < 0.001). Neither age nor gender
affected the level of state anxiety at T1 and T2; however, both
had an impact on the increase in anxiety. In linear regression
analyses, age had a significant effect on 1STAI-S, with younger
patients showing a higher increase in anxiety (R = −0.385;
p = 0.012). 1STAI-S was significantly higher in women (9.4± 9.2;
p = 0.009). In multivariate regression analyses, age and sex
were responsible for 31.3% of variance of 1STAI-S (R = 0.560;
p = 0.001). Suggestibility had no significant influence on anxiety
or anxiety increase. With a 1STAI-S of 24–27 points, three
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TABLE 1 | Wording of the standardized instructions and verbal suggestions.

Category Scenario Instructions Version A Version B

Baseline “Now pull upward with maximal
power. Now, one–two–three.”

Sentences Encouragement You don’t need to be afraid.
Don’t worry.

We are right by your side until
you have successfully finished
your procedure.

Checking symptoms “Again, stand upright, lift your
arm. Close your eyes. You are a
patient in a hospital. You are
faced with the following
sentences. Take your time and
let it affect you, and then pull
upward as hard as you can.”

Let us know when you feel
pain. Do you feel nauseous?

Let us know if there is anything
to make you feel better. We
always can do something good
for you. Do you feel OK?

Doctor’s introduction and
induction of anesthesia

Hallo, I’m Dr. Smith. I’ll put you
to sleep now. We’ll start with
the first drug, which will make
you feel drowsy or drunk. Now
we’ll start the second drug,
which will burn a little bit. It will
be all over soon.

Hallo, I’m Dr. Smith, your
anesthetist. I’m here for your
comfort and your safety. We are
starting with a strong analgesic
now that will make everything
easier. Now I am giving you the
second medication that will
induce a restful sleep. I will be
right by your side until you have
finished your procedure
successfully.

Risk information for informed
consent

If you wish, we can place a pain
catheter, with the risk of
infection, allergic reaction, and
damage to blood vessels or
nerves.

We have the option of a
catheter to prevent discomfort.
Even though there is a risk of
infection, allergic reaction, or
damage to blood vessels or
nerves, you will have to take
fewer pills, are more mobile,
feel and recover better, and
perhaps can go home sooner.

Situations Conditioning “Again, stand upright, lift your
arm. Close your eyes and
imagine the situation I suggest
to you. When you are there,
please nod and then pull
upward as hard as you can.”

Negative memory: remember a
situation, where something
went really wrong. Everybody
was disappointed in you,
including yourself. It was
terrible. You were really
ashamed.

Positive memory: remember a
situation when you were really
successful and entirely satisfied
with yourself. Everything went
so well—totally perfect.

Condition Uncertain future: imagine an
uncomfortable situation is
about to take place: an
impending operation, a
performance review with your
boss, an exam, or a
confrontation with your partner.
The result is uncertain.

Presence: you are fully in the
here and now. You can feel the
solid ground under your feet,
notice your breath and your
upright position while your mind
is clear and open.

For dynamometry of maximal arm muscle strength (arm abduction), the patient is standing upright facing the tester, with the right arm stretched to the side and the wrist
connected to the dynamometer by a band.

patients experienced a particularly strong reaction. Number of
patients having a score >55 increased from five at T1 to 13 at T2.
Out of these eight patients, seven were women, and seven were
younger than 45 years.

Effects of Sentences
Every version A of a sentence within the clinical context
presented to the patients resulted in a highly significant reduction
in maximal arm muscle strength at both time points, by 8.6–
17.2% at T2 (Figure 1 and Table 4). The presumably negative

words of a doctor to introduce himself or herself before narcotic
induction showed the greatest effects. Here, 10 patients showed
a weakening to below 70% of baseline, with a lowest value of
36%. In contrast, every alternative version B was neutral in effect
and did not weaken the patients and did not cause a significant
attenuation compared to baseline. For both time points T1
and T2, the difference between versions A and B was highly
significant for all tested suggestions. The greatest differences
between versions A and B were for checking symptoms (40%)
and narcotic induction (60%). For every phrase, neither version
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TABLE 2 | Wording of the standardized instructions and pictures of the non-verbal suggestions.

Category Scenario Instructions Version A Version B

Non-verbal suggestions “Again, stand upright, lift
your arm. You are a patient
in a hospital,

Induction of anesthesia – you are in the OR and
waiting to get your
anesthesia,

Transportation to the OR
(video)

– you are taken from the
ward to the OR in your bed,

View out of a patient’s
window

– you are looking out the
window from your room.
Let the impression affect
you, and then pull upward
as hard as you can.”

For dynamometry of maximal arm muscle strength (arm abduction), the patient is standing upright with the right arm stretched to the side and the wrist connected to the
dynamometer by a band, with pictures and video clips projected in front. (All six pictures were taken by one of the authors, EH; the upper two pictures show one of the
authors, EH; the persons visible in picture “transportation, version B” gave permission).

TABLE 3 | Baseline characteristics of study population (N = 45).

Age (years) Mean ± SD 43.8 ± 15.0

Female sex N (%) 25 (56%)

Suggestibility (HGSHS-5) Median (IQR) 3 (1–3)

Anxiety (STAI-S) Mean ± SD 41.7 ± 10.3

Days from first test to surgery Mean ± SD (range) 5.7 ± 4.8 (3–25)

Baseline muscle strength (Newton) Mean ± SD

Days before surgery (T1) 65.0 ± 23.4

Evening before surgery (T2) 64.8 ± 23.5

HGSHS, Harvard Group Scale of Hypnotic Susceptibility; STAI-S, State-Trait
Anxiety Inventory; IQR, interquartile range. Baseline muscle strength did not differ
significantly at T1 and at T2 (p = 0.871).

A nor version B resulted in a significant difference in muscle
strength between T1 and T2. Similar effects were observed after
risk information for informed consent in two versions. These data
will be given in detail elsewhere.

Effects of Situations
Both the recall of a negative memory (Conditioning version
A) and the idea of an uncertain, negative future (Condition
version A) resulted in highly significant weakening at both time
points (Figure 2 and Table 5). Ten and 12 patients, respectively,
showed values under 70% of baseline, with minimum values
of 49 and 58%. Suggestion of a positive, encouraging memory
(Conditioning version B) was the only one resulting in a
strengthening of the patients (T1 p = 0.008, T2 p < 0.001)
compared to baseline. In 10 patients, version B of Conditioning
raised muscle strength above 115% of baseline, with maximum
values of 125%. The orientation to the presence (Condition
version B) did not result in significant differences from baseline
at any time point. For both situations, the difference between
the two versions was highly significant for both times of
measurement. Maximum difference was 55% for Conditioning
and 45% for Condition. There was no significant difference
between T1 and T2 for both versions of the two situations.

FIGURE 1 | Effects of sentences with clinical context in two versions on
maximal arm muscle strength. After baseline dynamometry of arm abduction,
verbal suggestions were presented and measurement was repeated. T1, days
before surgery; T2, evening before surgery. Mean of maximal arm muscle
strength compared to baseline is given. *p < 0.01 (Wilcoxon rank sum test) at
T1 and at T2.

Effects of Non-verbal Suggestions
Every version A of a non-verbal suggestion presumed negative
resulted in a reduced maximal arm muscle strength (88–92%),
with a highly significant difference compared to baseline at both
time points. Lowest values were 54, 67, and 54%, respectively
(Figure 3 and Table 6). The alternative version B of the
non-verbal suggestions was found to be neutral and did not
result in a significant attenuation. The suggestion of a patient
being transported to the OR in an upright position in his
bed even strengthened the patients at T2 (p = 0.019), with a
maximum score of 128%. The difference between versions A
and B was highly significant for all non-verbal suggestions at
both time points, with a maximum of 45% for Induction of
anesthesia and View out of a patient’s window. There was no
significant difference between T1 and T2 for any version of the
three suggestions.
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TABLE 4 | Effects of sentences within the clinical context on maximal arm muscle strength.

Suggestion Version A, median (IQR) Version B, median (IQR)

p p

T1 T2 T1 T2

Encouragement 92.3 (84.8–97.7) p < 0.001 91.4 (84.9–95.0) p < 0.001 101.5 (95.0–106.3) p = 0.604 100.0 (96.9–103.4) p = 0.771

Checking symptoms 91.7 (79.7–96.4) p < 0.001 89.0 (82.9–94.4) p < 0.001 97.6 (94.1–103.7) p = 0.099 100.2 (96.4–104.6) p = 0.809

Doctor’s introduction and
narcotic induction

83.7 (72.4–89.3) p < 0.001 82.8 (75.3–90.8) p < 0.001 97.8 (96.6–103.9) p = 0.264 99.2 (95.8–103.7) p = 0.578

After baseline dynamometry of arm abduction, verbal suggestions were presented and measurement was repeated. Median and interquartile range (IQR) of relative values
compared to baseline (in %) after suggestion. T1, days before surgery; T2, evening before surgery. p according to Wilcoxon rank sum test relates to the difference to
baseline after significance in Friedman test.

FIGURE 2 | Effects of situations with clinical context in two versions on
maximal arm muscle strength. After baseline dynamometry of arm abduction,
verbal suggestions were presented and measurement was repeated. T1, days
before surgery; T2, evening before surgery. Mean of maximal arm muscle
strength compared to baseline is given. *p < 0.01 (Wilcoxon rank sum test) at
T1 and T2.

Contributing Factors
Anxiety was found to have a marked influence on the
effect of suggestions on maximal arm muscle strength. In
linear regression analysis of all suggestions with significant
weakening effects (respectively, versions A), STAI-S had
no influence on the results at T1, whereas at T2, high
anxiety scores led to enhanced weakening (R = −0.126;

p = 0.012). Even more significant than anxiety itself was
the effect of the increase in anxiety with the surgical
date coming closer (1STAI-S). In linear regression
analysis, the reduction of muscle strength induced by
suggestions both at T1 and T2 increased with higher
1STAI-S (T1: R = −0.212; p < 0.001; T2: R = 0.243;
p < 0.001) (Figure 4).

Possible contribution of further factors was analyzed, namely,
gender, age, and suggestibility. Linear regression analysis of all
suggestions with significant effects showed impact of gender
(R = 0.175, p < 0.001) and suggestibility (R = −0.172,
p < 0.001) for T1. At T2, gender (R = 0.159, p = 0.002),
age (R = 0.135, p = 0.008), and suggestibility (R = −0.287,
p < 0.001) (Figure 5) had slight but significant effects.
Especially in younger patients, women and patients with
high HGSHS-5 score in negative suggestions resulted in
pronounced weakening. In multivariate regression analysis,
1STAI-S and HGSHS-5 score were responsible for 12%
of arm muscle strength’s variance at T2 (R = −0.345,
p < 0.001).

DISCUSSION

Suggestions of clinical everyday routine turned out
to elicit nocebo effects in patients by reducing
maximal arm muscle strength in a time-dependent
manner. Alternative formulations were able to
avoid this weakening.

TABLE 5 | Effects of situations on maximal arm muscle strength.

Suggestion Version A, median (IQR) Version B, median (IQR)

p p

T1 T2 T1 T2

Conditioning 87.1 (80.1–93.7) p < 0.001 86.5 (75.6–90.8) p < 0.001 103.3 (97.4–113.8) p = 0.008 106.5 (100.9–114.8) p < 0.001

Condition 86.6 (75.7–92.4) p < 0.001 82.8 (74.0–88.9) p < 0.001 97.6 (92.7–107.0) p = 0.676 94.2 (90.8–104.1) p = 0.052

After baseline dynamometry of arm abduction, verbal suggestions were presented and measurement as repeated. Median and interquartile range (IQR) of relative values
compared to baseline (in %) after suggestion. T1, days before surgery; T2, evening before surgery. p according to Wilcoxon rank sum test relates to the difference to
baseline after significance in Friedman test.
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FIGURE 3 | Effects of non-verbal suggestions with clinical context on maximal
arm muscle strength. After baseline dynamometry of arm abduction,
non-verbal suggestions were presented by projection and measurement was
repeated. T1, days before surgery; T2, evening before surgery. Mean of
maximal arm muscle strength compared to baseline is given. *p < 0.01
(Wilcoxon rank sum test) at T1 and at T2.

Weakening Effect of Clinically Relevant
Suggestions
Knowledge and awareness are increasing that the medical
setting and the medical communication can exert negative
effects on patients, their symptoms, and effectiveness of therapy
(Häuser et al., 2012; Benedetti, 2013; Amanzio et al., 2020;
Colloca and Barsky, 2020). Improved awareness, knowledge, and
understanding of these nocebo effects can help to recognize
triggers in the particular clinical field and work situation and
thereby aim to avoid them (Hansen and Zech, 2019). For this
purpose, it appears especially promising and appropriate to test
relevant suggestions from daily clinical routine because they
affect a high number of patients every day. In addition, what the
patient usually experiences is not a single negative suggestion like
in experimental settings, but a plurality of different inputs with
complex interactions. Verbal and non-verbal signals interplay
and are communicated all along during a hospital stay from
admission to examination, from interview to risk assessment
and information, from treatment to recovery. Moreover, in the
clinical environment, the effects may add up to reach a complex

aggregation of symptoms and impairments. While it is easy to
demonstrate the effect of the words “pain,” “sting,” or “burn” on
pain and the effect of the question “Do you feel sick?” or the
sight of a bloody swab on nausea and vomiting, the combination
may exert impairment of more general functions like comfort,
anxiety, healing, or immune response (Lang et al., 2005; Wobst,
2007; Varelmann et al., 2010; Häuser et al., 2012). Most of such
functions are complex and not easy or fast to measure, such
as wound healing or immune surveillance. Moreover, they may
be obscured in time by additional factors such as medication,
hemodynamic instability, or complications. We therefore aimed
to identify a common, albeit direct parameter to measure the
immediate effects of different suggestions instead of direct
connection between signal and symptom. With maximal arm
muscle strength, we found a measurement fulfilling this criterion.
In a study on healthy volunteers, we tested nine verbal or visual
suggestions from everyday clinical practice in two versions and
found a significant reduction in a performance that may be
interpreted as marker for a “weakening” of the patient (Zech et al.,
2019). Alternative formulations of these suggestions were able to
neutralize the observed nocebo effect.

In the present study, testing the same paradigm and the
same suggestions in the clinical situation on patients, again
significant reductions in muscular function were observed at two
different time points. Addressing a bad experience in the past
tested a nocebo effect induced by conditioning, i.e., the patient’s
own experience, and resulted in a significant weakening of arm
muscle strength by 13.5% at T2 (Figure 2 and Table 5). This
reflects the classical everyday situation of anamnesis that elicits
a patient’s recall of prior disease and symptoms. Similarly, a
condition projecting an uncertain and possibly negative future
gives rise to a classical nocebo situation based on expectation.
This resulted in the strongest weakening effect observed in
this study (−17.2%). Encouraging words like “Don’t worry!”
did not have the expected effect of a positive expectation and
corresponding placebo effect, but instead resulted in significant
weakening by 8.6% (Figure 1 and Table 4). An explanation
may be the strong negative connotation of the word “worry” or
“afraid” that cannot be neutralized by negation (Armstrong and
Dienes, 2013; Hansen and Zech, 2019). Like in the proceeding
study on volunteers, we also tested the effect of risk information
for informed consent in this study and observed a reduction

TABLE 6 | Effects of pictures and video clips within the clinical context on maximal arm muscle strength.

Suggestion Version A, median (IQR) Version B, median (IQR)

p p

T1 T2 T1 T2

Induction of anesthesia 89.9 (84.3–97.2) p < 0.001 87.7 (79.7–94.6) p < 0.001 101.8 (97.4–106.8) p = 0.194 99.8 (94.0–104.2) p = 0.984

Transportation to the OR 91.8 (84.1–97.2) p < 0.001 92.2 (80.7–96.2) p < 0.001 98.7 (93.8–106.2) p = 0.731 103.2 (97.6–109.7) p = 0.019

View out of a patient’s window 88.8 (82.5–93.9) p < 0.001 89.2 (82.0–95.3) p < 0.001 99.1 (95.3–105.4) p = 0.842 100.1 (97.6–105.9) p = 0.268

After baseline dynamometry of arm abduction, non-verbal suggestions were presented by projection and measurement was repeated. Median and interquartile range
(IQR) of relative values compared to baseline (in %) after suggestion. T1, days before surgery; T2, evening before surgery. p according to Wilcoxon rank sum test relates
to the difference to baseline after significance in Friedman test.
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FIGURE 4 | Linear regression analysis of the relation between preoperative
anxiety increase and weakening effect of suggestions. Relative values of
maximal arm muscle strength after version A of nine suggestions of clinical
context tested on the evening before surgery (T2) plotted against the increase
in state anxiety score (STAI-S) between several days before and at the evening
of the surgery. STAI-S, State-Trait Anxiety Inventory.

FIGURE 5 | Linear regression analysis of the relation between suggestibility
and weakening effect of suggestions. Relative values of maximal arm muscle
strength after version A of nine suggestions of clinical context plotted against
suggestibility score (HGSHS-5). HGSHS, Harvard Group Scale of Hypnotic
Susceptibility.

in muscle strength by 13.6% at T2 (detailed results will be
published elsewhere to take into account the wide and special
significance of this issue).

During the course of a hospital stay, the patient eventually
undergoes a transport for medical treatment. In a strict
supine position in his bed, he commonly experiences the view

tested by a video clip (Table 2) with lamps and ventilation
slots at the otherwise sobering blank ceiling. The observed
reduction in muscle strength by about 8% by this non-verbal
suggestion may appear small but adds to the many other
negative influences (Figure 3 and Table 6). After arrival at
the OR, the introduction of the doctor and the preparation of
anesthetic induction are typical situations. Both the words and
the overhead view of the anesthetist’s masked face (Table 2)
induced significant impairment of strength, by 17.2 and 12.3%,
respectively (Figure 1 and Table 2 or Figure 3 and Table 6).
The image of the doctor’s face upside down, hidden behind
a mask, interferes with biological face recognition (McKone
et al., 2012). While tested separately, these verbal and non-verbal
suggestions are experienced by the patient simultaneously in
the clinical setting. After treatment, the patient is usually asked
repeatedly about symptoms. The question about pain and nausea
led to a weakening by 11% (Figure 1 and Table 4). Finally,
the patient ends up at the ward where he might be confronted
with a view on a parking lot or other dreary surrounding
(Table 2). This visual perception induced a reduction in
muscle strength by about 11% (Figure 3 and Table 6). Others
have reported delayed recovery from surgery and increased
consumption of analgesics (Ulrich, 1984). Our findings are
in accordance with observation of non-verbal induction of
placebo and nocebo effects (Daniali and Flaten, 2019). This
course of a patient subsequently meeting different suggestions
is a typical clinical situation in a hospital. In contrast to
experimental studies in nocebo research, a patient is not exposed
to a single challenge, but to multiple suggestions, possibly
leading to summation effects. Therefore, we tested alternative
formulations for suggestions all along this pathway of a patient
through hospital stay.

The use of one common parameter to test the effects of
different negative suggestions allows their direct comparison. The
mean reduction in arm muscle strength by all nine negative
suggestions tested was 14.4% compared to baseline (at T2). The
uniform test parameter could also facilitate an evaluation of
cumulative effects of different triggers that are simultaneously
applied. Using this approach, further research may clarify
whether concurrent nocebo effects are additive, attenuating,
or potentiating.

Alternative Formulations Avoid Nocebo
Effects
The formulation of alternatives to the tested negative suggestions
was successful in avoiding the nocebo effect. Weakening after
exposure to version B was in a range of only 0 to−5.8%.

In some cases, even an increase in muscle strength
was observed. This strengthening compared to baseline was
significant, with a 6.5% increase after recall of a positive
past, presumably by a classical conditioning reaction. Overall,
for all nine suggestions, significance was not limited to the
difference between baseline and version A, but also to the
difference between the negative version (A) and the alternative
(B). Therefore, version B evidently represents a better alternative
for clinical practice. For instance, doctors should be aware of
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TABLE 7 | Weakening effect of clinically relevant suggestions in healthy
volunteers and patients.

Suggestions Volunteers Patients T1 Patients T2

Encouragement

A −1.8 −7.7 −8.6

B −1.5 +1.5 0

Checking symptoms

A −8.6 −8.3 −11.0

B −2.4 −2.4 +0.2

Doctor’s introduction and narcotic induction

A −6.5 −16.3 −17.2

B −0.6 −2.2 −0.8

Risk information

A −8.2 −12.6 −13.6

B −3.6 −4.0 −1.2

Conditioning

A −10.6 −12.9 −13.5

B +0.7 +3.3 +6.5

Condition

A −6.7 −13.4 −17.2

B −4.6 −2.4 −5.8

Induction of anesthesia

A −9.0 −10.1 −12.3

B −3.2 +1.8 −0.2

Transportation to the OR

A −10.7 −8.2 −7.8

B −2.2 −1.3 +3.2

View out of a patient’s window

A −5.9 −11.2 −10.8

B −3.4 −0.9 +0.1

Relative difference to baseline of maximal arm muscle strength (in %) after verbal
and non-verbal suggestions are given. Results of this study on patients at two
different time points (T1, days before surgery; T2, evening before surgery) are
compared to results of a preceding study on healthy volunteers (Zech et al., 2019).

the weakening effect of asking about the medical history, which
is inevitable, but could be neutralized by adding a question
like “What was your preferred sport before your illness?”
This utilizes the positive conditioned reaction to a positive
recall tested with version B and should bring the patient out
of the induced weakness. Similar effects are to be expected
from shifting the focus to a positive future, “What are your
plans after recovery from your surgery?” The effectively better
alternative to the question “Do you feel nauseous?” is “Do
you feel ok?” The non-verbal suggestions of the anesthetist
face-to-face and a poster at the ceiling, the upright position
during transportation in bed, and a view in the nature from
the window actually are able to avoid the weakening effect
of the original clinical situation. By the use of the uniform
measurement parameter “maximal arm muscle strength,” not
only can the alternative formulation be identified as qualitatively
“neutral” or “not weakening” but also the effect can be quantified.
Thereby, various alternatives could be tested and an optimal
one found. Based on this method and principle, communication
can be improved.

Comparison to Results of Healthy
Volunteers
Compared to the results of the preceding study on healthy
volunteers, the effects of negative suggestions were more
pronounced in patients (Table 7). The only exception was
the transport in supine position that affected volunteers more
than patients. A possible explanation for this difference is
that counteractively to the terrifying view of the ceiling, the
eagerly awaited treatment, namely, surgery, finally gets closer.
The stronger reaction of the patients may be caused by the
closer reality of the situation, especially on the evening before
surgery. The reduction in muscle strength after the encouraging
words “You don’t need to be afraid. Don’t worry.” was not
only stronger, but reached significance. This draws attention
to the possibility that many effects observed in experimental
placebo/nocebo research might be much more pronounced in
clinical situations.

Factors Contributing to Weakening
Nocebo Effects
Although not reaching statistical significance, there was a trend
to a more extended negative reaction the evening before surgery
(T2) compared to that several days before surgery (T1). In all six
verbal suggestions and in one of the three non-verbal suggestions,
i.e., in seven out of nine tests, muscular performance was lower
at T2 (Table 7). A possible explanation for the deviant conduct
of the two visual triggers is given above. To our knowledge, this
is the first time that a time dependency of nocebo effects has
been demonstrated, namely, an impact of the time to a medical
intervention. In contrast to healthy volunteers in experimental
placebo research, in the clinical situation, patients experience a
change of the situation with time. Furthermore, the observed
increase in the nocebo effect with the date of surgery approaching
is connected to the increase in state anxiety level. Thus, distance
to treatment and anxiety are to be considered part of the context
sensitivity of nocebo effects. At both preoperative time points,
patients showed state anxiety scores exceeding 40, which are
considered clinically relevant (Knight et al., 1983; Addolorato
et al., 1999). Between days before surgery and the last evening,
state anxiety levels increased significantly by 15%, i.e., STAI-S
at T2 was 114.8% of the T1 value. Moreover, this increase in
anxiety correlated with an increased extent of the induced nocebo
effect (Figure 4). Preoperative anxiety is well known (Millar
et al., 1995), and an increase during the hospital stay may be
expected. Furthermore, a negative correlation of placebo effects
and positive correlation of nocebo effects with anxiety level have
been described (Corsi and Colloca, 2017). Surprisingly, this study
produced evidence that nocebo effects in the clinical context are
time sensitive and increase with the extent of an increase in
anxiety. While age and gender had no significant effect on the
preoperative level of anxiety, both factors proved to be significant
independent predictors of the increase in anxiety with the surgical
appointment coming closer. While statistically significant but
low in extent, the correlation between anxiety level or increase
in anxiety, respectively, and reduction in muscle strength by
negative suggestions is of clinical relevance. It highlights the time
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close to a medical intervention as critical with regard to nocebo
effects. The results identify young women especially prone to
the negative influences of the clinical environment. Fortunately,
they respond to alternative formulations to the same extent
and thus also can be protected from negative suggestions and
nocebo effects. Since pain is a confounder of motor performance
(Tucker and Hodges, 2009), we had excluded patients with
pain from the study.

Finally, in this study, suggestibility as tested with the HGSHS
had an impact on the extent of the nocebo effect (Figure 5).
While this correlation is not always observed in placebo research,
it may reflect the inclusion of a number of suggestions tested
where factors other than conditioning and expectation play a role
(Corsi and Colloca, 2017; Hansen and Zech, 2019). The very low
regression coefficient confirms the observation that suggestibility
is not a major determinant in clinical situations (Montgomery
et al., 2011), and that suggestions have impact on all patients, not
merely on highly suggestible subjects. A smaller but significant
effect of sex and age was observed in this study. While the role
of sex on placebo and nocebo effects is being debated (Enck and
Klosterhalfen, 2019), we found females more prone to react to
negative suggestions both directly and indirectly by increasing
in anxiety with the surgery date coming closer. Placebo effects
seem to be stronger in children but seem not to differ with age in
adults (Wrobel et al., 2016). We found more pronounced nocebo
effects in younger patients again both directly and indirectly via a
higher rate of preoperative increase in anxiety. In conclusion, our
results confirm the influence of psychological factors on nocebo
responses apart from conditioning and expectation (Corsi and
Colloca, 2017). The observed small correlations are a strong
argument for a high number of contributing factors.

Limitations of the Study
A limitation of the study is the incomplete randomization, i.e.,
the sequence of suggestions was randomized for each patient but
adhered to an alternation of negative and positive suggestions.
This was because known cumulation effects were to be avoided.

The wide range for T1 (3–10 days before surgery, with two
outliers at day 25) could have influenced the test results. Anxiety
is a possible factor affecting nocebo effects and is expected to
increase with the date of surgery approaching, where the exact
course of preoperative anxiety increase remains to be evaluated.
However, the strongest increase can be assumed close to the
date of surgery, i.e., between day 3 and the evening before
surgery, while the difference in anxiety level between days 3 and
9 should be rather low.

The mechanism of the observed effects after negative
suggestions remains unclear at both the physiological and
psychological level. From a psychological point of view,
language-induced motor activity, arousal and affirmation effects,
modulation of motor cortex or cortico-spinal excitability,
and many more may play a role (Li et al., 2004; Pulvermuller
et al., 2005). Considering physiological mechanisms, many are
proposed according to the many fields of research like ethology,
behavioral and communication research, psychosomatics,
hypnosis, and placebo research. Even the latter describes various
factors possibly involved like hormones, immune mediators,

endogenous opioids, dopamine and other neurotransmitters,
and local changes in brain metabolism, microcirculation,
and neural functions (Benedetti et al., 2003; Finniss et al.,
2010; Benedetti and Amanzio, 2013). Different mechanisms
have been described for expectation- or conditioning-induced
placebo effects (Amanzio and Benedetti, 1999), like different
neurotransmitter involvement (Scott et al., 2008), and the
activation of different brain areas (Freeman et al., 2015).
A number of excellent and basic studies have evaluated
placebo and nocebo effects on motor performance and possible
mechanisms (Carlino et al., 2014; Fiorio, 2018; Corsi et al.,
2019). In the present study, a motor performance was
only used as a marker to assess and quantitate negative or
positive effects of clinical suggestions. It is noteworthy that
in contrast to the mentioned studies, the tested suggestions
here did not contain or relate to words like muscular,
power, strength, motion, fatigue and activation, or motor
imagery. And still they had profound effects on maximal arm
muscle strength.

Similarly, various and different mechanisms are discussed for
the effects of suggestions in hypnosis (Barber, 1965; Faymonville
et al., 2000; De Benedittis, 2015; Jensen et al., 2015).

It remains unclear, and various factors have to be considered
to explain, why the positively formulated alternative suggestions
(version B) in most cases did not lead to an increase in
muscular strength, as would be expected from their intended
placebo effects. This may be due to the fact that although using
positive formulations, the surrounding and situation remain
a clinical one and thus cannot be positive indeed. Another
possible interpretation of the results is a lack of nocebo effects
in version B instead of a failed placebo effect. Altogether, this
confirms our approach not to label version A of the tested
suggestions from the beginning (in section “Materials and
Methods,” Tables, and Figures) as “nocebo” and version B as
“placebo” to leave these categories for description of the results,
not of the study object.

Clinical Implications
The clinical relevance of this study results from three aspects.
First, the reported impairment of muscular strength in surgical
patients by common suggestions in medical situations is highly
disadvantageous for postoperative mobilization, patient’s safety,
and respiration. Especially nurses and physiotherapists may
be alarmed by this side effect of careless communication
and stimulated to join efforts for positive communication.
Second, the tested suggestions were not designed for
experiments but rather were taken from everyday clinical
practice in common and frequent medical situations. Version
B of the tested suggestions can be taken as examples to
avoid these negative impacts. Third, the results reveal the
opportunity for evidence-guided improvement of therapist–
patient communication. Doctors, nurses, and other health
care providers, all can benefit from such an approach that
beyond personal impressions and subjective valuation provides
objective, quantitative, and verifiable data on nocebo effects
and its prevention.
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The described method of using a single outcome
parameter, namely, maximal arm muscle strength, for tests of
different verbal and non-verbal suggestions facilitates a direct
comparison of effects, development and validation of alternative
formulations, and study of compound suggestions. Only with
a common outcome parameter for different suggestions can
the comprehensive sum effect of all be evaluated. Thus, the
described test system could be used for complex interactions
of suggestions common in medical situations. Moreover, the
tested and observed muscular weakening could be a marker
for a more general “weakening effect” of nocebo suggestions
and a common, clinically relevant “weakening” of patients in
the medical setting (Hansen and Zech, 2019; Zech et al., 2019).
It may correspond to and reflect weakening of complex basic
physiological functions like homeostasis, recovery, or immune
surveillance that are not easy or fast to measure and quantify.
Therefore, this parameter could possibly address functional
aspects more relevant for holistic medicine than specific tested
symptoms and individual test variables. Our results show
that the word “pain” or “nauseous” besides provoking and
intensifying pain or nausea, respectively, can reduce muscle
strength. We hypothesize a general “weakening” of patients by
such nocebo effects.

CONCLUSION

Nocebo effects are even stronger in the clinical situation of
patients than in healthy volunteers in experimental settings.
In the medical surrounding, much of the common everyday
communication as well as many signals actually comprise
negative suggestions that can be identified and quantitated
by measuring changes in a uniform physiological function
like maximal muscle strength. The latter provides fast and
reproducible results for comparison of individual persons,
of groups, and of different suggestions originating from the
medical environment. Furthermore, the test system can be used
to develop and verify better alternatives that avoid negative
effects on patients’ health and treatment. This provides a
means for improvement of doctor–patient communication in
clinical practice.
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What Physiotherapists Specialized in
Orthopedic Manual Therapy Know
About Nocebo-Related Effects and
Contextual Factors: Findings From a
National Survey
Giacomo Rossettini1,2†, Tommaso Geri1†, Alvisa Palese3, Chiara Marzaro1,
Mattia Mirandola1, Luana Colloca4,5, Mirta Fiorio6, Andrea Turolla7, Mattia Manoni1 and
Marco Testa1*

1 Department of Neuroscience, Rehabilitation, Ophthalmology, Genetics, Maternal and Child Health, University of Genova,
Genova, Italy, 2 School of Physiotherapy, University of Verona, Verona, Italy, 3 Department of Medical Sciences, University
of Udine, Udine, Italy, 4 Department of Pain and Translational Symptom Science, School of Nursing, University of Maryland,
Baltimore, Baltimore, MD, United States, 5 Department of Anesthesiology and Psychiatry, School of Medicine, Center
to Advance Chronic Pain Research, University of Maryland, Baltimore, Baltimore, MD, United States, 6 Department
of Neurosciences, Biomedicine and Movement Sciences, University of Verona, Verona, Italy, 7 Department
of Neurorehabilitation Technologies, San Camillo IRCCS srl, Venezia, Italy

Objective: The aim of this study was to investigate the knowledge of orthopedic
manual therapists (OMTs) regarding context factors (CFs) capable of triggering nocebo
effects during the treatment and how this knowledge is related to their socio-
demographic features.

Design: A cross-sectional online survey.

Setting: National.

Main Outcome Measures: A 20 items questionnaire composed by open-ended and
closed single-choice questions was administered to explore: (a) socio-demographic
variables (10 questions); (b) the relation between different CFs and nocebo-related
effects (2 questions); and (c) the knowledge of participants about nocebo-related effects
and how they managed them in the clinical practice (8 questions).

Participants: 1288 OMTs were recruited from the database of the Master in
Rehabilitation of Musculoskeletal Disorders (MRDM) of the University of Genova from
March to May 2019. Inclusion criteria were: (a) to possess a valid email account; (b) to
understand and use as a native language the Italian; (c) to be graduated as OMTs; and
(d) to be employed as physiotherapists specialized-OMTs during the survey.

Results: 791 responses were received (61.4%); 473 of them were male (59.8%), with
an average age of 31.0 ± 7.1 years. OMTs defined nocebo-related effects as the
psychosocial context effects around therapy and patient with specific biological bases
(72.2%). OMTs know that their clinical practice is pervaded by nocebo-related effects
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(42.5%), triggered by CFs. Participants communicated nocebo-related effects balancing
the positive features of the therapy with the negative ones (50.9%), during the decision of
the therapeutic plan (42.7%). They reported associative learning as the main mechanism
involved in nocebo-related effects (28.8%). OMTs taught and trained patient’s strategies
to manage nocebo-related effects (39.6%) through an evaluation and correction of
patient’s anxieties, doubts and expectations (37.7%). OMTs most frequently considered
themselves to have a “medium” education about nocebo-related effects (48.2%) and
that their management should be taught during bachelor (78.6%).

Conclusion: OMTs believed that nocebo-related effects were present in their clinical
practice and that they can be triggered by CFs.

Keywords: nocebo effect, expectation, physiotherapy (MeSH), contextual factors, pain, placebo effects,
conditioning, survey

INTRODUCTION

Placebo and nocebo-related effects are emerging phenomena of
interest among researchers, scholars and clinicians in orthopedic
manual therapy (Rossettini et al., 2018a). They represent the
result of the positive (placebo) or negative (nocebo) use
of contextual factors (CFs) during the administration of a
therapy (Benedetti, 2013). Contextual factors include physical,
psychological and social elements involved in the clinical
encounter between the patient and the physiotherapist (Di
Blasi et al., 2001) such as: (a) physiotherapist’s features (e.g.,
expertise, reputation); (b) patient’s features (e.g., expectations,
previous experience); (c) patient-physiotherapist relationship
(e.g., verbal communication, posture); (d) treatment features
(e.g., overt therapy, marketing); and (e) healthcare setting
features (e.g., environment, architecture) (Testa and Rossettini,
2016). In the clinical scenario, the interaction between the specific
component of a therapy and the surrounding CFs influences
the subjective therapeutic experience (e.g., pain, fear, anxiety)
triggering placebo or nocebo-related effects (Carlino et al., 2014):
specifically, positive CFs can ameliorate the clinical outcomes,
while negative CFs can amplify patients’ symptoms preventing
their recovery (Wager and Atlas, 2015).

While placebo-related effects have been widely inquired
in orthopedic manual therapy, nocebo-related effects have
been underlined as a new research field that should be
investigated for several reasons (Rossettini et al., 2020). First,
psychobiological explanations have been documented as the
underlying mechanisms of action (e.g., genetic, expectation,
learning) of CFs and evoked nocebo-related effects (Colloca
and Barsky, 2020) capable to exacerbate the perception of a
symptom affecting also the therapeutic relationship (Hansen
and Zech, 2019). Second, specific neurotransmitters (e.g.,
cholecystokinin and cyclooxygenase-prostaglandins activation;
opioid and dopamine deactivation) have been indicated as
mediators involved in CFs and triggered nocebo-related effects
(Frisaldi et al., 2015). Part of these processes are also the
activation of neural pathways (e.g., anterior cingulate cortex,
dorsolateral prefrontal cortex, periaqueductal gray, and spinal
cord) (Darnall and Colloca, 2018). Third, the negative clinical

impact of CFs (e.g., patients’ expectations, beliefs) and induced
nocebo-related effects on therapeutic outcomes has been
highlighted at multiple healthcare levels, resulting in increased
costs, work absenteeism and medicalization (Hallegraeff et al.,
2012; Trinderup et al., 2018).

At the international level, an expert panel has recently
identified as a research priority the knowledge nocebo-related
effects and CFs among clinicians (Evers et al., 2018). To
date, one qualitative study has investigated nocebo-related
effects during the physician-patient communication in Pakistan
(Ashraf and Saaiq, 2014); while two Italian surveys have
explored the knowledge of CFs and placebo-related effects
including physiotherapists specialized in orthopedic manual
therapy and nurses (Rossettini et al., 2018b; Palese et al.,
2019), thus leaving still unexplored this research field. In
particular, OMTs represent an ideal group of clinicians to
be investigated because their practice is intrinsically pervaded
by CFs: during the administration of each therapy (e.g.,
joint mobilization, massage, exercise) they use CFs (e.g.,
verbal and non-verbal communication) influencing the outcome
(Rossettini et al., 2018a).

Thus, the aim of this study was to investigate the knowledge
of orthopedic manual therapists (OMTs) regarding context
factors (CFs) capable of triggering nocebo effects during the
treatment and how this knowledge is related to their socio-
demographic features.

MATERIALS AND METHODS

Design
This quantitative cross-sectional survey was conducted
according to the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) guidelines (Eysenbach, 2004) and
the STrengthening the Reporting of OBservational Studies in
Epidemiology (STROBE; Von Elm et al., 2007), from March
to May 2019. All the procedures were approved by the Liguria
Clinical Experimental Ethics Committee (P.R.236REG2016,
accepted on 19/07/2016).
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Participants and Settings
Participants were Italian physiotherapists specialized and
graduated as OMTs (Rossettini et al., 2018b). Our sample
of OMTs was recruited from the database of the Master
in Rehabilitation of Musculoskeletal Disorders of Genova
University (n = 1288). This higher educational program
represents approximately the totality of the Italian
physiotherapists specialized as OMT. Furthermore, it is the
oldest academic post-graduate program in manual therapy in
Italy (Bologna Working Group, 2005) based upon the standards
established by the International Federation of Orthopedic
Manipulative Physical Therapists (IFOMPT, 2016).

Inclusion criteria were: (a) to possess a valid email account; (b)
to understand and use as a native language the Italian; (c) to be
graduated as OMTs; and (d) to be employed as physiotherapists
specialized-OMTs during the survey. Exclusion criteria were: (a)
to possess an invalid email account; (b) to use and understand
different languages than Italian; (c) to be trained as OMT student
during the survey; and (d) to be employed as non-specialized
physiotherapists.

From the total population target of 1288 OMTs, approximately
516–773 responses were expected, based on previous studies
placebo-related effects and CFs in which the response rate was
from 30 to 60% (Rossettini et al., 2018b; Palese et al., 2019). The
application of these predicted values to the formula for estimating
the sample size using a single population proportion with the
population proportion set at 50.0% produced a two−sided 95.0%
confidence level of 2.2–3.3% points of the true value and a relative
standard error ranging from 2.3 to 3.4 (Australian Bureau of
Statistics, 2020).

Questionnaire Development and
Pre-testing
The questionnaire adopted in this study was adapted from a
previous survey published on CFs and placebo-related effects
among OMTs (Rossettini et al., 2018b). Using distinct and
iterative steps, a panel of six experts in nocebo-related effects,
CFs and survey design: (a) modified the meaning of items from
a positive (=placebo) to a negative (=nocebo) meaning; (b)
evaluated items for face and content validity of the new version
of the questionnaire; and (c) valued the content accuracy, survey
structure and word clarity (De Leeuw et al., 2008). In a first
phase each member of the panel worked independently; in a
second phase they discussed and confronted using a thinking
aloud strategy. The final survey tool was composed by 20
items available in Italian (Supplementary File 1) and English
(Supplementary File 2).

The survey was piloted as a self-administered questionnaire
in a convenient sample of 15 OMTs (North, n = 5; Center, n = 5;
South of Italy, n = 5), not included in final sample of the study. To
investigate potential filled in issues (e.g., vague questions, unclear
words), a telephone debriefing session (De Leeuw et al., 2008)
among the involved 15 OMTs was performed. The outcome of
the pilot study was positive: the sample referred that the questions
did not need further explanation, and the words were simple and
easy to understand: thus, no changes to the items were applied.

Questionnaire Implementation
The self-administered questionnaire was divided into three
sections (A, B, and C). In the first section (A) the socio-
demographic variables were collected using two open-ended
questions (age, years of clinical practice) and eight closed single-
choice questions (gender, Italian region, workplace, type of
work, setting, profile of patients cared for, field of work, hours
of work per week).

The section (B) included variables exploring the relation
between different CFs and nocebo-related effects by using
two closed single-choice questions. Specifically, the questions
investigated the frequency of nocebo-related effects in the OMTs’
experience (answers from “never” to “always”) and the beliefs
about the weight of specific CFs (Likert from 0 “not at all” to 4
“a lot of”) in triggering nocebo-related effects.

The last section (C) included variables exploring the
knowledge of participants about nocebo-related effects and
how they managed them in the clinical practice. In particular,
eight closed single-choice questions investigated: (a) the
communication (n = 2); (b) the mechanisms of action (n = 1); (c)
the management issues (n = 2); (d) the education (n = 2); and (e)
the definition (n = 1) of CFs and nocebo-related effects.

Data Collection Procedure
The SurveyMonkey (Survey-Monkey, Palo Alto, California)1 was
selected as an online survey tool. Orthopedic manual therapists
were invited to participate in the study through an email (De
Leeuw et al., 2008) in which the aim of the study and the
anonymity of data were explained. The email also pointed
that the informed consent to participate in the study would
have been provided by clicking on the survey link (Eysenbach
and Wyatt, 2002). Participants could change their answers and
review them before submitting the final survey, but they were
required to answer all questions to prevent missing data. The
survey took responders between 5 and 10 minutes to complete:
this response time was chosen to optimize responses rate
(Fan and Yan, 2010).

Data were downloaded and stored in an encrypted computer.
Only the principal investigator could have access to the
information achieved during all stages of the study. All data
(name and email address) were anonymized to ensure privacy
and data protection (De Leeuw et al., 2008) leaving the
participants’ identities concealed to researchers (Eysenbach and
Wyatt, 2002). No incentives were offered to participants and
the attendance was voluntary (Eysenbach and Wyatt, 2002). The
OMTs who did not complete the questionnaire were encouraged
to participate in the survey by an email reminder at 2, 4, and
8 weeks after the first contact.

Data Analysis
To review answers accuracy, data were transferred from
SurveyMonkey to Excel spreadsheet. For descriptive statistic,
continuous variables were reported using mean, standard
deviation (SD) and confidence intervals at 95% (95% CI); whereas
absolute frequency and percentage described dichotomous,

1www.surveymonkey.com
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nominal and ordinal variables, coming from single answer
questions. Age and years of clinical practice were transformed
into ordinal variables considering a decade as variable level for
the analysis of correlations.

As this study is the first on nocebo in physiotherapy,
we analyzed all the possible relations between the socio-
demographic characteristics of the sample (section A, intended
as the dependent variables) and answers to section (B) and (C),
intended as independent variables, were analyzed with Cramer’s
V, which is a statistic analysis tool that measures strength and
directions of associations used when one or both the independent
and dependent variables consists of unordered categories with
more than two levels. Only correlation values higher than the
threshold (>0.50) (Cohen, 1988) were accepted and reported in
the study. R software was used for the data analysis (R Core
Team, 2020) with the packages psych (Revelle, 2017) and ggplot2
(Wickham, 2009).

RESULTS

Flow of Participants Through the Study
From the sample of 1288 OMTs, 791 responses were received
(61.4%). Most participants were male (n = 473; 59.8%; 95% CI
56.3–63.2) and their average age was 31.0 ± 7.1 years. Overall,
70.9% of OMTs (n = 561; 95% CI 67.6–74.0) reported to work in
the North of Italy. Respondents had an average clinical experience
of 7.4 ± 6.3 years. The majority of them was employed in
private health care settings (n = 676; 85.5%; 95% CI 82.8–87.8)
as a freelance professional (n = 569; 71.9%; 95% CI 68.6–75.0)
working between 32 and 45 h per week (n = 433; 54.7%; 95% CI
51.2–58.2) in an outpatient clinic (n = 607; 76.7%; 95% CI 73.6–
79.6). A high proportion of OMTs worked in the musculoskeletal
field (n = 718; 90.8%; 95% CI 88.5–92.7) with adult patients (646;
81.7%; 95% CI 78.8–84.3). The participants’ demographics are
described in Table 1.

Definition of Nocebo-Related Effects
Orthopedic manual therapists were asked how they would
define nocebo-related effects: the most selected option was
“psychosocial effects of the context around therapy and patient
with specific biological bases” (n = 571; 72.2%; 95% CI 68.9–
75.3). Some OMTs opted for “health procedure effects able to
create negative expectations” (n = 162; 20.5%; 95% CI 17.7–
23.5), whereas the less frequent response was “adverse responses
observed in people of the control group of randomized clinical
trials” (n = 58; 7.3%; 95% CI 5.7–9.4).

Mechanisms of Action of
Nocebo-Related Effects
Analyzing the mechanisms of action that are believed to
explain nocebo-related effects, the most frequent response was
“associative learning (e.g., conditioning)” (n = 228; 28.8%; 95%
CI 25.7–32.1), followed by “patient’s expectation” (n = 207;
26.2%; 95% CI 23.2–29.4). Other options were (in descending

TABLE 1 | Socio-demographic variables.

Demography Values 95% CI

Years, mean (SD) 31.0 (7.1) 30.5–31.5

Years of clinical practice, mean (SD) 7.4 (6.3) 7.0–7.8

Gender, n (%)

Male 473 (59.8) 56.3–63.2

Female 318 (40.2) 36.8–43.7

Italian region, n (%)

North 561 (70.9) 67.6–74.0

Center 161 (20.4) 17.6–23.4

South 69 (8.7) 6.9–11.0

Workplace, n (%)

Private health care settings 676 (85.5) 82.8-87.8

Public health care settings 115 (14.5) 12.2-17.2

Type of work, n (%)

Freelance professional 569 (71.9) 68.6–75.0

Employee 222 (28.1) 25.0–31.4

Setting, n (%)

Outpatient clinic 607 (76.7) 73.6–79.6

Hospital 123 (15.5) 13.1–18.3

Residential care (nursing home) 61 (7.7) 6.0–9.9

Profile of patients, n (%)

Adults 646 (81.7) 78.8–84.3

Older people 134 (16.9) 14.4–19.8

Pediatrics 11 (1.4) 0.7–2.6

Field of work, n (%)

Musculoskeletal 718 (90.8) 88.5–92.7

Neurological 57 (7.2) 5.5–9.3

Cardiorespiratory 11 (1.4) 0.7–2.6

Oncological 3 (0.4) 0.1–1.2

Uro-gynecological 2 (0.3) 0.0–1.0

Hours of work per week, n (%)

1–15 18 (2.3) 1.4–3.6

16–30 175 (22.1) 19.3–25.2

31–45 433 (54.7) 51.2–58.2

46–60 146 (18.5) 15.8–21.4

>60 19 (2.4) 1.5–3.8

n, number of participants;%, percentage; SD, standard deviation; 95% CI, 95%
confidence interval; >, more.

order): “psychological traits” (n = 125; 15.8%; 95% CI 13.4–
18.6), “previous experiences” (n = 95; 12.0%; 95% CI 9.9–
14.5), “social learning” (n = 66; 8.3%; 95% CI 6.6–10.5), and
“neurophysiological” mechanisms (n = 52; 6.6%; 95% CI 5.0–8.6).
The less chosen option regarding the mechanism of action was
“genetic” (n = 18; 2.3%; 95% CI 1.4–3.6).

Beliefs About CFs as Triggers of
Nocebo-Related Effects
Participants reported a high level of conviction toward CFs
(mean = 2.4 out of 4; 95% CI 2.4–2.5) as triggers of nocebo-related
effects. Specifically, the most important CFs were (in descending
order): “lack of empathetic therapeutic alliance with the patient”
(mean = 3.3; 95% CI 3.3–3.4), “patient’s negative expectation”
(mean = 3.3; 95% CI 3.2–3.4), “patient’s previous negative
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experience” (mean = 3.2; 95% CI 3.1–3.2); “negative verbal
communication” (mean = 3.1; 95% CI 3.0-3.1); and “negative
attitudes and pessimistic behavior” (mean = 3.1; 95% CI 3.0-3.1).

Less influent CFs were (in descending order): “printed
information about the therapy” (mean = 1.9; 95% CI 1.8–1.9);
“hidden therapy” (mean = 1.8; 95% CI 1.7–1.8); “inaccurate
design” (mean = 1.7; 95% CI 1.7–1.8), “lack of patient’s familiarity
with the therapy” (mean = 1.6; 95% CI 1.6–1.7); “lack of uniform”
(mean = 1.6; 95% CI 1.5–1.7). A complete description of CFs
capable to trigger nocebo-related effects is reported in Table 2.

Frequency of Nocebo-Related Effects
Orthopedic manual therapists reported that nocebo-related
effects were present in their clinical experience with a frequency
of (in descending order): “sometimes” (n = 336; 42.5%; 95% CI
39.0–46.0), “often” (n = 286; 36.2%; 95% CI 32.8–39.6), “rarely”
(n = 147; 18.6%; 95% CI 16.0–21.5), “always” (n = 11; 1.4%; 95%
CI 0.7–2.5) and “never” (n = 11; 1.4%; 95% CI 0.7–2.5).

Communication of Nocebo-Related
Effects
When asked how participants were used to communicate
nocebo-related effects to the patient, the most frequent answer
was “balance the positive features of the therapy with the negative
ones” (n = 403; 50.9%; 95% CI 47.4–54.5), whereas few OMTs
reported to “do not say anything” (n = 77; 9.7%; 95% CI 7.8–12.1).

Regarding when they communicate nocebo-related effects,
most of OMTs informed their patients “during the decision of the
therapeutic plan” (n = 338; 42.7%; 95% CI 39.3–46.3). The option
“during the clinical examination” (n = 17; 2.1%; 95% CI 1.3–3.5)
was the less chosen. The detailed communication strategies used
in daily practice are reported in Table 3.

Management of Nocebo-Related Effects
The most adopted intervention to avoid nocebo-related effects
was “teach and train patient’s strategies to manage adverse
events” (n = 313; 39.6%; 95% CI 36.2–43.1). The less chosen
responses were “refer to evidence-based information on the
Internet” (n = 14; 1.8%; 95% CI 1.0–3.0) and “adopt a gradual
reduction of the treatment in a hidden way” (n = 9; 1.1%; 95%
CI 0.6–2.2).

When asked which clinician-patient communication was
mainly adopted to avoid nocebo-related effects, the majority of
OMTs replied “evaluate and modify patient’s anxieties, doubts
and expectations” (n = 298; 37.7%; 95% CI 34.3–41.2), whereas a
minor number of OMTs chose “ask the patient to give questions”
(n = 17; 2.1%; 95% CI 1.3–3.5). Table 4 presented the overall
responses about the management of nocebo-related effects.

Education of Nocebo-Related Effects
The majority of OMTs considered their education about nocebo-
related effects as “medium” (n = 381; 48.2%; 95% CI 44.6–51.7),
followed by “limited” (n = 218; 27.6%; 95% CI 24.5–30.8) and
“very good” (n = 165; 20.9%; 95% CI 18.1–23.9). Some of them
considered it “absent” (n = 20; 2.5%; 95% CI 1.6–3.9) and a few
“complete” (n = 7; 0.9%; 95% CI 0.4–1.9).

Most participants believed that the management of nocebo-
related effects should be taught in “bachelor degree” (n = 622;
78.6%; 95% CI 75.6–81.4). Many respondents suggested that
the education should be preferably provided during a “post-
graduation diploma” (n = 77; 9.8%; 95% CI 7.8–12.1) and some
of them as “e-learning/advanced distance learning” (n = 55; 7.0%;
95% CI 5.3–9.0). The less chosen options were “master of science
degree” (n = 22; 2.8%; 95% CI 1.8–4.2), “Philosophy doctor
degree” (n = 15; 1.9%; 95% CI 1.1–3.2).

Correlation Between Variables
Strength of association between variables was weak, with a
Cramer’s V below (from 0.1 to 0.3) the established threshold
(Cramer’s V < 0.5) in all correlations, such as between socio-
demographic variables of section (A) and responses given in
section (B) and (C) of the survey.

DISCUSSION

This is the first national survey that investigates the knowledge
of Italian OMTs regarding nocebo-related effects and CFs. The
main finding of this study suggests that OMTs are aware of the
presence of nocebo-related effects in their clinical practice and
that these effects can be triggered by CFs.

According to current evidences (Miller and Miller, 2015;
Carlino and Benedetti, 2016), Italian OMTs defined nocebo-
related effects as due to the negative psychosocial context around
the therapy, composed of both internal and external elements to
the patient and capable to influence his/her therapeutic outcomes
through specific biological bases, thus reflecting an adequate
knowledge of the topic.

Our participants identified in the associative learning and
expectations the main mechanisms of action explaining nocebo-
related effects. As reported in several studies, the repetitive
negative associations of the therapy with CFs (e.g., specific color
and shape of a medicine) (Faasse and Martin, 2018), similar
and negative previous experiences (Colloca et al., 2010; Testa
and Rossettini, 2016) and verbal messages highlighting negative
expectations (e.g., “you will receive a medication which will
increase your pain”) (Blasini et al., 2017) can trigger nocebo-
related effects both in healthy people (Colloca et al., 2008;
Bingel et al., 2011) and in patients (Damien et al., 2018).
Instead, OMTs considered genetic as the less influent mechanism
contrary to evidence that have identified the involvement of
specific genes such as catechol-O-methyltransferase (COMT) in
the development of nocebo-related effects (Wendt et al., 2014).

Italian OMTs reported that they encountered nocebo-related
effects in their clinical practice, and they are convinced that these
effects are triggered by specific CFs present in the therapeutic
context. The most influential CFs were those mainly related to the
encounter between patient and physiotherapist, that represents
a fundamental moment in which biopsychosocial components
are investigated, symbolizing the foundations for the therapeutic
alliance in physiotherapy (Miciak et al., 2018; Moore et al., 2020).
In detail, the lack of empathetic therapeutic alliance with the
patient (Fuentes et al., 2014), the patient’s negative expectations
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TABLE 2 | Beliefs about CFs as triggers of nocebo-related effects.

Likert score
mean (95%

CI)

4 n (%); 95%
CI

3 n (%); 95%
CI

2 n (%); 95%
CI

1 n (%); 95%
CI

0 n (%); 95%
CI

A: Weak professional reputation (e.g.,
qualification, expertise of physiotherapist)

2.6 (2.6–2.7) 136 (17.2);
14.7–20.0

360 (45.5);
42.0–49.1

207 (26.2);
23.2–29.4

47 (5.9);
4.4–7.9

41 (5.2);
3.8–7.0

A. Lack of uniform (e.g., white coat of
physiotherapist)

1.6 (1.5–1.7) 15 (1.9);
1.1–3.2

116 (14.7);
12.3–17.4

284 (35.9);
32.6–39.4

296 (37.4);
34.1–40.9

80 (10.1);
8.1–12.5

A. Negative attitudes and pessimistic
behavior (e.g., toward a patient’s dysfunctions)

3.1 (3.0–3.1) 279 (35.3);
32.0–38.7

373 (47.1);
43.6–50.7

87 (11.0);
8.9–13.4

19 (2.4);
1.5–3.8

33 (4.2);
2.9–5.9

B. Patient’s negative expectation (e.g.,
toward a physiotherapy treatment)

3.3 (3.2–3.4) 426 (53.9);
50.3–57.4

271 (34.3);
31.0–37.7

42 (5.3);
3.9–7.2

18 (2.3);
1.4–3.6

34 (4.3);
3.0–6.0

B. Patient’s previous negative
experience (e.g., toward a physiotherapy
treatment)

3.2 (3.1–3.2) 343 (43.4);
39.9–46.9

314 (39.7);
36.3–43.2

89 (11.2);
9.2–13.7

5 (0.6); 0.2–1.6 40 (5.1);
3.7–6.9

C. Negative verbal communication (e.g.,
medical language, lack of positive messages
associated with the treatment)

3.1 (3.0–3.1) 298 (37.7);
34.3–41.2

334 (42.2);
38.8–45.8

98 (12.4);
10.2–14.9

24 (3.0);
2.0–4.5

37 (4.7);
3.4–6.5

C. Negative non-verbal
communication (e.g., closing posture,
gestures, absence of eye contact, facial
expressions)

2.7 (2.6–2.8) 167 (21.1);
18.3–24.2

345 (43.6);
40.1–47.2

197 (24.9);
22.0–28.1

41 (5.2);
3.8–7.0

41 (5.2);
3.8–7.0

C. Lack of empathetic therapeutic alliance
with the patient (e.g., lack of active listening)

3.3 (3.3–3.4) 373 (47.1);
43.6–50.7

316 (39.9);
36.5–43.5

90 (11.4);
9.3–13.8

11 (1.4);
0.7–2.5

1 (0.1); 0.0–0.8

D. Information about the therapy delivered
by other patients (e.g., negative
communicated or observed responses)

2.5 (2.4–2.5) 95 (12.0);
9.9–14.5

324 (41.0);
37.5–44.5

267 (33.7);
30.5–37.2

68 (8.6);
6.8–10.8

37 (4.7);
3.4–6.4

D. Printed information about the
therapy (e.g., medical leaflets)

1.9 (1.9–2.0) 37 (4.7);
3.4–6.4

187 (23.6);
20.7–26.8

319 (40.3);
36.9–43.8

196 (24.8);
21.8–28.0

52 (6.6);
5.0–8.6

D. Information about the therapy from the
media (e.g., internet, social media, television
news)

2.5 (2.5–2.6) 158 (20.0);
17.3–23.0

291 (36.8);
33.4–40.3

216 (27.3);
24.3–30.6

83 (10.5);
8.5–12.9

43 (5.4);
4.0–7.3

D. Hidden therapy (e.g., impossibility for the
patient to see when the therapy is delivered)

1.8 (1.7–1.8) 27 (3.4);
2.3–5.0

150 (19.0);
16.3–21.9

300 (37.9);
34.5–41.4

235 (29.7);
26.6–33.0

79 (10.0);
8.0–12.3

D. Sudden interruption of the therapy (e.g.,
to attend other patients or colleagues)

2.3 (2.2–2.4) 38 (4.8);
3.5–6.6

287 (36.3);
32.9–39.8

346 (43.7);
40.3–47.3

110 (13.9);
11.6–16.6

10 (1.3);
0.6–2.4

D. Marketing of the therapy (e.g., cost,
brand, color, shape)

2.1 (2.0–2.2) 49 (6.2);
4.7–8.2

233 (29.5);
26.3–32.8

314 (39.7);
36.3–43.2

144 (18.2);
15.6–21.1

51 (6.4);
4.9–8.4

D. Lack of patient’s familiarity with the
therapy (e.g., new therapy)

1.6 (1.6–1.7) 18 (2.3);
1.4–3.6

121 (15.3);
12.9–18.0

281 (35.5);
32.2–39.0

301 (38.0);
34.7–41.5

70 (8.8);
7.0–11.1

D. Lack of patient-centered approach (e.g.,
not shared-decision of physiotherapy treatment)

2.6 (2.5–2.7) 148 (18.7);
16.1–21.6

317 (40.1);
36.7–43.6

217 (27.4);
24.4–30.7

73 (9.2);
7.3–11.5

36 (4.5);
3.2–6.3

D. Inappropriate physical contact with the
patient (e.g., invasiveness of the touch)

2.6 (2.5–2.7) 152 (19.2);
16.6–22.2

334 (42.2);
38.8–45.8

204 (25.8);
22.8–29.0

58 (7.3);
5.7–9.4

43 (5.4);
4.0–7.3

E. Lack of comfortable setting (e.g.,
inappropriate lighting, temperature)

2.4 (2.4–2.5) 96 (12.1);
10.0–14.7

321 (40.6);
37.1–44.1

242 (30.6);
27.4–34.0

92 (11.6);
9.5–14.1

40 (5.1);
3.7–6.9

E. Inadequate environmental
architecture (e.g., inappropriate highlights,
indicators)

2.0 (1.9–2.1) 35 (4.4);
3.1–6.2

223 (28.2);
25.1–31.5

293 (37.0);
33.7–40.5

187 (23.6);
20.7–26.8

53 (6.7);
5.1–8.7

E. Inaccurate design (e.g., absence of
decorations, ornaments, colors)

1.7 (1.7–1.8) 18 (2.3);
1.4–3.6

151 (19.1);
16.4–22.0

293 (37.0);
33.7–40.5

258 (32.6);
29.4–36.0

71 (9.0);
7.1–11.2

n, number of participants; 95% CI, 95% confidence interval; 0, not at all; 1, few; 2, enough; 3, much; 4, a lot of; A, physical therapist domain; B, patient domain; C,
physical therapist-patient relationship domain; D, therapy domain; E, healthcare setting domain.

as well as previous negative experience(s) (Testa and Rossettini,
2016), the physiotherapist’s negative verbal communication,
attitudes and pessimistic behavior (Oliveira et al., 2012) have been
all shown to negatively influence subjective (e.g., pain, anxiety)
and objective (e.g., function, disability) outcomes in patient
with musculoskeletal pain. Instead, the printed information
about the therapy and the hidden administration of the therapy

(Wand et al., 2012), the inaccurate design (Schweitzer et al.,
2004), the lack of patient’s familiarity about the therapy (Faasse
and Martin, 2018) and the lack of physiotherapist’s uniform
(Mercer et al., 2008) have been considered less influent CFs
likelihood because of a OMTs’ poor of awareness of their negative
clinical importance. Overall, our findings suggest to OMTs the
need to consider CFs as triggers of nocebo-related effects capable
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TABLE 3 | Communication of nocebo-related effects.

Communication n (%) Values 95% CI

How do you mainly communicate nocebo effects to the patient?

Balance the positive features of the therapy with the negative ones 403 (50.9) 47.4–54.5

Carefully explain the effects and the role played by the negative context 226 (28.6) 25.5–31.9

Minimize negative information on nocebo-related effects by not reporting all the elements 85 (10.7) 8.7–13.2

Do not say anything 77 (9.7) 7.8–12.1

When do you mainly communicate nocebo effects to the patient?

During the decision of the therapeutic plan 338 (42.7) 39.3–46.3

During the administration of the therapy 221 (27.9) 24.9–31.2

Do not communicate anything 114 (14.4) 12.1–17.1

During the anamnesis 56 (7.1) 5.4–9.1

During the formulation of the diagnosis 45 (5.7) 4.2–7.6

During the clinical examination 17 (2.1) 1.3–3.5

n, number of participants;%, percentage; 95% CI, 95% confidence interval.

TABLE 4 | Management of nocebo-related effects.

Management of nocebo-related effects, n (%) Values 95% CI

Which interventions do you mainly use to avoid nocebo effects?

Teach and train patient’s strategies to manage nocebo-related effects 313 (39.6) 36.2–43.1

Optimize expectations toward treatment and nocebo-related effects 196 (24.8) 21.8–28.0

Explain nocebo-related effects using illustrative methods (e.g., videos, figures, graphs and percentages) and simple language 110 (13.9) 11.6–16.6

Present first the positive features of the treatment and then the negative ones 71 (9.0) 7.1–11.2

Do not do anything 46 (5.8) 4.3–7.7

Use pre-treatments with a reduced percentage of nocebo-related effects (e.g., active or inert treatment-test) 32 (4.0) 2.8–5.7

Refer to evidence-based information on the Internet 14 (1.8) 1.0–3.0

Adopt a gradual reduction of the treatment in a hidden way 9 (1.1) 0.6–2.2

Which clinician-patient communication do you mainly use to avoid nocebo-related effects?

Evaluate and modify patient’s anxieties, doubts and expectations 298 (37.7) 34.3–41.2

Use an empathic and authentic communication style 233 (29.5) 26.3–32.8

Provide adequate information (e.g., pathology, diagnosis, treatment, adverse events) 145 (18.3) 15.7–21.2

Investigate previous experiences of therapeutic failure 38 (4.8) 3.5–6.6

Ask the patient to summarize the information provided to avoid misunderstanding 34 (4.3) 3.0–6.0

Use images and narrative 26 (3.3) 2.2–4.8

Ask the patient to give questions 17 (2.1) 1.3–3.5

n, number of participants;%, percentage; 95% CI, 95% confidence interval.

to negatively impact patients’ outcomes in accordance to the
evidences reported in medicine (Colloca and Barsky, 2020) and
physiotherapy (Rossettini et al., 2020).

OMTs communicated nocebo-related effects mainly during
the decision of the therapeutic plan, balancing the positive
features of the treatment with the negative ones. According to
evidence available, no information should be omitted during
the discussion of the positive and negative effects of treatment,
offering to clinicians three options of communication: (a)
explaining and highlighting as first the desired positive treatment
effects (Kleine-Borgmann and Bingel, 2018); (b) reframing the
information on negative effects in a positive way (Enck et al.,
2013; Bingel, 2014); and (c) informing patients about the
presence of nocebo-related effects and their relevance in the
treatment (Crichton and Petrie, 2015). Only few OMTs did
not inform their patients, resulting in a non-transparent and
deceptive communication that threatens the respect of ethical

principles behind the therapy administration (e.g., the principle
of autonomy, the informed consent) (Colloca and Finniss, 2012;
Klinger et al., 2017).

Italian OMTs referred they managed nocebo-related effects by
teaching and training patient’s strategies to control unintended
negative effects of treatment. Orthopedic manual therapists
also reported having adopted an empathic and authentic
communication style aimed to evaluate and modify patients’
anxieties, doubts and expectations. Overall, these results highlight
how an adequate interaction between the clinician and the
patient is essential to minimize nocebo-related effects (Dieppe
et al., 2016; Blasini et al., 2018), underlining the importance of
education (Wijma et al., 2016; Hoon et al., 2017). During the
therapeutic encounter, it has been shown that an appropriate
education can influence the outcome (e.g., pain, function) (Louw
et al., 2016) and improve the patients’ self-efficacy (Jönsson et al.,
2018) in patients with musculoskeletal pain.
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Most OMTs considered to have a medium level of education
about nocebo-related effects suggesting that this topic should
be taught mainly during the bachelor degree, as suggested
internationally (Evers et al., 2018) and previously reported among
clinicians (Rossettini et al., 2018b; Palese et al., 2019) and students
(Cadorin et al., 2020) in physiotherapy and in nursing field.

Strengths and Weakness of the Study
The current survey presented some strengths. A high response
rate was achieved (61.4%), confirming the willingness of OMTs
to participate in this study. Moreover, authors have adopted an
online survey to understand the opinion of the target population.
The methodological choice was previously used in surveys on
placebo-related effects and CFs representing a valid tool aimed to
capture the perspective of a large sample of healthcare providers
(Rossettini et al., 2018b).

As a weakness, a group of Italian physiotherapists specialized
in OMT educated mostly in managing musculoskeletal pain
in the private healthcare settings (AIFI, 2020) were involved.
Therefore, their response can be not generalizable to non-
specialized physiotherapists (e.g., not OMTs), working in other
fields (e.g., neurology) and employed in different settings (e.g.,
hospital), thus suggesting future studies in this field. Most of
participants worked full-time, in the North of Italy and for less
than 10 years: these are all factors that could have influenced
beliefs and knowledge regarding nocebo effects, limiting the
generalizability of findings (Rossettini et al., 2018b). Moreover,
data were self-reported introducing a social and recall bias that
can have affected the findings. Furthermore, the format of asking
participants how to define nocebo effects with a closed question
with three options could have given some prior cues to the
participant, thus biasing their reported knowledge on the topic.
Finally, despite the anonymity was guaranteed some participants
might have misreported some data (Eysenbach, 2004;
Palese et al., 2019).

CONCLUSION

In summary this national survey shows that OMTs are aware of
the presence of nocebo-related effects in their clinical practice and
that these effects can be triggered by CFs. From a policymakers’
perspective, it is recommended to ensure an appropriate
knowledge on nocebo-related effects among healthcare providers

aimed at minimizing their negative impact in clinical practice,
including this topic in undergraduate education.
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The COVID-19 pandemic is a major health issue, which leads to psychological and 
behavioural changes. In particular, among various negative feelings, fear seems to be one 
of the main emotional reactions that can be as contagious as the virus itself. The actual 
pandemic is likely to function as an important stressor, especially in terms of chronic 
anxiety and lack of control over the succession of unforeseeable environmental events. 
In this direction, the psychological impact of previous quarantine measures showed 
important negative psychological effects, including post-traumatic stress symptoms (PTTS) 
with long-lasting effects. The presence of psychological discomfort and disturbances due 
to negative contextual factors can be studied using the nocebo phenomenon as a possible 
theoretical explanatory framework. Although in the absence of studies linking nocebo to 
Covid-19 and data-driven evidence, the context of the actual pandemic may be seen as 
a fertile ground for amplified discomfort and anxiety. The media provide dramatic and 
negative descriptions and often present conflicting sources of information, which can lead 
to physical and mental health problems, diminishing response to treatment. This can 
be worse when supported by conspiracy theories or misinformation. The aim of this 
perspective review is to propose a new theoretical framework for the COVID-19 pandemic, 
which should be supported by future empirical studies. In particular, the negative contextual 
factors, which can predispose individuals to psychological distress and the onset of the 
nocebo phenomena will be presented here, in order to suggest possible guidelines to 
mitigate the devastating effects of COVID-19.

Keywords: COVID-19 pandemic, negative expectation, nocebo effects in randomised controlled trials, nocebo 
responses in brain imaging studies, mood changes, psychosocial context

INTRODUCTION

The COVID-19 pandemic includes a perfect storm in which powerful nocebo effects may 
be  flourishing. The nocebo effect can be  mediated by situational-contextual factors (such as 
verbal information and suggestions, healthcare beliefs and health professional interactions, 
exposure to negative media campaigns, or previous personal experience) and by individual factors.
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In Hahn and Kleinman (1983) published, in the prestigious 
Medical Anthropology Quarterly, a short article on the effects 
of belief. In particular, the authors underlined that beliefs may 
“kill” and beliefs may “heal” and what a person believes within 
a society plays a significant role both in producing disease 
and as a remedy. The authors illustrated different forms of 
the nocebo effect, as beliefs influence outcomes, particularly 
in the absence of specific events or communications: fear of 
heart disease increases the risk of ischemic attack; similarly, 
depressive states – i.e., a generalised sense of impotence – 
increase the probability of death as a result of ischemic events. 
Moreover, it is important to note how Cannon (1942) had 
already previously defined the phenomenon of “voodoo death” 
as a dramatic nocebo effect, following the induction of a 
pervasive state of terror. Prolonged stress events due to different 
adverse environmental contexts can cause the collapse of the 
neurovegetative balance and this can be  so serious that it 
paralyses vital functions and induces death, even in the absence 
of organic lesions. In particular, the death may be  caused by 
lasting and intense action of the sympathico-adrenal system. 
Since Cannon’s observations, accumulated evidence supported 
his concept of “voodoo death” and nowadays it is considered 
as a real phenomenon, but far from being limited to ancient 
peoples. It can be  defined as a basic biological principle that 
provides an important clue to understand the phenomenon 
of sudden death, as well as to provide an explanation for 
neurovisceral diseases (Samuels, 2007).

Subsequently, the research data and experiments on the 
nocebo effect have multiplied, substantially confirming the 
hypotheses of the previous authors, demonstrating important 
novel relationship between stress and emotion in the field of 
the neurobiology of pain (Amanzio et  al., 2016a). Nocebo 
phenomena have a detrimental effect on health in terms of 
psychosomatic factors produced mainly by psychosocial aspects, 
such as negative treatment expectations or prognosis. Recently, 
nocebo has become a popular research topic, as it compromises 
treatment outcome and reduces adherence to therapy (Howick 
et  al., 2018). In addition, negative expectations can increase 
stress and anxiety levels, which can affect our health and well-
being (Kong and Benedetti, 2014).

Although in the absence of studies linking the nocebo effect 
to COVID-19 and data-driven evidence, the outbreak of the 
actual pandemic, and other past epidemics, may be  a perfect 
scenario for an amplified nocebo effect to occur. In particular, 
when individuals feel the lack of control of a new situation 
and the perceived high level of contagion risk, the lack of 
information to refer to, the lack of available treatments or 
vaccines, and the spread of negative news. In addition, quarantine 
measures caused post-traumatic stress symptoms (PTSS), 
confusion, anxiety, and anger associated with acute stress 
reactions and post-traumatic stress disorder (Brooks et al., 2020).

The COVID-19 pandemic led to negative emotions, such 
as fear and anxiety (Liu et  al., 2020). In particular, recently, 
intense anxiety and PTSS have been described among the 
Chinese population, especially Wuhan residents, due to the 
number of infections increasing, the lack of clear and definite 
information of virus from the media, the shortage of medical 

workers and resources, and the lack of masks and protecting 
supplies in the marketplace (Kang et  al., 2020). In addition, 
the social distancing and isolation that accompany long-term 
lockdowns might be  a risk factor for anxiety, addictive, and 
mood disorders (Sani et  al., 2020).

In the current pandemic, important stressors are mainly 
due to uncertainty and changes in the environment and, in 
some cases, lack of activity to shift attention away from negative 
news and information, which trigger negative thoughts and 
expectations. In this direction, contextual factors, such as social 
networks and media, flood people with dramatic and mostly 
negative information. They present conflicting and confusing 
sources of information, often supported by conspiracy theories 
and misinformation. These news sources represent a possible 
breeding ground for psychological distress and a great burden 
for individuals. It is important to note that conflicting information 
are associated with increased stress. Misplaced expectations 
(probably one type of conflicting information) can lead to 
anxiety and/or depression if and when authorities apply the 
COVID-19 lockdown more rigorously (Torales et  al., 2020). 
In particular, stress associated with negative expectations, which 
can be  a fertile substrate for the onset of a nocebo effect, can 
produce significant physiological changes in the human body, 
including sleep disorders, respiratory complications, circulatory 
stress, digestive disorders, muscle tension, and pain (Liu et  al., 
2020). These symptoms are likely to further aggravate the 
prognosis of individuals with COVID-19.

Given the hypothesised importance of the negative contextual 
factors, which can predispose individuals to psychological 
distress and the onset of the nocebo phenomena, studies 
characterising nocebo phenomena in clinical trials and in brain 
imaging experiments will be  presented in order to provide an 
interesting theoretical framework in the current COVID-19 
pandemic. Finally, possible guidelines to mitigate the devastating 
effects of COVID-19 will be  suggested.

NEGATIVE CONTEXTUAL FACTORS 
PREDISPOSING INDIVIDUALS TO 
PSYCHOLOGICAL DISTRESS

Previous coronavirus epidemics caused an increase in stress 
levels and neuropsychiatric implications, − i.e., mental disorders 
that are the sequelae of brain damage or disease, in patients 
admitted to hospital for Severe acute respiratory syndrome 
due to coronavirus (SARS-CoV) or Middle East respiratory 
syndrome (MERS-CoV; Rogers et  al., 2020) – as also reported 
by WHO (2020) for the actual pandemic. In line with those 
above reported, past epidemics had been related to several 
and long-lasting psychiatric consequences (Kępińska et al., 2020).

Feelings of growing concern had also been aggravated by 
conflicting opinions among experts on pandemics. For most 
countries, an underestimation of the COVID-19 phenomenon 
had been observed, together with the presence of conflicting 
information (such as on the epidemic-pandemic). Using Italy 
as an example, some virologists underestimated COVID-19, 
describing it as a “trivial influence.” Meanwhile, other experts 
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strongly contrasted this information by warning the population 
of the contagion risk and gravity of SARS-CoV-2. In addition, 
during the initial phase after the lockdown (phase 2), some 
experts reported a reduction in COVID-19 virulence, which 
was not supported by scientific or clinical evidence.

In the United  Kingdom and United  States, initially, 
governments avoided placing restrictive measures, such as 
lockdown on the population, claiming that “herd immunity” 
would have been the most natural outcome. At the same time, 
important virologists from the Imperial College London and 
WHO discouraged this path providing precise instructions on 
how to contain the spread of COVID-19 through the same 
restrictive measures previously taken by China and Italy.

Furthermore, negative distressing information presented 
during phase 1 of the pandemic (see Table  1 for a list of 
examples), mainly consisted of: (1) media repeating information 
on the number of infections and exitus, (2) the absence of 
protective aids to fight infection for the public and medical-
healthcare personnel alike, and the absence of vital biomedical 
devices to fight SARS-CoV-2, (3) total lack of scientific evidence 
on the new viral agent and consequent absence of diagnostic 
and prognostic perspectives, (4) stories of patients deprived 
of any contact with loved ones, especially at the time of 
aggravation of the symptoms that led to death, and (5) the 
repeated presentation of images of patients under anaesthesia 
and in intensive care units, and coffins carried on military trucks.

Moreover, misinformation increased confusion and 
uncertainty. For example, the events around the world associated 
with the COVID-19 pandemic fuelled strong states of anxiety 
making people more willing to believe in conspiracies (Grzesiak-
Feldman, 2013). Indeed, Swami et  al. (2016) reported that 
stressed individuals are more likely than others to believe in 
conspiracy theories. Moreover, investigators found that promoting 
anxiety in people also makes them more conspiracy-minded 
(Jolley and Douglas, 2017; Jolley et  al., 2020). When personal 
alienation or anxiety are combined with the feeling of a 
dangerous society, people are more likely to believe in conspiracy 
theories, thus increasing their sense of powerlessness and making 
them feel even worse.

THEORETICAL FRAMEWORK OF 
NOCEBO EFFECTS AND RESPONSES. 
POSSIBLE ASSOCIATION BETWEEN 
PSYCHOLOGICAL DISTRESS AND THE 
ONSET OF THE NOCEBO PHENOMENA

Studies and results characterising nocebo phenomena in 
experimental settings, clinical trials, and in brain imaging 
experiments can provide an interesting theoretical framework 
in the current COVID-19 pandemic. The neuroscience of pain, 
stress, and emotion underlined that the hyperalgesic nocebo 
effect appears to be  attributable to complex biochemical and 
neuroendocrine mechanisms that link anxiety to pain involving 
the activation of the cholecystokininergic system. In particular, 
previous studies suggested that anxiety produced by negative 
expectancy may play a key role in the nocebo effect. In particular, 
using nocebo hyperalgesia as an example, negative verbal 
suggestions – about an impending pain increase – induce 
anticipatory anxiety and an hyperactivity of the hypothalamic-
pituitary-adrenal axis (HPA), leading to the activation of 
cholecystokinin (CCK), anti-opioid peptide, which, in turn, 
facilitate pain transmission (Benedetti et  al., 2006, 2007).

Furthermore, considering how HPA hyperactivity and nocebo 
hyperalgesia can be  antagonised by benzodiazepine diazepam, 
Benedetti et al. (2006) suggested how anxiety could be involved 
in these effects.

In this direction, individuals with pathologies such as anxiety 
and depression, and those with a tendency towards somatization, 
had been found to be  more likely to develop nocebo effects 
and responses (Wells and Kaptchuk, 2012). In particular, anxiety, 
depression, and somatization are considered some of the 
psychological factors involved in nocebo related side effects 
in Randomized Clinical Trials (RCTs; Barsky et  al., 2002). As 
reported by clinicians, anxiety can lead to side effects as its 
somatic symptoms, such as tachycardia, dyspnea, and sweating 
(Ferguson, 1993).

Neuroimaging data showed how the affective-cognitive pain 
circuit was involved, with different modulation, in both the nocebo 
hyperalgesia and the placebo analgesia (Amanzio et  al., 2013; 
Palermo et  al., 2015).

In a functional magnetic resonance imaging study, 
Kong et  al. (2008) analysed the brain regions involved in the 
nocebo response following an expectation of hyperalgesia. Their 
results showed an activation of many areas, such as bilateral 
dorsal anterior cingulate cortex, orbital prefrontal cortex, superior 
parietal lobe, hippocampus, insula, right claustrum/putamen, 
left frontal and parietal operculum, middle and superior temporal 
gyrus, lateral prefrontal gyrus, and medial frontal gyrus.

Neuroimaging data related to pain anticipation highlighted 
how negative expectancies had a substantial effect on 
cortical mechanisms.

In particular, a cognitive, affective, and motivational neural 
reaction, essential for survival, can be  activated by negative 
expectations and psychosocial stimuli. Moreover, negative 
anticipation modulatory neural activations, implicated in salience 
detection, emotion/arousal, autonomic responses, and executive 

TABLE 1 | Examples of negative information.

Information Publication date Source

The pandemic alarm will last a long time May 14th, 2020 WHO
Covid-19: after the lockdown in Korea, 
China and Germany the contagions 
increase

May 12th, 2020 WHO

Over 4 million infections in the world. Three 
out of four in EU countries and the US

May 11th, 2020 John Hopkins 
University

People living longer and healthier lives but 
COVID-19 threatens to throw progress off 
track

May 13th, 2020 WHO

Preparing for a long, hot summer with 
COVID-19

May 11th, 2020 WHO, EU 
Region

US$675 million needed for new coronavirus 
preparedness and response global plan

February 5th, 
2020

WHO

WHO announces COVID-19 outbreak a 
pandemic

March 12th, 2020 WHO
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functioning, may underlie increased levels of mood-changes 
related to fear, anxiety, and hypervigilance (Palermo et al., 2015).

Randomized Clinical Trials are useful in studying the role 
of a patient’s psychosocial environment and the context in 
which therapies are administered on subsequent negative 
outcomes. The evaluation of adverse events (AEs) in the placebo 
group, matched with a specific psychotropic drug, provides 
an important perspective for understanding this phenomenon 
(Amanzio, 2015). Psychiatric patients, above all with mood 
and psychotic symptoms, represent an interesting population 
in order to study the nocebo effect. Indeed, AEs affect adherence 
and dropout rates among patients with psychiatric disorders 
in RCTs (Wahlbeck et  al., 2001). Thus, AEs can be  useful for 
an accurate description of patients with psychiatric diseases, 
who expect more negative clinical outcomes.

Moreover, the level of psychopathology, such as the severity 
of positive symptoms and signs of anxiety and depression, 
widely affected their perceptions and attribution of bodily 
sensations to medications (Hwang et al., 2010). Indeed, a higher 
level of psychiatric symptomatology makes patients more prone 
to express AEs manifested as nocebo-like effects (Palermo et al., 
2019; Amanzio and Palermo, 2020). In addition, studying 
patients with pain conditions and neurodegenerative diseases 
would also be important, considering their clinical implications. 
In fact, as reported by a systematic review on nocebo effects 
in clinical trials by Amanzio et al. (2016b), neurological patients 
have a high probability of a negative outcome.

The reported findings may help to better understand the 
COVID-19-related distress due to excessive feelings and negative 
outcomes. In particular, understanding nocebo responses is 
important because they are substantial across disorders and 
may be  associated with objective pathology and survival. 
Moreover, research on nocebo responses provides a way to 
investigate how the brain systems implicated in the processing 
of contextual information (such as threats) influence 
psychophysiology and clinically relevant outcomes, such as in 
the case of COVID-19. In addition, understanding how negative 
context and anticipatory negative expectancies influence outcomes 
in placebo groups of RCTs, in terms of AEs and dropout, 
will be essential to understand how people are now experiencing 
COVID-19-related symptomatology.

The negative information and harbingers of distress can 
be  associated with the neuro-psychophysiological correlates 
observed in the nocebo effect and response through its cerebral 
underpinnings (the flipside of a positive outcome due to a 
placebo). Nocebo responses are associated with activity changes 
in brain areas, such as the amygdala, that are also involved 
in mood regulation (Freeman et  al., 2015), and thus may 
worsen the stress/anxiety response to COVID-19.

In the presence of negative suggestions and nocebo effects 
associated with the SARS-CoV2 infection, the outcome of the 
disease can become more unfavourable, as reported for other 
diseases (Barsky, 2017). These more negative prognoses should 
be  taken into greater consideration, especially in the elderly, 
with physical frailty and possible cognitive impairments, because 
they are at greater risk of SARS-CoV-2 infection and 
poorer prognosis.

The social distancing measures introduced to control the 
spread of COVID-19, while arguably required, also may 
exacerbates nocebo effects. A large body of evidence summarised 
by Howick et al. (2019) establishes that social isolation reduces 
mental health and increases mortality.

POSSIBLE WAYS TO DECREASE 
NEGATIVE EXPECTATIONS, STRESS 
AND ANXIETY RELATED TO COVID-19

It is crucial to understand and minimise psychological distress 
during and after the pandemic by reducing negative expectations 
and anxiety about the risk of contagion. To do that, individuals 
should be  informed on how interpret and manage situational 
and individual factors predisposing them to develop negative 
effects and symptoms to a greater extent. Moreover, encouraging 
a healthy lifestyle in order to strengthen the immune system 
and combat psychological and physical distress should 
be  suggested.

In particular, regarding the individual factors that can 
predispose individuals to psychological distress, and the onset 
of the nocebo phenomena, two aspects should be  highlighted: 
(1) the importance of maintaining the functional aspects of 
anxiety, as healthy and natural response to stressful circumstances, 
as useful to comply with the rules of conduct to reduce the 
risk of SARS-COV2 infection and (2) in contrast, high levels 
of anxiety about the risk of contagion, which can lead to a 
stress reaction causing PTTS, should be contrasted, for instance, 
by avoiding update on alarming news.

With regard to situational-contextual factors, in which possible 
nocebo effects may be  flourishing, it should be  highlighted 
how: (1) it may be  helpful for individuals to translate negative 
messages and communication flows into neutral or positive 
information, (2) also focusing on positive information in order 
to decrease negative expectations, stress, and anxiety related 
to COVID-19 should be  emphasised, (3) positive expectations 
should be  supported by how new treatments and vaccine 
developments are making progress (see Table 2 as an example), 
and (4) the creation of a better balance of negative and positive 
information, focusing more on prevention, diagnostic, and 
prognostic perspectives (Vaughan and Tinker, 2009) should 
be  encouraged. The authorised (evidence-based) information 
source will significantly reduce the spread and influence of 
fake or conflicting news (Tumpey et  al., 2018).

Minimising nocebo effects might be  an ethical requirement 
(Howick, 2020). Sharing of multiple sources of information, 
such as those regarding the COVID-19 pandemic, is necessary 
to stop the spread of disease. However, even if availability of 
information is the real defence against conflicting sources of 
information, they are, to some degree, unavoidable. In fact, 
the extent of this kind of information cannot be  fully known 
yet, due to the uncertainty surrounding COVID-19. Some 
conflicting sources of information are created to spread anger 
and confusion, and some arise from haste and error. The former 
represent the most insidious form of COVID-19 information.
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CONCLUSIONS AND LIMITATIONS OF 
THE REVIEW

The most important limitation of this perspective review is 
the lack of empirical data on the association between the 
nocebo effect and COVID-19. However, the framework provided 
here may be  an explorative and useful perspective to describe 
a phenomenon that is still new and unexplored nowadays.

During COVID-19, a possible nocebo response may 
be induced on a large scale due to negative information received 
from the media. These effects can be  amplified by the 
environment, in particular by social isolation. Understanding 
how the nocebo effect can occur and minimise is a significant 
challenge, and may also be  required ethically.

To do this, we  should balance negative news with optimistic 
information, including how to prevent COVID-19, progresses 

in treatment, vaccines, and prevention, so that the vast majority 
of infected individuals will experience only minor symptoms. 
Although the COVID-19 era is an unavoidable breeding ground 
for the possible nocebo effect, stress management, exercise, and 
social contact – even remotely – can be promoted to mitigate them.
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Background: Research has demonstrated that personality characteristics, such
as optimism are associated with placebo/nocebo responding. The present study
investigated whether written information about the optimism of a placebo/nocebo
provider can influence the occurrence of reported placebo/nocebo side effects.

Method: We analyzed data from 201 females (mean age = 26 years) who participated
in a “clinical study on a new massage oil with stone clover extract.” The oil (sunflower oil)
was introduced as either eliciting a negative side effect (unpleasant itching; “nocebo oil”)
or a positive side effect (pleasant tingling; “placebo oil”). The administration of the
oil was combined with written information about the maker of the product. The oil
maker was either portrayed as a very optimistic person or no personal information was
provided (only the company name). The participants had no personal contact with the
experimenter and received all materials and instructions per post.

Results: The participants reported more frequent and intense itching when they
received a nocebo suggestion compared to a placebo suggestion. Positive tingling
sensations were reported more frequently than itching but did not differ between
the placebo/nocebo conditions. Information about the optimism of the oil maker was
associated with a lower frequency of reported side effects (adverse and beneficial).

Conclusion: This study demonstrated that it is sufficient to provide participants
with written information about an inert substance to elicit the suggested side
effect. Information about the provider’s optimistic personality did not specifically
influence reported side effects. Future studies should focus on how to adapt written
information about a drug/product to minimize adverse side effects and to maximize
positive side effects.

Keywords: placebo/nocebo side effects, personality, optimism, provider, recipient

INTRODUCTION

Placebos and nocebos are substances or interventions with no specific effect on the symptom
being treated. While placebos improve a person’s condition (e.g., reduction of negative symptoms),
nocebo treatment is associated with the occurrence of negative symptoms, the worsening of a
condition, or the prevention of improvement (Moerman and Jonas, 2002; Häuser et al., 2012).
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This definition has been specified by Faasse et al. (2019)
who differentiate between primary placebo/nocebo effects and
placebo/nocebo side effects. For example, when using a primary
nocebo the potential adverse outcome is framed as the focal effect
of the inert treatment, whereas a nocebo side effect refers to
an adverse outcome that is ancillary to the typically beneficial
outcome of the inert treatment.

The effects of placebos and nocebos have been conceptualized
as “context effects” (Miller and Kaptchuk, 2008; Wager and Atlas,
2015). Important aspects of the context around placebo/nocebo
treatment are social factors. The treatment is usually carried
out as part of social interactions between healthcare providers
and patients/clients. These interactions are shaped by the
characteristics of both the providers and the recipients (e.g., for
a review see Jakšić et al., 2013).

For example, personality factors such as optimism of the
placebo recipients can influence their reactions to the inert
treatment (e.g., Geers et al., 2005, 2010; Morton et al.,
2009; Zhou et al., 2019; Kern et al., 2020). Trait optimism
is an individual difference variable that reflects the extent
to which individuals hold generalized favorable expectancies
for their future. Higher levels of optimism are correlated
prospectively with better subjective well-being in times of
adversity or difficulty (i.e., controlling for previous well-being;
Carver et al., 2010). A review by Kern et al. (2020) indicated
that optimistic people show increased placebo responsivity.
In a placebo study by Zhou et al. (2019), the reduction of
pain unpleasantness was modulated by the interaction between
expectancy and dispositional optimism. The latter finding
illustrates that placebo/nocebo responding depends on both
personality and situational factors. In line with this idea,
studies found that pessimists were more likely than optimists to
follow a nocebo expectation, whereas optimists showed greater
benefit from the placebo condition (e.g., Geers et al., 2005;
Hyland et al., 2007).

Additionally, optimism and confidence of the placebo
provider can influence the placebo response (e.g., Kaptchuk et al.,
2008; Howe et al., 2017; Daniali and Flaten, 2019; Gaab et al.,
2019). Shapiro (1969) introduced the term “iatroplacebogenics”
to describe placebo effects produced by health care professionals
in the context of medical and psychotherapeutic treatment. These
effects include the attitude to the patient and the attitude to
the treatment (Feldman, 1956; Uhlenhuth et al., 1966; Shapiro,
1969; Gracely et al., 1985). Similarly, Brody (1997) has suggested
that physicians can be “walking placebos” to stimulate positive
changes in their patients through their attitudes and personality.
In line with this idea, an early study by Uhlenhuth et al. (1966)
demonstrated that patients who received an anxiolytic drug
showed greater improvement when their doctors expressed a
positive, enthusiastic attitude toward the medication compared
to an uncertain, experimental attitude. In a more recent
study, Kaptchuk et al. (2008) examined the effects of placebo
acupuncture on irritable bowel syndrome. They found that
the moderate effects of the placebo could almost be doubled
when provided by a friendly and empathetic practitioner.
Placebos that were administered during psychological treatment
(“a video with green dots that activates positive emotional

schemata”) improved the mood of the participants, but only
when provided by a trustworthy and optimistic experimenter
(Gaab et al., 2019).

In the mentioned studies, the placebos were provided in
a supportive atmosphere. The placebo providers attempted to
create a positive relationship with the placebo recipients and
expressed their optimistic attitude concerning treatment success.
These types of social interactions are time-consuming and often
cannot be realized in the healthcare system.

Therefore, the present study aimed to investigate whether
it is sufficient to provide written information about the
optimistic personality of the placebo provider to influence the
placebo/nocebo response. The placebo recipients had no personal
contact with the experimenter. All materials and instructions
were sent by post. The participants of the present study were
invited to a “clinical study that tested a massage oil with stone
clover extract.” The massage oil (sunflower oil) was either
introduced as a substance with a negative side effect (unpleasant
itching; “nocebo oil”) or a substance with a positive side effect
(pleasant tingling sensation; “placebo oil”). The administration of
the oil was combined with written information about who made
the oil. The oil maker was either portrayed as a very optimistic
person, or no personal information (only the company name)
was mentioned. It was hypothesized that information about an
optimistic oil maker would enhance positive skin sensations in
the placebo condition, and reduce negative skin sensations in the
nocebo condition.

MATERIALS AND METHODS

Participants
A total of 245 females participated in this study. Inclusion
criteria for the study were age over 18 years and female sex.
We only tested females because of reported sex differences
in placebo/nocebo responsivity (e.g., Vambheim and Flaten,
2017). Exclusion criteria included reported diagnoses of mental
disorders and somatic diseases that might affect the responses
to the oil (e.g., skin conditions). This led to the exclusion
of five participants because of reported acne, neurodermatitis,
and allergies. Furthermore, participants who did not complete
the survey (n = 39) were excluded. Thus, data from n = 201
females (mean age = 26.16 years, SD = 7.83) were analyzed. The
majority were university students (78%); the other participants
were white-collar workers.

The study was approved by the Ethics Committee of the
University (GZ. 39/75/63 ex 2019/20) and was performed
following the Declaration of Helsinki. At the end of the study,
all participants were fully debriefed.

Procedure
The participants were invited to the study via announcements
at the university and on social media. It was stated that a
company that produced herbal products wanted to test their new
massage oil. After obtaining written consent, the participants
were asked to fill out two questionnaires via an online survey tool
(LimeSurvey GmbH, Hamburg, Germany):
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a) The short version of the Brief Symptom Inventory (BSI)
(Spitzer et al., 2011) screens for mental problems. The BSI
has 18 items (α = 0.87) and three subscales: Depression
(six items; e.g., loss of interest, hopelessness; Cronbach’s
α = 0.81), Anxiety (six items; e.g., nervousness, tension;
α = 0.80), and Somatization (six items; e.g., dizziness,
weakness; α = 0.73). The presence of symptoms is
rated on five-point Likert scales ranging from 0 (not
at all) to 4 (very strong). In the present sample, the
t-scores for the BSI scores were all in the normal range
(Depression: t-score = 0.57; Anxiety: t-score = 0.59;
Somatization: t-score = 0.56; for mean scores see
Supplementary Table 1).

b) The optimism/pessimism scale (Kemper et al., 2012) has
two items: “Optimists are people who look to the future
with confidence and usually expect good things. Please
assess yourself: How optimistic are you in general?”;
“Pessimists are people who are doubtful about the future
and usually expect bad things. Please rate yourself: How
pessimistic are you in general?” (Rating scale: 1 = not
at all to 7 = very). In the total sample, the habitual
optimism (M = 4.88, SD = 1.10) and pessimism (M = 2.90,
SD = 1.18) did not differ from the mean scores reported by
Kemper et al. (2012): optimism: t(1333) =−0.18, p = 0.857,
pessimism: t(1333) = 0.95, p = 0.340). Ratings for optimism
and pessimism were negatively correlated (r = −0.63,
p < 0.001).

All participants who completed the online survey (which
additionally asked for demographic information and diagnoses
of somatic illness), received a package in the mail. This
package contained a small glass bottle with sunflower oil
and an information sheet. The bottle had a green label
“Melilotus officinalis” and a dropper for application. The
participants were instructed to apply 0.5 ml of the oil onto
their left forearm (in an area with a diameter of 6 cm)
and glide their digit finger softly over the area for 30 s.
It was stated that the oil works quite quickly (“it takes
30 s to take effect”). The information sheet also included a
suggestion about a specific side effect of the oil and information
about the oil maker.

The suggested side effect was either pleasant (placebo side
effect) or unpleasant (nocebo side effect). The suggestions were
as follows:

a) Nocebo side effect: “This natural oil for your skin is
extracted from the stone clover plant (M. officinalis). It
has been developed for relaxation massages and promotes
blood circulation. When applied, some users have noticed
an unpleasant skin sensation: itching.”

b) Placebo side effect: “This natural oil for your skin is
extracted from the stone clover plant (M. officinalis). It
has been developed for relaxation massages and promotes
blood circulation. When applied, some users have noticed
a pleasant skin sensation: tingling.”

The placebo/nocebo suggestion was combined with one of two
brief descriptions of the maker of the skin oil.

a) Optimistic maker: It was stated that the oil was made by
Dr. Emilia Antonsini, a very dedicated physician and very
optimistic person, who worked for a company producing
natural medicine.

b) Company: In the control condition, only the company
name was provided.

Design
The study had an independent measures design with two
variables: (1) Information about the oil MAKER (optimistic
maker vs. company) and (2) SUGGESTION of side effect
(placebo vs. nocebo). The participants were randomly allocated
to one of four groups (PO: Placebo/optimistic maker, PC:
Placebo/company, NO: Nocebo/optimistic maker, NC:
Nocebo/company). The participants of the four groups did
not differ in mean age, reported habitual optimism/pessimism,
and BSI scores (all p > 0.28; see Supplementary Table 1).

Dependent variables were perceived valence, intensity, and
frequency of the skin sensations itching and tingling (the
suggested side effects). Valence and intensity were rated on nine-
point scales (intensity: 1 = no sensation; 9 = very intense, valence:
1 = very unpleasant; 9 = very pleasant). For the study design
see Figure 1.

The redness of the treated skin area was assessed as a control
variable (as an indicator of the intensity of rubbing; 1 = no
redness; 9 = intense redness). The intensity of observed redness
was M = 1.13 (SD = 0.48) and did not differ between the
experimental groups (F(3, 197) = 1.48, p = 0.221). All ratings were
recorded via the online tool.

A pilot study (n = 50, M = 25.2 years, SD = 7.2) had indicated
that the oil applied to the skin did neither elicit itching nor
tingling sensations when the participants were correctly informed
about the sunflower oil.

Statistical Analysis
We computed 2 × 2 multivariate analyses of variance
(MANOVAs) to test the effects of the between-subjects factors
information about the oil MAKER (optimistic maker vs.
company) and SUGGESTION (placebo vs. nocebo) on intensity
and valence ratings for itching and tingling. Pillai’s trace (V)
is reported as test statistic. Significant effects were followed
up with ANOVAs. Effect sizes are expressed by part.η2

(partial eta squared).
To compare the frequency of reported itching/tingling

(reported intensity > 1) between the four groups and different
group combinations, we computed Chi2 tests. By combining
the groups PO + PC and NO + NC, the effect of
SUGGESTION (placebo vs. nocebo) can be tested; by combining
the groups PO + NO and PC + NC, the effect of MAKER
(optimistic maker vs. company) can be tested. Effect sizes are
expressed by Cramer’s V.

To control for the possible influence of habitual
optimism/pessimism of the participants on perceived intensity
and valence of itching/tingling, we added these two factors
separately as a covariate to a MANCOVA.

The conducted power analysis with G∗Power 3.1.9.2 (Faul
et al., 2007) indicated that a minimum sample size of 102 would
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FIGURE 1 | Study design.

be needed to detect a medium effect size of V = 0.06 with
a probability of 1–β = 0.80, α = 0.05 in the MANOVA for
the between-subject factors SUGGESTION and MAKER on the
dependent variables.

RESULTS

Intensity of Itching/Tingling
The MANOVA revealed a significant main effect of
SUGGESTION on the intensity of reported itching and tingling
(V = 0.052, F(2, 196) = 5.40, p = 0.005, part.η2 = 0.052). The
main effect of MAKER (V = 0.017, F(2, 196) = 1.69, p = 0.186,
part.η2 = 0.017) and the interaction MAKER × SUGGESTION
(V = 0.009, F(2, 196) = 0.86, p = 0.424, part.η2 = 0.009) were
not significant. Follow-up ANOVAs showed that the Nocebo
groups experienced more intense itching compared to the
Placebo groups (F(1, 197) = 6.81, p = 0.010, part.η2 = 0.033). The
reported intensity of tingling did not differ between the groups
(F(1, 197) = 0.731, p = 0.394, part.η2 = 0.004).

Valence of Itching/Tingling
The MANOVA revealed no significant main effects or interaction
effects on the valence of itching and tingling (SUGGESTION:
V = 0.017, F(2, 195) = 1.72, p = 0.181, part.η2 = 0.017;
MAKER: V = 0.012, F(2, 195) = 1.19, p = 0.306, part.η2 = 0.012,
SUGGESTION×MAKER: V = 0.008, F(2, 195) = 0.75, p = 0.475,
part.η2 = 0.008; see Table 1).

Frequency of Itching/Tingling
Itching
Itching was reported more often when the Nocebo side effect
was suggested (NC + NO; M = 21%) compared to the Placebo
side effect (PC + PO; M = 9%; Chi2(1) = 6.37; p = 0.012;
V = 0.18). The information about the oil maker (optimistic
maker: PO + NO: M = 13% vs. company: PC + NC: M = 17%;
Chi2(1) = 0.58; p = 0.446; V = 0.05) did not influence itching.
The comparison of the four groups (PC, PO, NC, NO) did not
detect significant effects (Chi2(3) = 7.28; p = 0.063, V = 0.19;
see Figure 2).

Tingling
The percentage of participants who reported tingling sensations
did neither differ between the four groups (PC, PO, NC, NO;
Chi2(3) = 5.37; p = 0.147; V = 0.16) nor any other group
combination (all p > 0.05).

Combined Itching and Tingling
The percentage of participants who reported itching
and/or tingling (combined placebo/nocebo side effects) did
neither differ between the four groups (PC, PO, NC, NO;
Chi2(3) = 4.54; p = 0.208; V = 0.15) nor between groups with
Nocebo suggestions vs. Placebo suggestions of side effects
(PC + PO: M = 49%; NC + NO: M = 46%; Chi2(1) = 0.14;
p = 0.709; V = 0.03). However, INFORMATION about the
oil maker influenced the combined side effects, which were
less frequent when the maker was portrayed as optimistic
(PO + NO: M = 40%) compared to the company information
(PC + NC: M = 55%; Chi2(1) = 4.21; p = 0.040; V = 0.15,
see Figure 2).

Influence of Habitual
Optimism/Pessimism of the Participants
The results of the MANCOVA are displayed in the
Supplementary Table 2. Effects for optimism/pessimism
were not statistically significant (all p > 0.324). The inclusion of
the covariates did not change the results of the MANOVA (e.g.,
significant SUGGESTION effect on intensity of itching).

DISCUSSION

There is consensus that minimizing nocebo effects and
maximizing placebo effects should lead to better treatment
outcomes in clinical practice (Evers et al., 2018). Therefore, easy-
to-implement interventions that achieve this goal are highly
desirable. In the present investigation, we used a “minimal”
nocebo/placebo approach with no personal contact between the
provider and recipient of the inert treatment. The participants
received written information about a skin oil that was introduced
as either inducing “unpleasant itching” or “a pleasant tingling
sensation” as a side effect. This information was combined
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TABLE 1 | Means (M) and standard deviations (SD) of reported intensity and
valence for the skin sensations (itching, tingling).

Side Effect
SUGGESTION

Information about
MAKER

M SD

Intensity Itching Placebo (P) Optimistic (O) 1.07 0.33

Company (C) 1.16 0.47

Total Placebo (PO + PC) 1.12 0.40

Nocebo (N) Optimistic (O) 1.48 1.24

Company (C) 1.31 0.67

Total Nocebo (NO + NC) 1.39 0.98

Total (P + N) Optimistic (O) 1.26 0.89

Company (C) 1.24 0.59

Total
(PO + PC + NO + NC)

1.25 0.75

Tingling Placebo (P) Optimistic (O) 1.80 1.28

Company (C) 2.33 1.84

Total Placebo (PO + PC) 2.05 1.59

Nocebo (N) Optimistic (O) 1.80 1.73

Company (C) 1.94 1.35

Total Nocebo (NO + NC) 1.88 1.53

Total (P + N) Optimistic (O) 1.80 1.50

Company (C) 2.13 1.61

Total
(PO + PC + NO + NC)

1.97 1.56

Valence Itching Placebo (P) Optimistic (O) 5.28 1.66

Company (C) 5.27 1.56

Total Placebo (PO + PC) 5.27 1.61

Nocebo (N) Optimistic (O) 5.09 1.56

Company (C) 5.00 1.30

Total Nocebo (NO + NC) 5.04 1.42

Total (P + N) Optimistic (O) 5.19 1.61

Company (C) 5.13 1.43

Total
(PO + PC + NO + NC)

5.16 1.52

Tingling Placebo (P) Optimistic (O) 5.43 1.62

Company (C) 5.84 1.57

Total Placebo (PO + PC) 5.62 1.60

Nocebo (N) Optimistic (O) 5.24 1.49

Company (C) 5.23 1.37

Total Nocebo (NO + NC) 5.24 1.42

Total (P + N) Optimistic (O) 5.34 1.56

Company (C) 5.52 1.49

Total
(PO + PC + NO + NC)

5.43 1.53

with the written suggestion that a very optimistic person
had made the oil or the participants received no personality-
relevant information.

The chosen approach is similar to providing patients
with written medication information (e.g., package inserts of
prescription drugs). This type of information typically includes
how the medication should be taken (dosage), desired effects, and
possible side effects of the drug. It has been shown that written
medication information provides a useful addition to counseling
by healthcare professionals (Buck, 1998) and helps the patients to
take the medication safely and appropriately.

The present study demonstrated that written information
about the unpleasant side effect provided along with the oil was
sufficient to elicit itching in one-fifth of the participants. When a
nocebo suggestion was given, 21% of the participants reported
itching. According to the European commission nomenclature
for communicating the frequency of adverse effects of drugs
(see Büchter et al., 2014), a probability of 1/10 is already
considered a “very common” side effect. However, this adverse
effect had a low average intensity. It has to be noted that
placebo/nocebo studies on itching have revealed inconsistent
results (for a review see Bartels et al., 2015). For example,
Bartels et al. (2014) elicited itch electrically and found that
neither conditioning nor verbal suggestion procedures applied
individually induced significant placebo or nocebo effects.
However, the combination of both methods was effective. In
other studies of this research group, nocebo effects on itching
were observed (Van Laarhoven et al., 2011) and could be
minimized and even reversed by conditioning with verbal
suggestions (Meeuwis et al., 2019).

In contrast to rather small nocebo effects on itching, the
overall magnitude of the nocebo effect in studies on pain
(reported increase in pain intensity) has been moderate to
large (see meta-analysis by Petersen et al., 2014). These studies
typically use noxious stimulation, whereas in the present study
the stimulus (sunflower oil) was completely free of negative
effects. Therefore, it is remarkable that weak itching symptoms
occurred with substantial frequency. A somewhat similar effect
has been reported by Colloca et al. (2008) who showed that
non-painful tactile stimulation could be turned into a pain
sensation via verbal nocebo suggestions in healthy participants.
Moreover, Faasse et al. (2019) concluded in their overview article
that nocebo side effects are weaker compared to the effects of
primary nocebos.

The frequency of reported pleasant tingling sensations
(42%) was considerably higher in the tested participants than
itching (21%). This response can be expected because the
sunflower oil had been introduced as a massage oil, which
has a positive (placebo) connotation. Furthermore, in their
review on the neuropsychophysiology of tingling, Tihanyi
et al. (2018) have argued, that higher cognitive processes,
such as attention and expectations play an important role in
the generation of pleasant tingling sensations. For example,
suggestion-induced tingling has been used in hypnotherapy
to manage pain. Additionally, focused attention on a body
part can give rise to spontaneous tingling (Tihanyi et al.,
2018). It is perhaps of these focused attention effects
that tingling was so frequently reported in the present
investigation but did not differ between the nocebo and
placebo conditions.

We were not able to demonstrate that information about the
optimism of the placebo/nocebo maker specifically influenced
the nocebo/placebo response of the participants. However,
the general tendency to report side effects (both adverse and
beneficial secondary effects) was lower in the conditions
with personality-relevant information compared to the
conditions where only the company name was mentioned.
The participants were perhaps more reluctant to report
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FIGURE 2 | Percentage of participants who reported itching/tingling (intensity > 1) in the four conditions. PC, Placebo/company; PO, placebo/optimistic maker; NC,
nocebo/company; NO, nocebo/optimistic maker; combined side effects (percentage of participants who reported itching and/or tingling). ∗significant difference
(p < 0.05).

side effects to a “real” person (“Emilia Antonsini”) than to
an “abstract” company. Whether this effect is associated
with the described personality of the provider cannot be
decided based on the design of the present study. Additional
conditions, such as the description of a pessimistic provider
would be required.

As to the best of our knowledge, systematic personality
assessments of successful placebo/nocebo providers have not
been conducted so far. The majority of studies focused on
state optimism of the providers, who created positive outcome
expectations through their behavior (e.g., Kaptchuk et al., 2008;
Gaab et al., 2019). Thus, these studies relied on the personal
interaction of the placebo/nocebo provider with the recipient.

However, research on consumer behavior has demonstrated
that “product beliefs” can influence product perception and
liking. It is a common marketing strategy to associate a certain
product/brand with a specific person (or personality). This
information is usually transmitted through advertisements or
labels and not via direct communication. For example, in a
study by Robinson and Higgs (2012) participants reported
reduced liking of orange juice when they believed that their in-
group did not like the juice. Tinnermann et al. (2017) found
that labeling an inert cream as an expensive medication led
to stronger nocebo hyperalgesia than the label “inexpensive
medication.” Thus, written information about the high price of
the cream increased the risk of developing nocebo-related side
effects. Crum et al. (2011) observed that identical milkshakes
either labeled as high-calorie or low-calorie drinks received
different ratings for perceived healthiness and elicited different
hormonal (ghrelin) responses. However, this study did not find

any significant label effects concerning subjective hunger after
consumption or the tastiness of the milkshake. Thus, written
product information (integrating social information) can be
sufficient to change product evaluation (see Robinson and Higgs,
2012) but there are also boundary conditions (see Crum et al.,
2011). Future studies on successful “placebo marketing” are
therefore necessary.

In the present study, the reported dispositional optimism of
the participants was not related to the intensity and valence
of reported side effects. This is not in line with previous
research (e.g., Geers et al., 2005, 2010; Hyland et al., 2007). In
these studies, habitual pessimism was associated with increased
nocebo responding, whereas optimists showed greater benefits
from placebos. As mentioned before, optimism is a trait, which
becomes particularly relevant in times of difficulties (Carver et al.,
2010). The induced skin sensations in the present study however
were evaluated as affectively neutral, on average.

As with any study, some limitations need to be acknowledged.
We investigated healthy females. Therefore, the results cannot
be generalized to other groups. The testing was conducted at
home and not in a controlled lab environment. However, the
participants were highly motivated to test the oil as reflected by
a low dropout rate; 84% of the participants who received the oil
by post completed the rating and often gave additional comments
on the product (e.g., “is a little bit slimy,” “is not absorbed
fast enough,” “where can I buy this product?,” “wonderful soft
skin”). Generally, the intensity ratings for the skin sensations
were low. In future studies, substances could be used that elicit
the suggested effect of itching (see Bartels et al., 2015). Moreover,
the description of the oil maker could be improved. The maker
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was generally characterized as a very optimistic person at the trait
level but not concerning her attitude toward the side effect profile
(the dependent variable of this study). Therefore, specification
of the optimistic attitude (e.g., expressing confidence that the
positive effects of the massage oil and not the negative side
effects will dominate, or stressing that itching can be seen as a
reminder of the massage oil having been absorbed) might be able
to enhance the “optimism effect.”

CONCLUSION

In conclusion, drug/product information on labels and package
inserts are major sources of knowledge for patients/consumers.
We demonstrated that written information about the side effect
“itching” was sufficient to induce the suggested symptom in
a substantial number of users. In contrast, a brief description
of an optimistic nocebo/placebo provider and the optimism of
the nocebo/placebo recipient did not specifically influence the
placebo/nocebo response.
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relevant role in the placebo effect? Psychiatr. Danub. 25, 0–23.

Frontiers in Psychology | www.frontiersin.org 7 January 2021 | Volume 11 | Article 60859542

https://www.frontiersin.org/articles/10.3389/fpsyg.2020.608595/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.608595/full#supplementary-material
https://doi.org/10.1371/journal.pone.0091727
https://doi.org/10.1002/ejp.750
https://doi.org/10.1186/1472-6947-14-76
https://doi.org/10.1186/1472-6947-14-76
https://doi.org/10.1345/aph.17455
https://doi.org/10.1016/j.cpr.2010.01.006
https://doi.org/10.1016/j.pain.2008.02.006
https://doi.org/10.1037/a0023467
https://doi.org/10.3389/fpsyt.2019.00242
https://doi.org/10.3389/fpsyt.2019.00242
https://doi.org/10.1159/000490354
https://doi.org/10.1159/000490354
https://doi.org/10.3389/fpsyt.2019.00396
https://doi.org/10.3758/bf03193146
https://doi.org/10.1176/ajp.113.1.52
https://doi.org/10.1016/j.jpsychores.2004.08.011
https://doi.org/10.1016/j.jpain.2010.02.014
https://doi.org/10.1016/j.jpain.2010.02.014
https://doi.org/10.1016/s0140-6736(85)90984-5
https://doi.org/10.1016/s0140-6736(85)90984-5
https://doi.org/10.1037/hea0000499
https://doi.org/10.1016/j.jpsychores.2006.10.006
https://doi.org/10.1016/j.jpsychores.2006.10.006
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-608595 January 12, 2021 Time: 12:1 # 8

Schlintl and Schienle Optimism and Nocebo/Placebo Side Effects

Kaptchuk, T. J., Kelley, J. M., Conboy, L. A., Davis, R. B., Kerr, C. E.,
Jacobson, E. E., et al. (2008). Components of placebo effect: randomised
controlled trial in patients with irritable bowel syndrome. BMJ 336,
999–1003.

Kemper, C. J., Beierlein, C., Kovaleva, A., and Rammstedt, B. (2012). SOP 2-Skala
Optimismus-Pessimismus 2. Mannheim: Leibniz-Zentrum für Psychologische
Information und Dokumentation (ZPID), doi: 10.23668/psycharchives

Kern, A., Kramm, C., Witt, C. M., and Barth, J. (2020). The influence of personality
traits on the placebo/nocebo response: a systematic review. J. Psychosom. Res.
128:109866. doi: 10.1016/j.jpsychores.2019.109866

Meeuwis, S. H., van Middendorp, H., van Laarhoven, A. I. M., Veldhuijzen, D. S.,
Lavrijsen, A. P. M., and Evers, A. W. M. (2019). Effects of open- and closed-label
nocebo and placebo suggestions on itch and itch expectations. Front. Psychiatry
10:436. doi: 10.3389/fpsyt.2019.00436

Miller, F. G., and Kaptchuk, T. (2008). The power of context: reconceptualizing the
placebo effect. J. R. Soc. Med. 101, 222–225. doi: 10.1258/jrsm.2008.070466

Moerman, D. E., and Jonas, W. B. (2002). Deconstructing the placebo effect and
finding the meaning response. Ann. Intern. Med. 136, 471–476. doi: 10.7326/
0003-4819-136-6-200203190-00011

Morton, D. L., Watson, A., El-Deredy, W., and Jones, A. K. (2009). Reproducibility
of placebo analgesia: effect of dispositional optimism. Pain 146, 194–198. doi:
10.1016/j.pain.2009.07.026

Petersen, G. L., Finnerup, N. B., Colloca, L., Amanzio, M., Price, D. D., Jensen, T. S.,
et al. (2014). The magnitude of nocebo effects in pain: a meta-analysis. Pain 155,
1426–1434. doi: 10.1016/j.pain.2014.04.016

Robinson, E., and Higgs, S. (2012). Liking food less: the impact of social influence
on food liking evaluations in female students. PLoS One 7:e48858. doi: 10.1371/
journal.pone.0048858

Shapiro, A. K. (1969). Iatroplacebogenics. Int. Pharmacopsychiatry 2, 215–248.
doi: 10.1159/000468855

Spitzer, C., Hammer, S., Löwe, B., Grabe, H. J., Barnow, S., Rose, M., et al.
(2011). The short version of the brief symptom inventory (BSI-18): preliminary
psychometric properties of the German translation. Fortschr. Neurol. Psychiatr.
79, 517–523.

Tihanyi, B. T., Ferentzi, E., Beissner, F., and Köteles, F. (2018). The
neuropsychophysiology of tingling. Conscious. Cogn. 58, 97–110. doi: 10.1016/
j.concog.2017.10.015

Tinnermann, A., Geuter, S., Sprenger, C., Finsterbusch, J., and Büchel, C. (2017).
Interactions between brain and spinal cord mediate value effects in nocebo
hyperalgesia. Science 358, 105–108. doi: 10.1126/science.aan1221

Uhlenhuth, E. H., Rickels, K., Fisher, S., Park, L. C., Lipman, R. S., and Mock,
J. (1966). Drug, doctor’s verbal attitude and clinic setting in the symptomatic
response to pharmacotherapy. Psychopharmacologia 9, 392–418. doi: 10.1007/
bf00406450

Vambheim, S. M., and Flaten, M. A. (2017). A systematic review of sex differences
in the placebo and the nocebo effect. J. Pain Res. 10, 1831–1839. doi: 10.2147/
JPR.S134745

Van Laarhoven, A. I., Vogelaar, M. L., Wilder-Smith, O. H., van Riel, P. L., van
de Kerkhof, P. C., and Evers, A. W. M. (2011). Induction of nocebo and
placebo effects on itch and pain by verbal suggestions. Pain 152, 1486–1494.
doi: 10.1016/j.pain.2011.01.043

Wager, T. D., and Atlas, L. Y. (2015). The neuroscience of placebo effects:
connecting context, learning, and health. Nat. Rev. Neurosci. 16, 403–418. doi:
10.1038/nrn3976

Zhou, L., Wei, H., Zhang, H., Li, X., Bo, C., Wan, L., et al. (2019). The influence of
expectancy level and personal characteristics on placebo effects: psychological
underpinnings. Front. Psychiatry 10:20. doi: 10.3389/fpsyt.2019.00020

Conflict of Interest: 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 © 2021 Schlintl and Schienle. 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 Psychology | www.frontiersin.org 8 January 2021 | Volume 11 | Article 60859543

https://doi.org/10.23668/psycharchives
https://doi.org/10.1016/j.jpsychores.2019.109866
https://doi.org/10.3389/fpsyt.2019.00436
https://doi.org/10.1258/jrsm.2008.070466
https://doi.org/10.7326/0003-4819-136-6-200203190-00011
https://doi.org/10.7326/0003-4819-136-6-200203190-00011
https://doi.org/10.1016/j.pain.2009.07.026
https://doi.org/10.1016/j.pain.2009.07.026
https://doi.org/10.1016/j.pain.2014.04.016
https://doi.org/10.1371/journal.pone.0048858
https://doi.org/10.1371/journal.pone.0048858
https://doi.org/10.1159/000468855
https://doi.org/10.1016/j.concog.2017.10.015
https://doi.org/10.1016/j.concog.2017.10.015
https://doi.org/10.1126/science.aan1221
https://doi.org/10.1007/bf00406450
https://doi.org/10.1007/bf00406450
https://doi.org/10.2147/JPR.S134745
https://doi.org/10.2147/JPR.S134745
https://doi.org/10.1016/j.pain.2011.01.043
https://doi.org/10.1038/nrn3976
https://doi.org/10.1038/nrn3976
https://doi.org/10.3389/fpsyt.2019.00020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


Frontiers in Psychology | www.frontiersin.org 1 April 2021 | Volume 12 | Article 667722

ORIGINAL RESEARCH
published: 22 April 2021

doi: 10.3389/fpsyg.2021.667722

Edited by: 
Martina Amanzio,  

University of Turin, Italy

Reviewed by: 
Dimos-Dimitrios D. Mitsikostas, 

National and Kapodistrian University 
of Athens, Greece

Elisa Frisaldi,  
University of Turin, Italy

*Correspondence: 
Magne Arve Flaten  

magne.a.flaten@ntnu.no

Specialty section: 
This article was submitted to  

Neuropsychology,  
a section of the journal  
Frontiers in Psychology

Received: 14 February 2021
Accepted: 29 March 2021

Published: 22 April 2021

Citation:
Daniali H and Flaten MA (2021) What 

Psychological Factors Make 
Individuals Believe They Are Infected 

by Coronavirus 2019?
Front. Psychol. 12:667722.

doi: 10.3389/fpsyg.2021.667722

What Psychological Factors Make 
Individuals Believe They Are Infected 
by Coronavirus 2019?
Hojjat Daniali  and Magne Arve Flaten *

Department of Psychology, Norwegian University of Science and Technology, Trondheim, Norway

Background: We previously showed, by means of an online-based survey, that the belief 
of being infected by coronavirus disease 2019 (COVID-19) acted as a nocebo and 
predicted higher perception of symptoms similar to COVID-19 symptoms. However, there 
is little known about the psychological mechanisms that give rise to beliefs such as 
certainty of being infected by COVID-19, and this was investigated in the present study.

Objective: Using the same data from the previous online survey with the same research 
team, we further investigated whether certainty of being infected by COVID-19 is associated 
with age, sex, health anxiety, and/or personality traits.

Methods: Respondents (N = 375) filled out an online survey with 57 questions about 
symptoms similar to COVID-19, certainty of being infected by COVID-19, anxiety, stress, 
health anxiety, and personality dimensions (based on the five-factor model of personality).

Results: Higher levels of conscientiousness and health anxiety were independently 
associated with certainty of being infected by COVID-19. The model predicted 29% of 
the variance in certainty of being infected by COVID-19.

Conclusion: Being conscientious and worried about health issues were associated with 
the belief of being infected by COVID-19. Such finding may have implications for health 
care personnel who provide COVID-19 testing or consulting services to general population, 
as individuals high in these traits may over-report COVID-like symptoms. Theoretically, 
these findings point to psychological factors that may increase nocebo and possibly 
placebo effects. Clinically, the findings suggest that individuals high in conscientiousness 
and health anxiety may be more likely to over-report their bodily experiences.

Keywords: coronavirus disease 2019, expectations, health anxiety, personality dimensions, conscientiousness, 
nocebo effects

INTRODUCTION

Nocebos are medically inactive substances or procedures that make the individual expect 
unpleasant outcomes (Mitsikostas et  al., 2020). The underlying mechanisms for nocebo effects 
are expectations and former experiences with treatments. Nocebo effects lower treatment 
outcomes, increase reporting of side-effects of treatments, and may impose extra pressure on 
the health care system (Petrie and Rief, 2019).
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The recent global health threat, Coronavirus disease 2019 
(COVID-19) is a highly infectious respiratory disease that is 
being widely spread across the globe (World Health 
Organization, 2020), affecting more than 120 million people 
so far (Worldometer, 2021). Symptoms of COVID-19 include 
dry cough, shortness of breath, fatigue, myalgia, and fever 
that are highly variable across individuals in terms of the 
severity and the course of the disease. Infected individuals 
mostly fall in a wide spectrum between experiencing no 
symptoms via mild to moderate symptoms that require no 
special treatment for recovery, to severe life-threatening 
respiratory symptoms (He et al., 2020; Moghadas et al., 2020). 
COVID-19 symptoms resemble symptoms of conventional 
seasonal influenza (Fauci et  al., 2020). Thus, following the 
experience of symptoms similar to COVID-19 symptoms 
(COVID-like symptoms), the individual may suspect being 
infected by COVID-19, and may report the symptoms as 
COVID-19 symptoms.

Daniali and Flaten (2021, under review) showed that reports 
of COVID-like symptoms were independently predicted by 
both a cognitive factor, i.e., certainty of being infected by 
COVID-19, and by anxiety. The present study focuses on the 
factors that are associated with the belief of being infected 
by COVID-19. Very few studies have investigated the 
psychological factors that underlie the formation of beliefs or 
expectations that are central in the elicitation of nocebo and 
placebo effects (Flaten et  al., 2013). Therefore, using the same 
data as the previous study (Daniali and Flaten, 2021, under 
review), we  investigated whether sex, age, personality factors, 
or health anxiety predicted certainty of being infected by 
COVID-19.

Health anxiety refers to worrying about health in an 
inappropriate and exaggerated way. This construct has been 
shown to increase (e.g., Taylor and Asmundson, 2004) and 
spread during public pandemics (e.g., H1N1 influenza: Bish 
and Michie, 2010; Ebola: Blakey et  al., 2015; SARS: Xie et  al., 
2011), with relations to higher COVID-19 anxiety (e.g., Lee, 
2020; Son et  al., 2020; Wang et  al., 2020). Thus, it is likely 
that higher health-related concerns elevate the certainty of 
being infected by COVID-19.

Personality characteristics, defined as individual differences 
in traits and patterns of thinking, feeling, and behaving (McCrae 
and Costa, 2003), have been shown to modulate health-related 
behaviors. According to the five-factor model of personality 
(FFM; Costa and McCrae, 1992), individual traits are categorized 
into five major personality dimensions: “extroversion, 
agreeableness, conscientiousness, neuroticism and openness” 
(McCrae and Costa, 1997). Specifically, neuroticism and 
conscientiousness are shown to be the most pertinent personality 
traits in prediction of health-related behaviors. For instance, 
individuals scoring higher in conscientiousness, have lower 
health risk behaviors (e.g., Hakulinen et  al., 2015); and 
individuals higher in neuroticism display more health risk 
behaviors such as smoking (e.g., Hakulinen et al., 2015). Thus, 
personality traits, specifically neuroticism and conscientiousness, 
may contribute to the belief of certainty of being infected 
by COVID-19.

It is shown that females report higher nocebo effects compared 
to males (Vambheim and Flaten, 2017), and report more 
COVID-like symptoms (Daniali and Flaten, 2021, under review) 
so it is logical to assume that females have stronger beliefs 
of being infected by COVID-19 than males. Moreover, as the 
elderly are at a higher risk of adverse consequences of COVID-
19, elderly individuals could be  more likely to develop beliefs 
about being infected by COVID-19.

Taken together, we  assumed a model in which age, sex, 
health anxiety and personality factors, specifically neuroticism, 
and conscientiousness, predict the belief of certainty of being 
infected by COVID-19.

MATERIALS AND METHODS

Respondents
The present study used the data from a previous study (Daniali 
and Flaten, 2021, under review).

Briefly, the sample included 135 males (Minage  =  17, 
Maxage  =  79, Range (lowest minus highest)  =  62, Mage  =  33.18, 
SD  =  12.06) and 279 females (Minage  =  16, Maxage  =  71, 
Range  =  55, Mage  =  32.95, SD  =  10.40) and three as “other 
gender” who filled out an online survey. Other gender respondents 
and those who were tested (regardless of the results) for 
COVID-19 (9.4%, N  =  39) were excluded which resulted in 
a total of 375 participants (Minage = 16, Maxage = 79, Range = 63, 
Mage  =  32.72, SD  =  10.90) including 126 males (Minage  =  17, 
Maxage  =  79, Range  =  62, Mage  =  32.88, SD  =  12.13) and 249 
females (Minage  =  16, Maxage  =  67, Range  =  51, Mage  =  32.64, 
SD  =  10.24).

Measures
Demographic questions: Using four items, participants specified 
their sex, age, education level, and whether they have tested 
for COVID-19.

COVID-19 certainty: Certainty of being infected by COVID-19 
was rated on a five-point Likert single item starting from 
“Sure not infected” that was anchored to (0) and ending with 
“Certain that infected” anchored to (4).

COVID-19 symptoms: Using 10 five-point Likert questions 
starting from (0) anchored to “None,” to (4) that was anchored 
to “Severe,” participants rated the severity of a set of symptoms 
similar to symptoms of COVID-19 during the last 2  months 
before participating in the survey. Participants rated the severity 
of their “myalgia (bodily pain),” “fatigue,” “cough,” “dry cough,” 
“sore throat,” “difficulty in breathing,” “fever,” “persistent fever,” 
and “headache.” The items have been previously used to measure 
symptoms of COVID-19 in the general population (Wang et al., 
2020). For more information about the severity of symptoms 
similar to COVID-19, the reader is referred to the previous 
study (Daniali and Flaten, 2021, under review).

Personality dimensions: Participants filled out the Big Five 
Inventory short version (BFI-10) (John et  al., 1991). Using 10 
statements that are rated on a five-point Likert scale ranging 
from “1” to “5,” BFI measures the five-factor model of personality 
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that includes “extroversion, agreeableness, conscientiousness, 
neuroticism and openness.” Each personality dimension is 
assessed by two statements. BFI-10 is a reliable and valid 
personality inventory with satisfactory psychometric properties 
(e.g., Hahn et  al., 2012).

Health anxiety: Health anxiety was assessed by the Short 
Health Anxiety Inventory (SHAI; Salkovskis et al., 2002) including 
18 items measuring health anxiety independent of physical 
health status. Each item provides four different statements about 
a health-related worry that are scored from (0) to (3). Items 
assess worrying about health, awareness of bodily sensations 
or changes, and feared consequences of having an illness. The 
SHAI has acceptable psychometric properties (e.g., Salkovskis 
et  al., 2002). The last four items of SHAI assess “negative 
consequences” and are separately scored (Salkovskis et  al., 
2002). Therefore, in this study only the sum of the first 14 
items was used as the SHAI scores. The internal consistency 
for the first 14 items of SHAI in the present study was 0.85.

Stress and anxiety were also assessed with 14 items, but 
as they overlapped with health anxiety, the data related to 
stress and anxiety is not analyzed in this study. In total, the 
survey consisted of 57 items.

Procedure
With a focus on the general population, the online survey 
was first shared with the Norwegian University of Science and 
Technology (NTNU) students and staff via the intranet and 
then was shared in other social media such as Facebook, 
Instagram, Twitter, and LinkedIn from 2nd of May 2020, to 
the 3rd of August. Respondents were informed that the study 
is conducted unanimously and that they must agree to the 
state of consent before taking part. Both healthy participants 
and COVID-19 patients could participate, as the study was 
aimed to test the hypotheses in the general population. The 
study was introduced to participants as an investigation on 
“the effects of psychological factors on symptoms related to 
COVID-19,” that seeks individuals’ thoughts, personality, negative 
emotions such as stress and anxiety, and physical symptoms 
like COVID-19. Participants had to be  able to comprehend 
English. The study holds approval from the Regional committee 
for medical and health research ethics, Norway (REK; project 
number: 142652), and the Norwegian Center for Research Data 
(NSD; project number: 605612).

Statistical Analyses
The data were analyzed by SPSS software 27 (SPSS, Inc., Chicago, 
Illinois). First, data was screened for outliers and missing values. 
Next, descriptive statistics were analyzed by means of Means, 
SDs, Maxes, Mines, and the percentile distribution of the 
certainty of being infected by COVID-19. Next, the correlation 
between variables was investigated using two-tailed Pearson 
correlation. Followingly, multiple regression assumptions were 
checked, and issues were resolved. Finally, due to the 
non-normality of the residuals (see Data Screening and 
Preparation), a multiple regression analysis with Huber-white 
heteroscedasticity-consistent (HC) SEs was run to test the 

proposed model including variables age, sex, health anxiety, 
and personality factors, as the independent variables (IVs) to 
predict the certainty of being infected by COVID-19. Moreover, 
the internal consistency for 14 health anxiety items was calculated 
using Cronbach alpha.

Data Screening and Preparation
No outliers or missing values were detected. To test the normality, 
heteroscedasticity, homoscedasticity, multicollinearity, and 
linearity of the variables, a multiple regression was run. Certainty 
of being infected by COVID-19, as the dependent variable 
(DV), was regressed on age, sex, health anxiety, and five 
personality factors (extraversion, agreeableness, openness, 
neuroticism, and conscientiousness) as the independent variables 
(IVs). The results indicated that health anxiety (B  =  0.04, 
S.E  =  0.009, β  =  0.24, p  =  0.0001) and conscientiousness 
(B  =  0.08, S.E  =  0.03, β  =  0.16, p  =  0.003) predicted certainty 
of being infected by COVID-19. However, the histogram plot 
showed that certainty was not normally distributed, and the 
Breusch-Pagan test supported the unreliability of the residuals 
(X2  =  13.72, p  =  0.0002; Breusch and Pagan, 1979). Then, 
following the suggestions by Hayes and Cai (2007), HC SEs 
were implemented to control for the heteroscedastic residuals. 
To test the homoscedasticity assumption, a multiple regression 
with homoscedasticity-robust SEs was conducted and the results 
indicated that health anxiety and conscientiousness still 
significantly predicted the DV. Moreover, the variance inflation 
(VIF) and tolerance of IVs fell in the acceptable range 
(tolerance  >  0.20; VIF  ≤  10). Lastly, the linearity assumption 
was met as evidenced by the scatter plot.

Before conducting the multiple regression analysis, the data 
for personality dimensions were first centered by subtracting 
the raw data for each individual from the total mean, as the 
raw data for the personality dimensions did not include a 
zero value. Then, the centered data were included into the 
regression model using the “enter” method.

RESULTS

Descriptive Statistics
The means of the study variables are presented in Table  1. 
With respecting to certainty of being infected by COVID-19, 
26.9% of participants reported “sure not infected,” 45.6% reported 
“probably not infected,” 17.9% were “uncertain,” 7.5% were 
“quite certain” and 2.1% were “certain” of being infected by 
COVID-19 (Table  2).

Correlations
Certainty of being infected by COVID-19 correlated with health 
anxiety and conscientiousness. Age was positively correlated 
with conscientiousness and negatively correlated with health 
anxiety and neuroticism. Health anxiety was negatively correlated 
with agreeableness, conscientiousness and positively correlated 
with neuroticism. Moreover, neuroticism was negatively correlated 
with conscientiousness (Table  3).
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Regression Analysis
The results of the multiple regression showed that health anxiety 
[B  =  0.04, β  =  0.24, S.E (HC)  =  0.01, p  =  0.0001], and 
conscientiousness [B = 0.08, β = 0.16, S.E (HC) = 03, p = 0.006] 
were significant predictors of certainty of being infected by 
COVID-19 [R = 0.29, R2 = 0.0827, F(8,366) = 3.23, p = 0.001]. 
No other variable was shown as a significant predictor of 
certainty of being infected by COVID-19. The model explained 
29% of variance of certainty of being infected by COVID-19 
(Table  4).

DISCUSSION

The results of the present study showed that certainty of 
being infected by COVID-19 was predicted by the personality 
dimension conscientiousness and the cognitive-emotive factor 
health anxiety. This model explained 29% of variance in 
certainty of being infected by COVID-19. Sex, age, and other 
personality dimensions such as neuroticism did not emerge 
as significant predictors for certainty of being infected by 
COVID-19. Moreover, conscientiousness and health anxiety 
were negatively correlated.

We previously showed that certainty of being infected acted 
as a nocebo and exacerbated the perception of symptoms 
similar to COVID-19 (Daniali and Flaten, 2021, under review). 
This means that individuals who were more certain about being 
infected by COVID-19, were more likely to report, e.g., a sore 
throat or headache as COVID-19 symptoms. The current findings 
highlight the contribution of health anxiety and conscientiousness 
in such a nocebo belief.

Higher conscientiousness led to stronger beliefs of being 
infected by COVID-19. Former studies have shown that 
conscientious individuals tend to expose themselves to more 
COVID-19 news, more strictly follow the preventive health 
advice such as keeping a good hand hygiene (Carvalho et  al., 
2020), and practice precautionary behaviors such as stockpiling 
of toilet papers (Garbe et  al., 2020). Along with the same 
line, it can be assumed that the stronger belief in being infected 
by COVID-19 in conscientious individuals can be  due to an 
increased attention toward symptoms that resemble COVID-19 
symptoms. However, this assumption requires more investigation, 
as to our knowledge, our finding is the first to demonstrate 
the effects of conscientiousness on health-related beliefs. 
Conscientiousness is known to be  associated with being 
disciplined, rule-following, and self-controlled (Costa and 
McCrae, 1987, 1992); the negative correlation between 
conscientiousness with neuroticism here partially supports 
this notion.

Higher health anxiety also led to a stronger belief of being 
infected by COVID-19. This fits well with findings that health 
anxiety predicts hypochondriasis (e.g., Bleichhardt and Hiller, 
2007; Faasse and Petrie, 2013; Jungmann and Witthöft, 2020). 
Individuals who are highly worried about their health status, 
tend to misinterpret bodily experiences as indications of having 
caught a disease. Like above, such association may be explained 
through an inclination to over-contemplate about the disease 
and its potential catastrophic consequences (e.g., Faasse and 
Petrie, 2013). Health anxiety is associated with emotional 
instability and overthinking about health-related negative 
consequences (e.g., Ferguson, 2009); this is evidenced here by 
the positive correlation of health anxiety with neuroticism.

Although both conscientiousness and health anxiety predicted 
higher certainty of being infected by COVID-19, the factors 
were negatively correlated, as shown in prior studies (Nikčević 
et  al., 2020). Thus, there seems to be  several ways in which 
different individuals may develop similar health-related beliefs. 
The literature on the psychological processes that underlie the 
formation of beliefs is scarce. However, as beliefs or expectations 
are central concepts in the elicitation and amplitude of placebo 
and nocebo effects, the development and structure of beliefs 
will be  studied further.

Contrary to our proposed model, neuroticism failed to predict 
certainty of being infected by COVID-19, suggesting that certainty 
of being infected by COVID-19 is not impacted by being 

TABLE 1 | Descriptive statistics of the included variables.

Sex Certainty Age H-Anxiety Ep Ap Cp Np Op

Females M; SD

N = 249 (Min; Max)

1.08; 0.89

(0; 4)

32.64; 10.24

(16; 67)

11.38; 5.44

(1; 30)

6.22; 1.97

(2; 10)

7.46; 1.58

(3; 10)

6.98; 1.89

(2; 10)

6.34; 2.19

(2; 10)

6.98; 1.89

(3; 10)
Males M; SD

N = 126 (Min; Max)

1.21; 1.07

(0; 4)

32.88; 12.13

(17; 79)

11.15; 6.35

(0; 28)

5.75; 1.91

(2; 10)

7.10; 1.75

(2; 10)

7.11; 1.77

(2; 10)

5.48; 2.26

(2; 10)

6.74; 1.68

(2; 10)
Total M; SD

N = 375 (Min; Max)

1.13; 0.96

(0; 4)

32.72; 10.90

(16; 79)

11.31; 5.76

(0; 30)

6.07; 1.96

(2; 10)

7.35; 1.64

(2; 10)

7.02; 1.86

(2; 10)

6.06; 2.25

(2; 10)

7.00; 1.70

(2; 10)

M, mean; SD, standard deviation; Certainty, certainty of being infected by COVID-19; Ep, extroversion; Ap, agreeableness; Cp, conscientiousness; Np, neuroticism; and Op, 
openness personality dimensions.

TABLE 2 | Distribution of participants based on the certainty of being infected 
by COVID-19.

Certainty of 
being infected

Frequency Percent Cumulative 
percent

Sure not infected 101 26.9 26.9
Probably not 
infected

171 45.6 72.5

Uncertain 67 17.9 90.4
Quite certain 28 7.5 97.9
Certain 8 2.1 100
Total 375 100
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constantly anxious and experiencing negative affect. This is 
consistent with prior studies that found no association between 
personality traits and expectations of higher pain. For instance, 
Aslaksen and Lyby (2015) studied the effects of personality traits 
and fear of pain on nocebo hyperalgesia (i.e., increase in pain 
due to an inert agent) and reported that no personality trait 
was significantly associated with the nocebo effect.

Our analyses did not reveal a specific contribution for 
participants’ age on the relationship between the personality 
traits, health anxiety, and certainty of being infected by COVID-
19. There is no consensus yet on how age and sex can moderate 
the effects of personality factors on negative psychological 
consequences related to COVID-19. For example, Aschwanden 
et al. (2020) found that age moderated the association between 
personality traits and reactions toward COVID-19, as being 
elder was associated with stronger personality-reflected behaviors 
toward COVID-19 such as higher neuroticism reflected through 
being more concerned about COVID-19, or conscientiousness 
reflected through more precautionary behaviors. However, 
Nikčević et  al. (2020) found no effects for participants’ age 
on the association between personality traits, health anxiety, 
and negative emotions related to COVID-19.

Finally, participant sex did not emerge as a significant 
predictor of certainty of being infected by COVID-19, suggesting 
that this nocebo belief occur in both sexes. This result might 
have been due to the unequal numbers of males (N  =  126) 
to females (N  =  249). However, in the first study (Daniali 
and Flaten, 2021, under review) females reported higher 

COVID-like symptoms compared to males (see also review 
by Vambheim and Flaten, 2017). This notion suggests that 
even though the belief of being infected by COVID-19 may 
not differ across sexes, the nocebo effect still seems to be higher 
in females. Thus, even if beliefs are similar in males and 
females, the nocebo effect stemming from these beliefs seems 
to be  stronger in females. This could be  due to a response 
bias as males often under-report pain and associated emotions 
(e.g., Aslaksen et al., 2007), or to psychophysiological processes 
associated with placebo and nocebo responses. These hypotheses 
will be  followed-up in future studies.

CONCLUSION

This study showed that being conscientious and worried about 
health made individuals susceptible toward developing a belief 
of being infected by COVID-19. Such finding may have clinical 
implications, as individuals high in these traits may over-report 
COVID-like symptoms. In settings, where COVID-19 testing 
services are provided, over-report of symptoms may be expected 
from individuals who show high health concerns. Moreover, 
providing advice about the likelihood of misinterpreting 
symptoms similar to COVID-19 symptoms may be  useful for 
individuals with high levels of conscientiousness. The findings 
also have theoretical implications in the understanding of 
psychological processes that lead to development of beliefs or 
expectations underlying placebo and nocebo effects.

RECOMMENDATIONS FOR FUTURE 
STUDIES

Prospective studies are recommended to consider the followings: 
firstly, this study showed that conscientiousness along health 
anxiety dispose individuals to develop a certainty of being 
infected by COVID-19. However, not much is known about 
the effects of personality traits on nocebo effects and still more 
investigations are warranted. Attempts to describe the extent 
to which an individual responds to placebo treatment through 
a single personality trait may be too limited. Thus, a transactional 
model of placebo responding, in which dispositional characteristics 
dynamically interact with environmental contingencies, has been 
proposed by Darragh et  al. (2015). According to this model, 
the overlaps among the personality traits suggest that placebo 

TABLE 3 | The correlations between study variables.

S. No 1 2 3 4 5 6 7 8

1. Certainty 1
2. Age −0.03 1
3. Health Anxiety 0.22** −0.21* 1
4. Extraversion 0.03 0.02 −0.06 1
5. Agreeableness −0.02 0.01 −0.18* 0.1 1
6. Conscientiousness 0.12** 0.24** −0.18** 0.15** 0.15** 1
7. Neuroticism 0.09 −0.17* 0.41** −0.1 −0.22** −0.20** 1
8. Openness −0.01 0.1 0.07 0.03 0.12* 0.09 0.06 1

N for all variables = 375. ∗p < 0.05; ∗∗p < 0.01.

TABLE 4 | The characteristics of the multiple regression results.

Predictors B β SE (HC)

Age 0.00 0.02 0.00
Sex 0.14 0.07 0.10
Health anxiety 0.04*** 0.24*** 0.01
Extraversion 0.02 0.03 0.02
Agreeableness 0.01 0.02 0.03
Conscientiousness 0.08** 0.16** 0.03
Neuroticism 0.02 0.04 0.02
Openness 0.01 −0.04 0.02
R2 (Root MSE) 0.08 (0.93)
F (df) 3.23*** (8, 366)

The dependent variable was certainty of being infected by COVID-19. B: coefficients. β: 
Standardized Beta coefficients. SE (HC): heteroscedasticity-consistent SEs. Root MSE: 
root mean square errors. **p < 0.01; ***p < 0.001.
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responsiveness could be conceptualized in terms of a two-faceted 
construct consisting of an inward and an outward orientation. 
Therefore, it might be  interesting for prospective studies to 
investigate if highly conscientious or health-concerned 
individuals can be  placed within any of these two categories. 
Secondly, the applicability of this model to other populations 
needs to be  investigated; for example, this is important to 
know whether such a model is confirmed for individuals who 
request for a COVID-19 test. Thirdly, based on the negative 
association between health anxiety and conscientiousness, there 
is a likelihood for a distinction between the quality or direction 
(i.e., positive or negative) of expectations based on health 
anxiety and expectations based on conscientiousness. It is of 
importance to investigate whether higher certainty of being 
infected that is influenced by higher health anxiety results in 
more negative outcomes; and contrastingly, whether certainty 
that is stemmed from high conscientiousness results in more 
preventive and constructive behaviors toward COVID-19. 
Fourthly, the effects of other contextual factors such as being 
constantly exposed to pandemic news (Gao et  al., 2020), or 
the characteristics of the health care providers (Daniali and 
Flaten, 2019), and if those can mediate the influence of 
conscientiousness or health anxiety on certainty of being 
infected by COVID-19 needs to be investigated. Fifthly, whether 
such personality and/or cognitive constructs can lead to higher 
psychophysiological nocebo or placebo responses, such as 
higher blood pressure, as shown in Daniali and Flaten (2020), 
should be  investigated in future studies. Moreover, how such 
a belief of being infected should interrupt the health guidelines 
and treatment procedures is of importance and requires 
investigation. Finally, there may be  sex differences in how 
individuals react, subjectively and physiologically, to their 
health-related beliefs (Vambheim et  al., 2021, under review). 
Taken together, the findings from the present study and that 
of Daniali and Flaten (2021, under review) show that even 
though when males and females have similar beliefs about 
being infected by COVID-19 or not, females report more 
symptoms, i.e., more nocebo effects.

LIMITATIONS

Briefly, the methodological and procedural limitations of the 
present study include the followings: the sample was biased 
as most of the participants were highly educated and young 

with only a small proportion of respondents being over the 
age of 60. This may have affected the outcomes and therefore, 
caution is required when generalizing the findings. Also, as 
in this study, causation cannot be concluded from cross-sectional 
studies. There are also disadvantages for online studies, such 
as dishonest answers, fatigue effects, and reckless answering. 
Regarding other limitations, it should be  first noted that no 
information was gathered about the country of participants, 
and the course of the pandemic was different across countries, 
and this can have affected the results. Secondly, certainty of 
being infected by COVID-19 was investigated using a single 
item. This may have resulted in less variability in the outcome 
variable, restricting the psychometric reliability and validity of 
the present findings. Finally, although only participants who 
were not tested for COVID-19 were included, it is still possible 
that some participants were COVID-19 positive.
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Introduction: Placebo and nocebo effects are positive and negative health outcomes
that can be elicited by the psychosocial context. They can be mediated by expectations,
and may emerge in somatic symptoms even when people are aware of these effects.
Interindividual differences (e.g., in personality, affective states) could impact placebo and
nocebo responding, but findings are inconsistent.

Methods: The current work examined expectation as a mediator of the association
between verbal placebo and nocebo suggestions (VSs) and histamine-induced itch
across three experimental studies. Moreover, we examined whether interindividual
differences (e.g., in optimism, neuroticism, behavioral activation system (BAS),
body ignorance) modulated: (1) the direct association between VSs and itch
(direct moderation), and (2) the indirect, expectation-mediated association between
VSs and itch (moderated mediation). Positive VSs were compared to neutral
instructions (Study 1; n = 92) or negative VSs (Studies 2+3; n = 203) in an
open-label (i.e., explaining placebo and nocebo effects) or closed-label (concealed)
context using PROCESS. First, mediation of VSs effects on itch by expectations
was tested. Next, moderation by individual traits was explored using conditional
process analyses.

Results: The effects of VSs on itch were significantly mediated by expectation in Study
1 and in the open-label (but not closed-label) contexts of Studies 2 and 3. Ignorance
of bodily signals marginally moderated the direct effects of VSs on itch when closed-
label suggestions were given: at low levels of body ignorance, effects of positive and
negative VSs were stronger. Moreover, moderated mediation was observed in the open-
label groups of Studies 2 and 3: The expectation-mediated effects of VSs on itch were
stronger when BAS drive was lower.
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Conclusion: Overall, the effects of VSs on itch were mediated by expectations in the
open-label, but not the closed-label context. Moreover, the current work suggests that
placebo and nocebo effects may be moderated by ignorance of bodily signals and
the BAS. There was limited evidence that other interindividual differences modulated
placebo and nocebo responding in itch.

Keywords: itch, placebo effects, nocebo effects, expectations, pruritus, verbal suggestions, moderated mediation

INTRODUCTION

Placebo effects are positive health outcomes such as reduced
somatic symptoms (e.g., pain, itch, or nausea) that cannot
be attributed to active treatment components, but are elicited
by psychosocial and contextual factors that signal potential
treatment benefits (Evers et al., 2018; Wolters et al., 2019;
Mitsikostas et al., 2020). Nocebo effects can be described as
the opposite—adverse health outcomes, for instance, increases
in somatic complaints or treatment side effects, or decreased
treatment efficacy, which can be elicited by psychosocial factors
signaling potential drawbacks of a treatment (Mitsikostas et al.,
2020). Research generally discerns three mechanisms that
mediate placebo and nocebo effects: (Conscious) expectation,
associative learning, and observational learning (Rossettini et al.,
2020; Evers et al., 2021). Expectations about treatment outcomes
can be modulated by verbal suggestions. Experimental studies,
for instance, show that verbal suggestions of pain relief can
influence expectations and can lead to analgesia following
administration of an inert intervention (Petersen et al., 2014;
Colloca and Barsky, 2020). Similarly, positive verbal suggestions
can reduce symptoms of itch (Bartels et al., 2016; Wolters et al.,
2019). When placebo effects are elicited by associative learning,
or conditioning, an individual learns that a certain cue (e.g.,
the treatment context, or a medical ritual) and positive health
outcome (e.g., a reduction in symptoms) are associated through
experience (Colloca and Barsky, 2020), whereas in observational
learning, this association is learned by observing it in others
(Bajcar and Ba̧bel, 2018).

Differences are observed in the magnitude of placebo and
nocebo effects that can be elicited in individuals, which may be
attributed to psychosocial and contextual factors. Among others,
psychological traits and affective states can contribute to placebo
and nocebo responsiveness (Colagiuri et al., 2015; Hall et al.,
2015; Anderson and Stebbins, 2020; Frisaldi et al., 2020). With
regard to these interindividual differences, optimism appears
to most consistently contribute to placebo responding in pain
(Geers et al., 2005, 2007, 2010; Morton et al., 2009; Darragh
et al., 2014; Corsi et al., 2016), whereas anxiety seems to play a
role in eliciting nocebo effects in particular (Aslaksen and Lyby,
2015; Corsi et al., 2016; Kern et al., 2020; Thomaidou et al.,
2021). The evidence for the contribution of other interindividual
differences, including those in personality traits of the Big Five
model (i.e., neuroticism, extraversion, openness to experience,
conscientiousness, agreeableness), (disposition to) worrying, or

Abbreviations: BAS, Behavioral Activation System; BIS, Behavioral Inhibition
System; NRS, Numeric Rating Scale; VSs, verbal suggestions.

subjective stress, is more inconsistent: some studies report
significant associations and other studies refute them (see, for
example, Corsi and Colloca, 2017; Locher et al., 2019; Kern
et al., 2020). Potentially, interindividual differences in these
traits and states could influence placebo and nocebo effects.
Finally, the behavioral inhibition system (BIS) and behavioral
activation system (BAS) may also play a role in placebo and
nocebo responding. These two systems are reflected in patterns of
emotional and behavioral responses to attractive (e.g., rewards)
and repulsive (e.g., punishments) stimuli (Corr, 2004, 2013).
For instance, BAS comprises the sensitivity of the response to
rewards, as well as the motivation to seek out rewards, whereas
BIS comprises the tendency to avoid unpleasant stimuli (Carver
and White, 1994). Both BIS and BAS have been associated with
pain sensitivity and pain-related function (Jensen M. P. et al.,
2015; Day et al., 2019; Sánchez-Rodríguez et al., 2021; Turner
et al., 2021). Moreover, a more sensitive BAS has been associated
with enhanced placebo analgesia (Schweinhardt et al., 2009; Yu
et al., 2014; De Pascalis and Scacchia, 2017).

The relation between interindividual differences in
psychological traits and affective states, and placebo and
nocebo responding has not been investigated outside the area of
pain very often, but there is some evidence that they modulate
nocebo responding in itch (Bartels et al., 2016; Wolters et al.,
2019). To illustrate, higher levels of depressive symptoms, trait
anxiety, and worrying have been associated with nocebo effects
in itch (Scholz and Hermanns, 1994; Bartels et al., 2014). As
of yet it is still unclear how other interindividual differences
may influence placebo and nocebo effects in itch. Investigating
these associations may be particularly relevant given the high
prevalence and large psychosocial burden of itch (Weisshaar,
2016), and given that itch is likely very sensitive to placebo effects
(van Laarhoven et al., 2015).

According to the current theories on placebo effects
mechanisms, verbal suggestions can influence symptoms because
they change an individual’s expectations about a treatment
outcome. Such a model implies that mediation occurs (Geers
et al., 2019; Bingel, 2020). However, (conscious) expectations are
not always measured in studies, and if they are, it is not often
assessed whether they actually mediate the association between
verbal suggestions and treatment outcomes. Importantly, when
investigating which factors can predict or contribute to placebo
and nocebo responding, expectations are also often omitted from
the tested models. Given that expectations are central to placebo
and nocebo responding, this essentially renders the models for
testing modulation of these effects by interindividual differences
incomplete. Current common practices are to either look for
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direct associations between an individual’s psychological traits or
affective states and the outcome within different subgroups (e.g.,
separately for those receiving verbal suggestions and those not
receiving them), or to test whether interindividual differences
moderate the effects of verbal suggestions on the outcome
directly (for an overview see Kern et al., 2020). Neither of these
methods takes the potentially mediating role of expectations into
account. Because of this, we do not know whether the extent
to which interindividual differences modulate placebo or nocebo
effects is dependent on the involvement of expectations. Placebo
responses are complex, and the degree to which interindividual
differences may influence them could be dependent on whether
expectations change as a result of an intervention; for instance,
we could hypothesize that optimism enhances placebo effects
because suggestions influence expectations to a higher degree
when people are more optimistic, or alternatively, because the
effect of outcome expectations are stronger when people are
more optimistic. If this proposition holds true, it may have
implications for how we look at the role of interindividual
differences in placebo responding. For instance, their role could
change depending on whether placebo interventions aim to
alter conscious expectations: factors that enhance expectation-
mediated placebo responding may be relevant for verbal
suggestions and other types of expectation-based effects, but less
so when placebo effects are generated through other learning
mechanisms, such as associative or observational learning (i.e.,
when the role of conscious expectations may be more limited).

Investigating how interindividual differences, expectations,
placebo effects and nocebo effects are interrelated could further
our understanding of the manner in which interindividual
differences may contribute to placebo and nocebo responding.
To this end, we exploratively analyzed data of three of our
previous studies that investigated placebo and nocebo effects
induced by (open- or closed-label) positive and negative verbal
suggestions on itch (Meeuwis et al., 2018; Meeuwis et al.,
2019; Meeuwis et al., 2021). The objective was to explore the
influence of interindividual differences across a mediation model
of placebo and nocebo effects using conditional process analyses.
Conditional process analysis can be used to test for moderation
of both the direct and indirect (i.e., mediated) effects of a
predictor on an outcome within a single statistical model (see
Figure 1; Hayes, 2017). We hypothesized that the effects of
verbal suggestions on itch would be mediated by expectations.
Moreover, we expected that the strength of the associations
between verbal suggestions, expectations and itch would change
depending on the level of the assessed psychological traits and
affective states.

MATERIALS AND METHODS

Psychological traits and affective states that may be associated
with placebo and nocebo responses to verbal suggestions (VSs)
in histamine-induced itch were explored across three previously
published experimental studies (Meeuwis et al., 2018; Meeuwis
et al., 2019; Meeuwis et al., 2021). This paper used the same
data as these previous publications, but now aimed to examine

interrelations between interindividual differences, expectations,
and placebo and nocebo effects in itch in a larger participant
sample. Supplementary Table 1 outlines the similarities and
differences between the studies. Due to a large overlap in study
design and VSs content, data of the second and third studies were
analyzed collectively.

Study Design
All studies’ details have been published before; short summaries
of the methods are provided below.

Study 1. Open-Label Positive Verbal Suggestions
Versus Neutral Instructions
Healthy volunteers were randomized to (1) an open-label positive
VSs group or (2) a neutral instructions control group. Itch was
induced experimentally during a laboratory session by 2.5 min of
histamine iontophoresis. After iontophoresis, participants were
asked to rate the mean amount of itch they experienced during
this procedure on a 0–10 Numeric Rating Scale (NRS; 0 “no
itch,” 10 “worst itch ever experienced”). Prior to iontophoresis,
participants in the open-label positive VSs group were told
that this procedure would elicit little itch. It was moreover
explained that this suggestion of little itch may influence their
experience by changing expectations about the test (open-label
rationale). Participants in the control group were given neutral
instructions about the study procedures instead. Before and after
the VSs or neutral instructions, participants rated how much itch
they expected to experience on a 0–10 NRS (as a measure of
conscious expectations).

Studies 2 and 3. Open- and Closed-Label Positive
Versus Negative Verbal Suggestions
Healthy volunteers in studies 2 and 3 were randomized to (1)
an open-label positive VSs, (2) a closed-label positive VSs, (3)
an open-label negative VSs, or (4) a closed-label negative VSs
group. Itch was induced experimentally at baseline and following
VSs by histamine iontophoresis. Mean itch was rated upon
completion of this test on a 0–10 NRS (0 “no itch,” 10 “worst itch
imaginable”). Participants were told that they would receive an
intervention before histamine iontophoresis took place a second
time (in study 2 an inert tonic was applied, and in study 3 a
sham transdermal patch). Depending on group allocation, VSs
of decreased (positive VSs) or increased itch (negative VSs) were
given. Participants in the open-label groups additionally received
an explanation of how suggestions may influence expectations:
they were informed that the tonic or patch were actually sham
treatments and elicit placebo effects (in case of positive VSs)
or nocebo effects (in case of negative VSs). Before baseline
iontophoresis and after VSs were given, participants were also
asked to rate how much itch they expected to experience on a
0–10 NRS.

Interindividual Differences
The following psychological traits and affective states were
assessed across all studies: neuroticism and extraversion (Eysenck
Personality Questionnaire—Revised Short Scales, EPQ-RSS;
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FIGURE 1 | Conceptual representation of the first- and second-stage dual moderated mediation model (model 59, Hayes, 2017). The effects of positive and
negative verbal suggestions (VSs) on mean itch during histamine iontophoresis were tested across the three studies. Moderation of the model by interindividual
differences was tested on the indirect and direct pathways from VSs to the outcome (mean itch). The model was controlled for Pre-VSs itch expectation (studies 1–3)
and baseline itch (studies 2–3). A representation of the statistical model including the tested interactions can be found in the Supplementary Material.

Eysenck and Eysenck, 1975), optimism (Life Orientation Test—
Revised, LOT-R; Scheier et al., 1994), and the BIS and
BAS subfactors drive, fun seeking and reward responsiveness
(BIS/BAS scales; Carver and White, 1994). Other interindividual
differences that were assessed in study 1 were subjective stress
(the Perceived Stress Scale, PSS; Cohen et al., 1983), (disposition
to) worrying (Penn State Worry Questionnaire, PSWQ; Meyer
et al., 1990), and distress (Hospital Anxiety and Depression Scale,
HADS; Zigmond and Snaith, 1983). The lie/social desirability
subscale (EPQ-RSS; Eysenck and Eysenck, 1975) was additionally
assessed in studies 2 and 3. Finally, attention to, and ignorance
and awareness of, bodily signals (Body Attention, Ignorance and
Awareness Scale, BAIAS; van Beugen et al., 2015) was measured
in study 3 exclusively.

The EPQ-RSS subscale “neuroticism” assesses a broad
personality construct that comprises emotional instability and
reactivity, as well as a tendency toward anxiety and worrying
(Eysenck and Eysenck, 1975; Sanderman et al., 1991). Items of
this subscale include, for instance “Does your mood often go
up and down?” The subscale “extraversion” measures a person’s
tendency to be, for instance, outgoing and impulsive (example
item “Are you rather lively?”), whereas the “lie” scale reflects a
person’s tendency toward socially desirable responses (e.g., “If
you say you will do something, do you always keep your promise
no matter how inconvenient it might be?”) (Eysenck and Eysenck,
1975; Sanderman et al., 1991). Scores on these EPQ-RSS subscales
range between 0 and 12, with higher scores on the neuroticism
scale indicating more emotional instability and reactivity, and
higher scores for extraversion indicating that the person is more
extravert. Higher scores on the “lie” scale indicate that the person
has a stronger tendency to provide socially desirable responses.

The LOT-R assesses the personality dimension “dispositional
optimism,” that is, the general tendency toward expecting good

outcomes (example item “In uncertain times, I usually expect the
best”) (Scheier et al., 1994). The total score on this scale reflects a
dimension from pessimism to optimism, and scores range from
0 to 24, with higher scores indicating optimism, and lower scores
indicating pessimism.

The BIS/BAS scales comprises several subscales reflecting
approach tendencies, a higher sensitivity to rewarding stimuli,
and higher positive affect. “BAS drive” measures an individual’s
drive or motivation in pursuing their goals (e.g., “When I
want something, I usually go all-out to get it”), “BAS reward
responsiveness” measures the sensitivity to rewarding stimuli
(e.g., “When good things happen to me, it affects me strongly”),
and “BAS fun seeking” measures the tendency and motivation
to pursue pleasant or rewarding stimuli (“I will often do things
for no other reason than that they might be fun”). The BIS
subscale relates to passive avoidance, a more cautious approach
to negative stimuli, and increased negative affect—particularly
anxiety. Example items include “If I think something unpleasant
is going to happen I usually get pretty “worked up” (Carver
and White, 1994; Merchán-Clavellino et al., 2019; Vecchione
et al., 2021). Total scores for BAS drive and fun seeking range
4–16, for BAS reward responsiveness 5–20, and for BIS 7–32.
Higher scores on the BAS-trait scales reflect higher approach
tendencies, and higher scores for BIS indicate a stronger tendency
for passive avoidance.

The PSS scale assesses stress experienced within the last month
(e.g., “In the last month, how often have you been upset because
of something that happened unexpectedly?”; total score ranges
0–40) (Cohen et al., 1983); the PSWQ reflects an individual’s
disposition to worrying (e.g., “I worry all the time”; total score
ranges 16–80) (Meyer et al., 1990); and the HADS assesses
depressive symptoms (“I still enjoy the things I used to enjoy”)
and anxiety (“I feel tense or “wound up””) within the past
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week (Zigmond and Snaith, 1983). Items are summed for the
total scale “distress,” which ranges from 0 to 42. Higher scores
indicate more distress.

Finally, the BAIAS assesses body awareness using three
subscales: “body attention” (e.g., “In general I pay attention to
my physical sensations”), “body ignorance” (e.g., “When I am
not feeling well physically, I do not know the reason”) and “body
awareness” (e.g., “I notice changes in my body, such as whether
my breathing slows down or speeds up”) (van Beugen et al., 2015).
Total scores for each BAIAS subscale are calculated by summing
and then dividing for the number of subscale items, resulting in a
total score between 0 and 4. Higher scores on the BAIAS subscales
“body attention,” “body ignorance” and “body awareness” reflect
a stronger tendency to pay attention to, to ignore, or to be aware
of bodily signals, respectively.

Statistical Analysis
Analyses were conducted using IBM SPSS version 26.0 (Chicago,
IL, United States) and the syntax-driven PROCESS 3.5 SPSS
macro for mediation and conditional process analyses (Hayes,
2017). All analyses were conducted separately for study 1,
and combined for studies 2 and 3. Between-group differences
in baseline expectations and itch, as well as in psychological
traits and affective states, were checked using chi-square tests
and analyses of variance (ANOVAs). Prior to the mediation
and conditional process analyses, assumptions for ordinary
least squares (OLS) regression analysis were checked, including
linearity, homoscedasticity, independence and multivariate
normality, and absence of multicollinearity.

First, direct and indirect effects of VSs on mean itch
were explored in a simple mediation model with post-VSs
itch expectation as mediator variable (PROCESS model 4).
Next, conditional process analyses were used to explore first-
and second-stage dual moderated mediation effects as well as
moderation of the direct effects of VSs on itch by individual
traits (PROCESS model 59; Hayes, 2017). Conditional direct and
indirect effects of VSs on itch were always probed at low (16th),
medium (50th), and high (84th) percentiles of the moderator.
When relevant (i.e., when p<0.10 for moderator × group or
moderator×mediator interaction), the conditional effects of VSs
on itch expectation and the conditional effects of itch expectation
on itch were probed for these percentiles as well. Bootstrapped
95% percentile confidence intervals (CI) were computed with a
rate of 10.000 samples to assert significance of these calculated
conditional effects. To ascertain whether moderated mediation
was present, an index for moderated mediation was calculated
for dichotomous variables (e.g., for sex). Significance of this index
was then checked using the 95% bootstrap CI. Because the model
we tested has multiple points where it can be moderated (see
Figure 1 and Supplementary Figure 1), the function of the effects
of continuous moderators on the indirect path (X→M→Y) is
non-linear. This prevents computation of a single index value for
moderated mediation (Muller et al., 2005; Hayes, 2015). Instead,
pairwise contrasts between the indirect effects of VSs on itch
were calculated at low, medium and high levels of the moderator
variable. The 95% CI for these contrasts were then used to
ascertain moderated mediation.

A moderation effect was deemed present when there was (1)
a significant (p< 0.05) or marginal (p < 0.10) interaction in the
OLS regression analysis, and (2) at least one of the effects probed
at low, medium and high levels of the moderator was significant
as indicated by the 95% bootstrap CI. When the standard probing
of effects reveals significant effects of VSs on itch at any of the
levels of the moderator, but the OLS regression did not show
marginal or significant interaction effects, no moderation was
present. Finally, in all mediation and conditional process models,
pre-VSs itch expectation was included as a covariate on the
mediator (post-VSs itch expectation) level. In addition, mean itch
during baseline iontophoresis was included as a covariate in the
models of studies 2–3 on the mediator level as well as on the
outcome (post-VSs mean itch) level. All analyses were conducted
two-sided with α < 0.05.

RESULTS

Participants and Baseline Differences
Between Groups
Data of 295 participants were analyzed (study 1: n = 92, 81.5%
female, Mage ± SD = 21.3 ± 1.94; studies 2 and 3: n = 203, 83.3%
female, Mage ± SD = 21.9± 2.70). No between-group differences
in psychological traits, affective states, or baseline ratings of
expected itch and mean itch experienced during iontophoresis
were observed for study 1 (all p≥ 0.11; Supplementary Table 2).
Some incidental group differences were observed in the open-
label arm of studies 2 and 3, which will be taken into account
during the interpretation of the findings: neuroticism and BAS
drive were higher in the positive compared to the negative VSs
group; [t(98) = –2.05, p = 0.043; and t(98) = –2.09, p = 0.040],
respectively. Pre-VSs expected itch was lower in the positive
compared to the negative VSs group; [t(98) = 2.15, p = 0.034]. For
the closed-label arm of studies 2 and 3, the positive VSs group
scored lower on lie/social desirability compared to the negative
VSs group; [t(101) = 3.24, p = 0.002].

Simple Mediation: Effects of Verbal
Suggestions on Mean Itch, as Mediated
by Expectations
Open-Label Positive Verbal Suggestions Versus
Neutral Instructions (Study 1)
Mediation analysis (see Figure 1 for the conceptual model)
revealed that positive VSs were significantly associated with
lower expected itch compared to neutral instructions [path a1:
bX→M = –2.82, SE = 0.29, p<0.001; also described in Meeuwis
et al. (2018)]. Within the model with positive VSs, lower post-VSs
expected itch was significantly associated with lower post-VSs
mean itch (path b1: bM→Y = 0.18, SE = –0.09, p = 0.048). Positive
VSs were not directly associated with lower mean itch (path
c’: bX→Y = 0.31, SE = 0.43, p = 0.47), however, a significant
indirect association between positive VSs and lower mean itch
was observed [path c: bindirect = –0.51, SE = 0.26, 95% CIbootstrap
(–0.65, –0.03)]. This indicates that positive VSs indirectly reduced
post-VSs mean itch, through mediation by expectation. Finally,

Frontiers in Psychology | www.frontiersin.org 5 December 2021 | Volume 12 | Article 78152155

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


fpsyg-12-781521 December 7, 2021 Time: 15:30 # 6

Meeuwis et al. Interindividual Differences, Expectations and Itch

FIGURE 2 | Unstandardized regression coefficients (SEM) for the mediation of the association between verbal suggestions (VSs) and post-VSs mean itch by itch
expectations in (A) study 1, (B) the open-label arm of studies 2–3, and (C) the closed-label (i.e., concealed) arm of studies 2–3. The models were controlled for
pre-VSs itch expectation (A–C) and baseline itch (B,C). Note that c = (indirect) mediation effect; CIbootstrap = bootstrapped confidence interval; †p < 0.10; *p < 0.01;
∗∗∗p < 0.001.

lower pre-VSs expected itch was significantly associated with
lower post-VSs expected itch [path e1: bC→M = 0.76, SE = 0.08,
p < 0.001; Figure 2A and Supplementary Table 3).

Open-Label Positive Versus Negative Verbal
Suggestions (Studies 2 and 3)
Mediation analysis demonstrated that positive VSs reduced
expected itch compared to negative VSs (path a1: bX→M =
–1.72, SE = 0.30, p < 0.001; findings of the separate studies are
described in Meeuwis et al., 2019; Meeuwis et al., 2021). Lower
post-VSs expected itch in turn was associated with lower post-
VSs mean itch (path b1: bM→Y = 0.17, SE = 0.08, p = 0.032).
While no significant direct effect of VSs on mean itch was
found (path c’: bX→Y = –0.35, SE = 0.26, p = 0.19), again a
significant indirect association between positive VSs and lower
post-VS mean itch was observed [path c: bindirect = –0.29,
SE = 0.15, 95% CIbootstrap (–0.61, –0.02)]. This shows that the

effects of positive VSs versus negative VSs were mediated by
post-VS expected itch under open-label conditions, with positive
VSs being associated with lower mean itch than negative VSs.
Finally, lower pre-VSs expected itch was marginally associated
with lower post-VSs expected itch (path e1: bC→M = 0.17,
SE = 0.09, p = 0.054). Moreover, lower mean itch experienced
during baseline significantly predicted lower post-VSs expected
itch (path e2: bC→M = 0.65, SE = 0.08, p < 0.001) and lower
post-VSs mean itch (path e3: bC→Y = 0.72, SE = 0.09, p < 0.001),
respectively (Figure 2B and Supplementary Table 3).

Closed-Label Positive Versus Negative Verbal
Suggestions (Studies 2 and 3)
Mediation analysis demonstrated that positive VSs reduced
expected itch compared to negative VSs (path a1: bX→M = –
1.84, SE = 0.31, p < 0.001; findings of the separate studies are
described in Meeuwis et al., 2019; Meeuwis et al., 2021). However,
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post-VSs expected itch in turn was not associated with post-VSs
mean itch (path b1: bM→Y = 0.01, SE = 0.09, p = 0.90). Instead,
positive VSs were directly and significantly associated with lower
post-VSs mean itch compared to negative VSs (path c’: bX→Y = –
0.77, SE = 0.31, p = 0.014). No significant indirect association
between VSs and itch was found, which indicates that post-VSs
expected itch did not mediate the effects of VSs on mean itch
[path c: bindirect = –0.02, SE = 0.19, CIbootstrap (–0.46, 0.30)] in
the closed-label context. Finally, lower pre-VSs expected itch was
significantly associated with lower post-VSs expected itch (path
e1: bC→M = 0.19, SE = 0.08, p = 0.025). Moreover, lower mean itch
experienced during baseline significantly predicted lower post-
VSs expected itch (path e2: 0.80, SE = 0.09, p <0.001) and lower
post-VSs mean itch (path e3: bC→Y = 0.82, SE = 0.10, p < 0.001),
respectively (Figure 2C and Supplementary Table 3).

Conditional Process Analyses:
Interindividual Differences in the Relation
Between Verbal Suggestions,
Expectations and Itch
Open-Label Positive Verbal Suggestions Versus
Neutral Instructions (Study 1)
Conditional process analyses revealed no evidence for moderated
mediation, which indicates that the expectation-mediated
indirect effects of VSs on mean itch did not depend on
interindividual differences in psychological traits or affective
states (see Supplementary Table 4). A non-significant marginal
first-stage interaction between VSs and extraversion was observed
for expected itch (pint = 0.086). Post-hoc probing of this
interaction revealed that effects of VSs on expected itch were

FIGURE 3 | Depiction of the conditional indirect and direct effects of VSs on mean itch across low, medium and high levels of behavioral activation system (BAS) trait
drive for the open-label arms of studies 2–3. (A) There was moderated mediation (depicted in (A) as the change in unstandardized regression coefficient magnitude
for the effects of VSs on mean itch for low, medium and high levels of the moderator): the indirect (i.e., expectation-mediated) effects of VSs on mean itch (path c)
changed depending on the level of BAS drive (i.e., the motivation to achieve goals). The effects of VSs on mean itch were significantly mediated by expectations in
case of low drive to achieve goals (i.e., when BAS drive scores were low). When participants had high drive to achieve their goals (i.e., when BAS drive scores were
high), expectations did not mediate the association between VSs and mean itch; instead, the direct effects of VSs on itch (path ‘c) tended to be stronger. This
moderated mediation can also be explained as follows: (B) positive VSs were associated with lower itch expectation compared to negative VSs when BAS drive was
lower (significant BAS drive × VSs interaction; depicted in (B) as mean itch expectation ± SEM for low, medium and high BAS drive levels); and (C) the association
between lower itch expectation and lower post-VSs mean itch was stronger at low compared to high levels of BAS drive (depicted in (C) as simple regression slopes
for each level of the moderator).
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significant across all levels of extraversion though, and stronger
when extraversion scores were higher (see Supplementary
Figure 2). Other interindividual differences did not moderate
the effects of VSs at either the first stage (post-VSs expected
itch) or second stage (post-VSs mean itch) of the model, nor
the effects of expected itch on mean itch at the second stage
(all pint ≥ 0.14; Supplementary Table 4). Across all moderated
mediation models, lower pre-VSs expected itch predicted lower
post-VSs expected itch (path e: range bC→M = 0.74–0.76,
all SE = 0.08, all p < 0.001). Direct associations between
the psychological traits and affective states and outcomes are
described in Supplementary Table 4.

Open-Label Positive Versus Negative Verbal
Suggestions (Studies 2 and 3)
Conditional process analysis showed changes in the conditional
indirect (i.e., expectation-mediated) effects of VSs on mean
itch across different levels of the BAS drive trait. At low
and medium levels of BAS-drive (i.e., when participants have
lower drive to pursue their goals), the indirect effect of VSs
on mean itch through expectations was larger than at high
levels of BAS drive (i.e., when there is a high drive to
pursue goals; Figure 3A). Moreover, the observed indirect
effects were significant only at low and medium levels of BAS
drive (i.e., bootstrapped 95%CI ≤ –0.04). Post-hoc pairwise
contrasts confirmed moderated mediation, as the observed effects
contrasted significantly for low, medium and high levels of this
moderator (i.e., bootstrapped 95%CI ≥ 0.03; Supplementary
Table 5). The model further inferred a non-significant marginal
interaction between VSs and BAS drive for post-VSs expected itch
(pint = 0.075; see Figure 3B): effects of VSs on expected itch were
stronger (i.e., expected itch was lower after positive VSs) when
BAS drive was lower. The effects of expectations on mean itch
were not moderated by BAS drive, although associations between
expected itch and mean itch tended to be stronger for lower levels
of BAS drive (Figure 3C). Direct effects of VSs on mean itch were
not significantly moderated by BAS drive (both pint > 0.18), but
increases in effect magnitude could be observed when BAS drive
scores were higher. Overall, the model shows that the effects of
positive and negative VSs on mean itch may be more dependent
on mediation by expectation when participants have generally
lower drive to pursue their goals.

There was no evidence for moderated mediation in any of the
models containing the other psychological traits or affective states
(Supplementary Table 5). Some direct moderation effects were
observed: the effects of VSs on expected itch were stronger at
lower levels than at higher levels of BAS fun seeking (pint = 0.015;
Supplementary Figure 3). Body awareness moreover moderated
the effects of VSs on expected itch (pint = 0.047): the effects of VSs
on expected itch were stronger for participants with lower body
awareness (Supplementary Figure 4). Marginal non-significant
trait x expected itch interaction effects on mean itch were
observed for BAS reward responsiveness (pint = 0.095) and the
lie/social desirability scale (pint = 0.083): the associations between
post-VSs expected itch and mean itch were stronger when
reward responsiveness was lower and when social desirability
was higher (Supplementary Figures 5, 6). Finally, the association

between pre-VSs expected itch and post-VSs expected itch ranged
from marginal to significant (path e1: range bC→M = 0.15–
0.30, SE = 0.09–0.11, p = 0.007–0.097) across all moderated
mediation models. Lower mean itch experienced during baseline
iontophoresis was a significant predictor of post-VSs expected
itch (path e2: range bC→M = 0.37–0.66, SE = 0.09–0.14, all p<
0.01) and of post-VSs mean itch (path e3: range bC→M = 0.66–
0.73, SE = 0.09–0.11, all p< 0.001) across all models.

Closed-Label Positive Versus Negative Verbal
Suggestions (Studies 2 and 3)
Conditional process analyses revealed no evidence for moderated
mediation (Supplementary Table 6). A non-significant marginal
moderation of the direct effects of VSs on mean itch by body
ignorance was found (pint = 0.072). Probing of this interaction
revealed that at low and medium levels of body ignorance,
positive VSs were significantly associated with lower mean itch
compared to negative VSs (i.e., bootstrapped 95%CI ≤ –0.51).
For high levels of body ignorance, effects of positive compared
to negative VSs on mean itch were not significant (i.e., the
bootstrapped 95%CI contained 0; Figure 4). Finally, the direct
effect of VSs on post-VS expected itch was moderated by BAS
fun seeking (i.e., the tendency to seek out pleasant stimuli) and
BAS reward responsiveness (i.e., the sensitivity to rewarding
stimuli), respectively (both pint ≤ 0.031). Post-hoc probing of
these moderation effects indicated that, in both models, positive
compared to negative VSs resulted in lower expected itch when
scores on the BAS subscale were low. When BAS scores were
high, positive VSs were not associated with lower expected itch
compared to negative VSs (Supplementary Figures 7, 8). Finally,
the association between pre-VSs expected itch and post-VSs
expected itch ranged from marginal to significant (path e1: range
bC→M = 0.15–0.38, SE = 0.08–0.14, p = 0.008–0.088) across
all moderated mediation models. Lower mean itch experienced
during baseline iontophoresis was a significant predictor of
post-VSs expected itch (path e2: range bC→M = 0.78–0.82,
SE = 0.09–0.15, all p< 0.001) and of post-VSs mean itch (path
e3: range bC→M = 0.78–0.86, SE = 0.10–0.14, all p< 0.001)
across all models.

DISCUSSION

The current work explored whether interindividual differences
in psychological traits and affective states could modulate the
formation of placebo and nocebo effects in histamine-induced
itch by moderating either the direct effects of verbal suggestions
on itch, or by moderating effects arising through mediation
by conscious expectations. The results show that the effects of
open-label verbal suggestions were predominantly mediated by
(consciously rated) expectations, whereas for closed-label (i.e.,
concealed) suggestions, verbal suggestions directly modulated
itch levels without involvement of conscious expectations.
Sensitivity of the behavioral activation system (BAS), which is
linked to reward responding, was associated with differences in
the process of placebo and nocebo responding. This is evidenced
by the various significant moderated mediation and moderation
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FIGURE 4 | Depiction of the marginal moderation of the direct effects of VSs on mean itch by ignorance of bodily signals in the closed-label (i.e., concealed) arms of
studies 2 and 3: at low and medium levels of body ignorance, effects of VSs on itch were larger, with participants in the positive VSs group reporting lower levels of
itch and participants in the negative VSs group reporting higher levels of itch. When participants tended to ignore bodily signals to a high degree, effects of VSs on
mean itch were non-significant. The associations are depicted in the figure as mean itch ± SEM for low, medium and high levels of body ignorance.

effects found for BAS-associated trait scales across the three
studies. In particular, the effects of open-label verbal suggestions
on itch were more strongly mediated by conscious expectations
when BAS trait drive (i.e., the motivation to pursue one’s goals)
was lower. In addition, the extent to which individuals pay
attention to and ignore bodily signals was related to placebo
and nocebo effects: participants who have a higher tendency
to ignore bodily symptoms tended to respond more strongly
to the positive or negative verbal suggestions. There was no
evidence that other interindividual differences, for instance in
optimism, neuroticism, or worrying, modulated placebo and
nocebo responding to itch.

The current work illustrates how conscious expectations may
contribute to placebo and nocebo responding to open-label as
well as closed-label verbal suggestions for itch across a relatively
large sample of healthy volunteers. To our knowledge, it is the
first work that explores how interindividual differences may
shape the response to these suggestions and simultaneously
takes into account that this influence may be via indirect (i.e.,
expectation-mediated) pathways. Notably, the role of conscious
expectations appeared limited for the closed-label, or concealed,
arm of studies 2 and 3. Instead, verbal suggestions directly
influenced the experience of itch. Some studies show that
conscious expectations may not be needed for placebo or nocebo
effects to occur (Jensen et al., 2012; Jensen K. B. et al., 2015;
Bajcar et al., 2020; Colloca et al., 2020). The current findings for

closed-label suggestions are in line with this previous evidence.
On the other hand, the findings for the open-label suggestions
show that the effects of these suggestions were predominantly
mediated by conscious expectations. Because the research area of
open-label placebo is relatively new, much less is known about
the mechanisms of these specific placebo effects, or the role that
expectations may have in shaping them. A prior experimental
study with healthy volunteers shows that expectations about
how well placebo pills would work for the participant can
influence open-label placebo effects, independent of the actual
dose or adherence to placebo treatment (El Brihi et al., 2019).
Other studies moreover show that the rationale provided by
the researchers for open-label placebo influences the magnitude
of open-label placebo effects for patients, which could indicate
that conscious expectations play a role in these effects (Locher
et al., 2017; Schaefer et al., 2018; Leibowitz et al., 2019). The
current findings are in line with these studies. Notably, open-label
placebo has been found to improve outcomes for patients, even
when they were skeptical or did not expect to experience benefits
(Kaptchuk, 2018; Kaptchuk and Miller, 2018), which suggests
that factors other than expectations may also elicit these effects.
More research is needed to examine under which circumstances
and to which extent expectations can contribute to open-label
placebo effects.

With regard to the interindividual differences that predict
placebo and nocebo effects, traits related to the BAS were found
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to moderate the effects of positive and negative suggestions on
expectations and itch in the open-label arm of studies 2 and
3. BAS is a motivational system that reflects an individual’s
sensitivity to stimuli of reward and punishment (Carver and
White, 1994; Dierickx et al., 2021). Higher BAS-associated traits
and higher sensitivity to rewards have been associated with
increased pain experience (Day et al., 2019; Sánchez-Rodríguez
et al., 2021; Turner et al., 2021), and notably, with enhanced
placebo analgesia as well (Schweinhardt et al., 2009; Yu et al.,
2014; De Pascalis and Scacchia, 2017). In the current work,
the BAS traits drive, reward responsiveness, and fun seeking all
influenced expectations, and consequently, open-label placebo
and nocebo effects in itch to some extent. Notably, the indirect
effects of positive and negative suggestions on mean itch were
larger when the BAS trait “drive” was lower. While this seems
contrary to the existing literature at first, these findings could
in fact reflect that the process by which placebo and nocebo
effects are formed differs depending on an individual’s sensitivity
to rewards. The significant moderated mediation that we found
for the BAS trait “drive” supports this in particular. When
participants indicated low drive to pursue their goals, the effects
of open-label verbal suggestions on itch were more strongly
mediated by expectations. In contrast, the direct effects of verbal
suggestions increased in magnitude when BAS drive was higher.
Although this increase in magnitude was non-significant in
the current work, this would be in line with findings of prior
studies (Schweinhardt et al., 2009; De Pascalis and Scacchia,
2017). Similar patterns could be noticed in the findings for BAS
“reward processing” (i.e., trait reflecting sensitivity to rewards)
and BAS “fun seeking” (i.e., reflecting the tendency to seek
out novel or rewarding stimuli). Though moderated mediation
was absent, these two scales did moderate some of the single
pathways in the model (for instance, the effects of suggestions
on expectations). Taken together, these findings show that for
individuals who have low BAS (i.e., low sensitivity to rewards),
changes in conscious expectations may be necessary to elicit
placebo and nocebo effects. For individuals who have a highly
sensitive BAS, suggestions could influence itch regardless of what
they expect to happen. This implies that it could be relevant to
adjust communication strategies in clinical practice depending on
a patient’s BAS: for those with low BAS, it may be more prudent
to maximize positive expectations about treatment for itch.

High BAS has often been associated with higher extraversion
(e.g., in Heubeck et al., 1998; Smits and Boeck, 2006). Notably,
while BAS was associated with placebo and nocebo responding in
the current work, extraversion was not. This is not in line with
previous work that links extraversion with placebo responding
(Beedie et al., 2008; Kelley et al., 2009), though generally findings
for extraversion and placebo responding are mixed (Kern et al.,
2020). Extraversion did modulate the effects of suggestions on
expectations, though. Potentially, this modulation may not have
been large enough to result in detectable differences in placebo
or nocebo responding in actual itch experience. Moreover,
according to Gray’s original theory on reinforcement sensitivity,
extraversion stems from a combination of high BAS and low
BIS (Gray, 1970; in Knyazev et al., 2004), and BIS has not been
associated with placebo or nocebo responding so far, including

in the current work. This may speculatively explain why BAS
modulated placebo and nocebo effects in the current work,
but extraversion did not. Alternatively, variance in extraversion
could have been too small to detect associations with placebo
or nocebo responding, as young and healthy student volunteers
were predominantly included here. Finally, psychological traits or
affective states may interact among themselves whilst influencing
health outcomes. To illustrate, interactions between the Big Five
personality traits have been found to predict wellbeing and
mood (McFatter, 1994; Merz and Roesch, 2011). Interindividual
differences in a single trait as such may not influence outcomes
insomuch, but a specific combination of traits might. While
these between-trait interactions are outside of the scope of the
current work, future studies could consider, for instance, to use
multiplicative moderation analyses to detect whether interactions
among moderators may influence placebo or nocebo responding.

It should be noted that, while previous studies investigated
placebo effects and BAS exclusively (without looking into nocebo
effects), we compared open-label positive suggestions with
either neutral instructions or negative suggestions. The results
show that BAS traits did not moderate the effects of positive
suggestions versus neutral instructions—but rather, that they
significantly modulated the effects of positive versus negative
suggestions. Thus, alternatively, our findings could also indicate
that the involvement of reward processing is different in placebo
compared with nocebo effects. This would be in line with
recent evidence that shows that activity in the ventral striatum
differs between placebo and nocebo effects, likely because placebo
responding may be a form of reward processing, whereas nocebo
responding may engage aversive networks in the brain (Fu et al.,
2021). BAS traits have been found to consistently correlate with
activity of this brain region in response to positive stimuli (see
for example, Kennis et al., 2013). Moreover, there is evidence
that placebo analgesia activates the reward system in the brain,
whereas nocebo hyperalgesia may inhibit this network (Shi et al.,
2021). Our findings that when BAS-drive trait is low, placebo
versus nocebo responding is more dependent on expectation
change than when this trait is highly present could reflect
these differential responses of the reward system, although this
needs to be confirmed by fMRI research. Brain imaging studies
for placebo and nocebo effects have so far been conducted
predominantly in pain. To this date, only two imaging studies
have been published that explore the brain areas involved in
nocebo effects for itch (Napadow et al., 2015; van de Sand
et al., 2018), and none have studied the brain mechanisms of
placebo effects in itch yet. Brain areas that have been found
to be involved in nocebo effects in itch are also involved
in motivational processing (Napadow et al., 2015). Moreover,
interaction between cortex and periaqueductal gray (PAG) was
enhanced in nocebo responding in itch (van de Sand et al.,
2018). Activation of the PAG in particular has been implicated
in descending pain control and reward function (Becerra et al.,
2001), but is central to itch processing as well (Najafi et al., 2021).
Interestingly, PAG deactivation deriving from reward system
activation following scratching has been found to relieve itch,
which may suggest distinct mechanisms for itch compared to
pain relief (Papoiu et al., 2013). Speculatively, this could mean
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that the neurophysiological mechanisms of placebo effects differ
between itch and pain as well.

Marginal moderation of the direct effects of closed-label
positive and negative suggestions on itch by body ignorance was
found. Participants who indicated that they tended to ignore
signals of their body showed larger placebo and nocebo responses
to the verbal suggestions that were provided. Potentially, these
individuals’ responses and experiences may be guided to a larger
extent by external signals rather than internal ones. Alternatively,
individuals who indicated that they tend to be aware of what they
experience in their body may be guided more by internal signals
and less so by external information. There is some evidence
that more self-aware people experience less arousal following a
placebo intervention (Gibbons et al., 1979). Training patients
to accurately evaluate and report pain levels based on internal
rather than external cues has also been found to reduce placebo
responses in chronic low back pain (Erpelding et al., 2020).
The current findings are in line with this. However, it should
be noted that awareness and ignorance of bodily signals in
the current study were assessed through self-report, and may
as such reflect a conviction that people have (i.e., they believe
that they ignore their symptoms) and not a particular skill set.
It may be relevant to further investigate whether self-reported
versus actual skill in recognizing bodily signals influences placebo
and nocebo responding in itch. Moreover, the current study
compared placebo and nocebo effects elicited by suggestions.
Future research may aim to investigate whether ignorance of
bodily symptoms contributes equally to placebo and nocebo
effects, for instance by comparing these effects with a neutral
control condition. Training individuals to evaluate itch accurately
may be particularly relevant for nocebo effects—in theory, such a
training could be used to reduce the occurrence of these effects in
clinical practice.

The current work shows that other, more general
psychological traits, such as optimism, neuroticism, or worrying
were not associated with placebo and nocebo responding to
verbal suggestions in itch. Although some direct moderation
effects were found in the current work, for instance of traits and
suggestions on expectations, these were not actually associated
with itch experience. This is in line with studies that show that
these traits do not predict placebo or nocebo responses (Corsi
and Colloca, 2017; Gillving et al., 2020; Kern et al., 2020), but
contradicts several studies that do report such associations (e.g.,
that optimism can predict placebo responding: see Geers et al.,
2005, 2007, 2010; Morton et al., 2009; Darragh et al., 2014; Corsi
et al., 2016; Zhou et al., 2019). These discrepancies between study
findings may be attributable to differences in methodology, or to
differences in the type of symptoms that were assessed (i.e., pain
versus itch). In addition, the contribution of these interindividual
differences to placebo and nocebo effects may change depending
on the manner in which placebo and nocebo effects were induced.
Identifying which interindividual differences can contribute to
placebo and nocebo responding, and which cannot, remains
important in order to develop strategies aimed at maximizing
placebo effects and minimizing nocebo effects in clinical practice
(Evers et al., 2021). Future research could, for example, assess
whether the factors that are relevant for shaping placebo and

nocebo effects differ depending on the type of mechanisms that
elicit these effects. If we know which interindividual differences
are relevant for which mechanisms, we will be able to better
predict for whom interventions or a treatment rationale aimed
at optimizing expectations would be helpful, for instance, and as
such be able to optimize treatment in clinical practice.

Innovative statistical methods were used to obtain detailed
and mechanistic information about the potential influence of
interindividual differences on both open-label and closed-label
placebo and nocebo effects in itch. Other strengths of the
current work include the increase in power for the analyses that
was obtained by combining data of the three studies, and the
similarity in the assessed psychological traits and affective states
across studies. Some limitations need to be addressed. First, the
methodology varied across the analyzed studies, and it cannot
be ruled out that some variations in the current findings could
be attributed to these between-study differences. For instance,
in studies 2 and 3 positive and negative verbal suggestions
were compared to each other, but not to a control group.
Findings in those studies likely describe differences between
placebo and nocebo responders, whereas those in study 1 describe
placebo responders only. Second, the main aim of this paper
was to explore associations between interindividual differences,
expectations, and itch experience following verbal suggestions,
and as such the findings need to be seen as hypothesis-
generating. A large number of statistical tests were performed to
achieve this, which may have increased the number of chance
findings. Nonetheless, some measures were taken to prevent
over-reporting of chance findings. For instance, a bootstrap-
based method was used to analyze mediation and conditional
processes. Bootstrapping can improve the accuracy of confidence
intervals (Preacher and Hayes, 2008; Hayes, 2009, 2015). Third,
the reported effects tended to be small. Moreover, some between-
group differences in psychological traits and affective states
were observed, for instance between the open-label positive and
negative VSs groups of studies 2 and 3: the positive VSs group
scored higher on BAS drive trait. While bootstrapping generally
can handle asymmetric sampling well (Preacher and Hayes, 2008;
Hayes, 2009, 2015), some caution may be needed in interpreting
these findings and, ideally, they would need to be replicated by
future studies. Finally, a relatively homogenous study sample of
young, predominantly female, and healthy student volunteers
was used. This may have influenced findings, for instance, by
impacting the diversity in the assessed interindividual differences.
Generalization of the findings to the general population should be
done carefully and in light of the assessed study sample.

In short, the current study explored whether interindividual
differences modulated how placebo and nocebo effects are
shaped in histamine-induced itch. Moderation of both the
direct and indirect (expectation-mediated) effects of positive and
negative verbal suggestions were tested. The results indicate that
the effects of open-label positive and negative suggestions on
itch may be more dependent on mediation by expectations,
whereas closed-label (i.e., concealed) suggestions influenced
itch directly. Moreover, the findings show that the process by
which the positive and negative suggestions influenced itch
can change depending on BAS sensitivity: for individuals who
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have low BAS (i.e., low sensitivity to rewards), the effects
of suggestions were mediated more strongly by expectations.
In addition, high ignorance of bodily signals was marginally
associated with increased placebo and nocebo responding to
verbal suggestions. Finally, there was no evidence that other
interindividual differences, for instance in optimism, neuroticism
or worrying, modulated placebo and nocebo responding in
itch. Overall, the findings contribute to the growing collection
of studies that identify factors associated with placebo and
nocebo effects. Innovative statistical methods were used to obtain
detailed mechanistic information about the potential influence
of interindividual differences on how placebo and nocebo effects
were formed. If we can increase our understanding of these
processes, we may then use this knowledge to develop strategies
aimed at maximizing placebo effects in clinical practice.
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A placebo effect is a positive clinical response to non-specific elements of treatment with 
a sham or inert replica of a drug, device, or surgical intervention. There is considerable 
evidence that placebo effects are driven by expectation of benefit from the intervention. 
Expectation is shaped by a patient’s past experience, observations of the experience of 
others, and written, verbal, or non-verbal information communicated during treatment. Not 
surprisingly, expectation in the clinical setting is strongly influenced by the attitude, affect, 
and communication style of the healthcare provider. While positive expectations can produce 
beneficial effects, negative information and experiences can lead to negative expectations, 
and consequently negative or nocebo effects. Key components identified and studied in 
the placebo and nocebo literature intersect with factors identified as barriers to quality care 
in the clinical setting for Black patients and other patients of color, including poor patient-
clinician communication, medical mistrust, and perceived discrimination. Thus, in the context 
of discrimination and bias, the absence of placebo and presence of nocebo-generating 
influences in clinical settings could potentially reinforce racial and ethnic inequities in clinical 
outcomes and care. Healthcare inequities have consequences that ripple through the 
medical system, strengthening adverse short- and long-term outcomes. Here, we examine 
the potential for the presence of nocebo effects and absence of placebo effects to play a 
role in contributing to negative outcomes related to unequal treatment in the clinical encounter.

Keywords: placebo and nocebo effects, health inequities, communication, mistrust, perceived discrimination

INTRODUCTION

Placebo and Nocebo Effects
A placebo effect is a positive outcome in response to an inert treatment or intervention. The 
mechanism underlying the placebo response has captivated and bewildered clinicians and 
researchers for decades. To understand why patients respond to seemingly inert treatments, 
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placebo researchers investigated components of the clinician-
patient encounter and found that positive expectations, both 
conscious and unconscious, are key drivers of placebo effects 
(Atlas, 2021). The word “placebo” is derived from the Latin 
placere, “to please.” While placebo effects are widely known 
to be  salubrious, their opposite, nocebo effects, are not as well 
known. Nocebo effects are negative outcomes that are induced 
by negative expectations, both conscious and unconscious. The 
term, derived from the Latin word nocere, “to harm,” was 
initially coined in 1961 to describe the phenomenon of adverse 
events occurring in clinical trial participants randomized to 
placebo (Kennedy, 1961). Today the term is used in many 
contexts, one of which is to describe components of the clinical 
encounter that might negatively affect treatment outcomes.

The nocebo effect was first reported in blinded clinical trials 
with placebo controls. To the surprise of investigators, participants 
given placebo in these trials reported side effects, some of 
which were very closely related to the expected side effects 
of the active drug. As there were no obvious biological impacts 
of the placebo pill itself, investigators ascribed the adverse 
events to psychologically induced negative effects arising from 
learning about the potential side effects of the active treatment. 
This phenomenon continues to pose a challenge to drug 
developers in their attempts to develop new treatments for 
depression (Kirsch and Sapirstein, 1998; Khan et  al., 2002) 
Alzheimer’s disease (Lim et  al., 2020), and heart disease 
prevention (Wood et  al., 2020).

The information conveyed by clinicians about a newly 
prescribed therapy can also shape patients’ experiences. Often, 
if the clinician emphasizes the side-effects of a treatment, the 
patient is more likely to experience those side-effects (Silvestri 
et  al., 2003; Rief et  al., 2006; Doering et  al., 2014). Other 
influencing factors may include subtle cues derived from the 
posture and facial expressions of the clinician and whether 
they establish eye contact or physical touch. When these subtle 
cues are deemed positive, they can enhance placebo effects 
(Kaptchuk et al., 2008), but when they are negative, the opposite 
is true and they can induce nocebo effects (Jensen et al., 2012).

Expectations are considered to be  key drivers of placebo and 
nocebo effects and can arise from the patient’s past experience, 
direct information conveyed to the patient by the clinician, and 
subtle cues in the patient-clinician interaction. If a patient 
experienced nausea with a treatment in the past, they might 
expect to again feel nauseous the next time they are prescribed 
that treatment. Patients with cancer, for example, may experience 
“anticipatory nausea” before chemotherapy treatments actually 
begin upon entering the facility where they usually have 
chemotherapy treatment, or even entering a room with walls 
painted the same color as the one in which they were usually 
treated (Andrykowski, 1988; Kamen et  al., 2014; Colloca and 
Barsky, 2020). Many experts consider these negative symptoms 
to be  a product of conditioning from prior experiences. The 
patient repeatedly feels nauseous during chemotherapy, and over 
time they are conditioned to associate the treatment room with 
nausea, even if the room itself is not causing the symptom. 
Patients that had negative experiences or experienced discrimination 
in the clinical encounter have different expectations, including 

increased mistrust and expectations of experiencing discrimination 
again in the future, than those that have had mostly positive 
experiences in the clinical encounter (Atlas, 2021; Hall et  al., 
2021). The implication is that patients could be  conditioned to 
anticipate future poor outcomes with negative encounters.

Due to the ethical imperative of clinicians to “do no harm,” 
and the general aversion to deception of the patient, the study 
of intentionally induced nocebo effects is limited (Wolters et al., 
2019). Intentional introduction of negative experiences can 
have lasting adverse effects on patients and is therefore highly 
regulated. Thus, a substantial portion of nocebo research occurs 
in laboratory settings. Despite the limitations in placebo and 
nocebo studies, it is clear that the absence of placebo and 
presence of nocebo-promoting factors can result in negative 
expectations that increase the experience of pain (Scott et  al., 
2008), reduce treatment efficacy (van Laarhoven et  al., 2011), 
and compromise short- and long-term health outcomes.

The links between race/ethnicity, health inequities, and 
placebo and nocebo effects are not well studied (Friesen and 
Blease, 2018). Four components of the clinical encounter that 
are considered to mediate suboptimal outcomes by experts in 
health inequities include poor communication, medical mistrust, 
perceived discrimination, and racial discordance. Here, 
we  examine these components through a placebo/nocebo lens 
to determine how the two literatures might converge to better 
explain how these factors lead to suboptimal outcomes. Further, 
we investigate the potential for nocebo and placebo mechanisms 
to play a role in exacerbation of negative outcomes due to 
unequal treatment in the clinical encounter and support this 
by connecting evidence from the existing placebo, nocebo, 
and health inequity literature.

Unequal Treatment
Health inequities research has demonstrated that patients’ race 
and ethnicity can significantly impact the care that they receive 
and subsequent clinical outcomes. The report Unequal Treatment: 
Confronting Racial and Ethnic Disparities in Health Care published 
by the Institute of Medicine concluded that “race and ethnicity 
remain significant predictors of quality of health care received” 
(Nelson, 2002). In 2017, a report from the Centers for Disease 
Control (CDC) reported that Black Americans were more likely 
to die from diabetes, heart disease, and cancer than their White 
counterparts (Hamel et  al., 2020). More recently, the Kaiser 
Family Foundation’s (KFF) 2020 Report confirmed that Black 
Americans have more negative experiences in the health care 
setting and more significant barriers to accessing healthcare 
than White Americans (Hamel et  al., 2020). In a February 
2021 report from the CDC, the life expectancy for non-Hispanic 
Black Americans was 72 compared to 78 years for non-Hispanic 
White Americans (Seible et  al., 2021). In the United  States, 
infant mortality for Blacks is three times that for white infants 
(Greenwood et  al., 2020).

There are multiple factors that contribute to these inequities, 
including structural racism and its downstream effects on 
socioeconomic status and access to healthcare. On an individual 
level, the clinical encounter is the setting in which many of 
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these streams of influence converge. It is also the setting in 
which placebo effects can have profound benefits and nocebo 
effects can seed their greatest harm (Figure 1). There is evidence 
for discrimination in the clinical encounter that gives rise to 
unequal care. For example, race of the patient has been shown 
to significantly impact nurses’ pain-treatment decisions (Hirsh 
et  al., 2010). The implicit bias of clinicians has been suggested 
to negatively impact their clinical relationships with Black 
patients, and therefore the care of Black patients in general 
(Blair et  al., 2013). A study of 287 medical residents measured 
implicit bias and demonstrated that physicians whose scores 
demonstrated implicit bias against Black patients and implicit 
adherence to the stereotype that Black patients were less 
cooperative with medical procedures treated Black and White 
patients differently (Green et  al., 2007). Specifically, these 
physicians had a higher likelihood of treating White patients 
with thrombolysis, a treatment for blood clots, as compared 
to Black patients. In fact, as physicians’ pro-White unconscious 
biases increased, “so did their likelihood of treating White 
patients and not treating Black patients with thrombolysis,” 
indicating unequal treatment related to their biases. Racial and 
ethnic inequities in care exist in the clinical encounter, giving 
rise to unequal outcomes and physiological responses to 
discrimination. Further research is necessary to assess the 
overlap in neurological correlates of discrimination and nocebo 
response and to subsequently take steps to improve 
clinical outcomes.

The absence of factors that promote placebo effects or the 
presence of factors that induce nocebo effects can have 
immediate and long-term negative impacts on the patient. 
Critically, these factors can erode trust and increase perceived 
discrimination, creating credible expectations that can not 
only compromise future clinical encounters, but also undermine 
treatment adherence. It is important to reiterate that these 
expectations are not deliberate, conscious, or the fault of the 
patient; rather, these expectations arise as learned conclusions 
after the direct experience or awareness of others’ experiences 
of patterns of suboptimal, dismissive, or low-quality care. 
Substantial evidence shows that patients expect to receive 
unequal treatment based on their race or ethnicity (Blendon 

et al., 2007). From evidence that shows anticipation of negative 
outcomes can influence future outcomes, it follows that 
expectations of this nature could perpetuate the occurrence 
of the feared outcome. Unfortunately, far too often 
“placebogenic” factors are absent and “nocebogenic” factors 
are present in the clinical encounters of Black Americans 
compared to those of White Americans.

THE CLINICAL ENCOUNTER

“A cold, uncaring, disinterested, and emotionless physician will 
encourage a nocebo response. In contrast, a caring, empathetic, 
physician fosters trust, strengthens beneficent patient expectations, 
and elicits a strong placebo response. […] The doctor, the nurse, 
the healthcare provider are the most valuable resources for healing 
patients.” (Olshansky, 2007).

Placebo research has identified the clinical encounter and 
therapeutic relationship as a key mediator of placebo effects 
(Figure  1). In turn, the therapeutic benefits of a positive 
patient-clinician relationship and their downstream effects on 
improved adherence and clinical outcomes are well established 
(Schoenthaler et  al., 2012). Specifically, studies have isolated 
physician warmth and empathy as key components of a positive 
therapeutic encounter and physician coldness and incompetence 
drivers of negative outcomes.

In order to reduce the influence of nocebo on outcomes, 
experts encourage physicians to build a good relationship 
with the patient (Barsky et  al., 2002). In physician training, 
the importance and benefits of a positive and effective 
therapeutic relationship are emphasized. However, health 
inequities research finds that the likelihood and frequency 
of positive or satisfactory encounters with physicians are 
variable and often vary in part depending on the race and 
ethnicity of the patient. In a study comparing survey responses 
of 14 racial and ethnic groups, the non-White groups tended 
to view the quality of the health care they received more 
negatively than White patients, and many reported that they 
felt they would not receive the best care if they were sick 
(Blendon et  al., 2007).

FIGURE 1 | QOL is quality of life, a measure assessed by many treatment satisfaction surveys. Non-adherence, stress, or poor feelings of quality of life could occur 
unrelated to these factors. Though there are other mechanisms by which non-verbal and contextual cues and past experiences mediate outcomes, one suggested 
mechanism is that expectation in part mediates these inputs. For example, experience of racism in a clinical encounter could lead to mistrust of that physician and 
reduce adherence to the treatment suggested by that physician without the influence of expectations. However, the next time that patient returns to a clinician’s 
office for a medical problem, they might be wary of the potential for a negative encounter, which could then be mediated by expectations, following the paths in the 
figure.
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Communication and Warmth
In the placebo literature, positive and effective clinician patient 
communication is crucial to ensuring adequate patient 
satisfaction and adherence to medical advice. Communication 
is a key component of expectations, which in turn drive 
placebo and nocebo effects. In a now classic placebo/nocebo 
study, participants rated their pain during a continuous infusion 
of remifentanil. The participants’ experience of pain varied 
with the information they were given about the infusion. 
Specifically, their experience of pain was reduced when they 
thought they were receiving the potent analgesic, even if the 
infusion had not yet started, and enhanced when they were 
told that the infusion was stopped, even if it was continued. 
Brain images collected during the study revealed that activation 
in regions of the brain involved in processing pain or associated 
with placebo effects was influenced by what the participant 
was told about the infusion (Bingel et al., 2011). These findings 
have been replicated in the placebo/nocebo literature (Wager 
and Atlas, 2015; Geuter et  al., 2017). Expectations shaped 
by information, associative learning, social observation, and 
subtle cues appear to elicit changes in the brain that are 
associated with an increase or decrease in the experience 
of pain.

In psychotherapy trials, patient ratings of empathy and 
alliance rank as top variables that predict outcomes (Wampold, 
2015). Other factors, including supportive care and touch can 
influence patient satisfaction (Lopez-Sola et  al., 2019; Reddan 
et al., 2020). Enhancing the patient-clinician encounter influences 
the placebo effect significantly (Fuentes et  al., 2014). In one 
of the most cited placebo studies, Kaptchuk et  al. (2008) 
demonstrated that components of the clinical encounter, from 
the physical exam and answering questions about one’s condition 
(“observation”), to receiving sham interventions (“limited”), or 
sham interventions plus demonstrable warm, caring actions 
(“augmented”) are additive. In the study, the limited group 
had better outcomes than the observation group, and the 
augmented group had significantly better outcomes than the 
other two groups.

In the nocebo literature, poor or limited physician encounters 
can increase the likelihood for a nocebo reaction to an inert 
treatment. One such study used a factorial (2 × 2 × 2) between-
subjects study design to assess the impact of expectations and 
physician interaction style (Howe et  al., 2017). In the study, 
a histamine skin-prick test was used to administer an allergic 
reaction. Then, an inert cream was provided with instructions 
to expect either alleviation (the cream would decrease the 
reaction) or worsening (the cream would increase the reaction). 
The clinician administering the treatment was instructed to 
display either high or low warmth and high or low competence. 
The subjects who received the positive information about the 
cream had significantly smaller wheals than those that received 
the negative suggestion. Further, the impact of expectation 
was mediated by physician warmth and competence. Positive 
expectations delivered by a warm and competent clinician 
correlated with the smallest wheal size, and these effects were 
negated when the physician delivered the inert cream with 
low-warmth/low-competence.

Another recent study of the effect of medical provider facial 
expressions on pain analgesia following hypothetical painful 
procedures found that perceived competence and warmth of 
the clinician based on facial visual information alone predicted 
patients’ expectations about post-procedure pain and use of 
medication (Necka et  al., 2021). This study emphasized the 
effect of patients’ initial impression of physicians on their 
perceptions of their care, which can subsequently alter treatment 
outcomes. These findings are consistent with observations that 
negative information and the absence of warmth and competence 
can minimize the benefit of a treatment.

Though not a primary focus of the placebo/nocebo literature, 
validation of patient concerns is an element of the therapeutic 
relationship that has been shown to influence patient satisfaction 
with the clinical encounter (Greville-Harris and Dieppe, 2015). 
One study manipulated the amount of validating language used 
by a clinician during an encounter to determine the significance 
of validating language in participant satisfaction. The study 
demonstrated that participants experiencing an “invalidating” 
encounter reported lower levels of perceived safety, exhibited 
higher physiological arousal (measured by heart rate), had 
increased negative affect, and reported lower willingness to 
participate in a future study as compared to participants that 
had encounters with physicians that were validating (Greville-
Harris, 2013). In post-visit interviews, invalidated participants 
reported feeling hopeless and angry, and felt an increased need 
to avoid particular doctors or treatments entirely. The authors 
hypothesized that validating language might induce placebo 
responsiveness, but the results showed that the negative effects 
of invalidation were more significant and suggest that invalidation 
could elicit nocebo responses (Greville-Harris and Dieppe, 
2015). In a study assessing the impact of physician invalidation 
on fibromyalgia patients, invalidation correlated with significantly 
lower quality of life scores on the Quality-of-Life Scale-16 
(QOLS-16). Without intervention, constant invalidation of the 
patient’s experience could have detrimental effects on a patient’s 
overall sense of wellbeing and psychological and physical health 
(Lobo et  al., 2014).

Racial disparities in communication have been documented 
and are considered driving factors for poor treatment adherence 
and negative experiences in the health care setting (Hamel 
et  al., 2021). When recordings of clinic visits were assessed 
by independent raters, non-White patients were found to 
experience unfavorable treatment and suboptimal communication 
compared to their White counterparts. Physicians were found 
to be  23% more verbally dominant and 33% less engaged in 
patient-centered communication during medical visits with 
Black patients as compared to White patients (Johnson et  al., 
2004). Consistent with these findings, a meta-analysis showed 
that physicians were less likely to participate in shared decision 
making or establish rapport with non-White compared to White 
patients (Ferguson and Candib, 2002).

Black patients are more likely to be  invalidated by their 
physicians. A recent study evaluated language used by physicians 
in their notes about patients. The study showed that physicians 
tended to use language implicating lower patient credibility 
when reporting Black patients’ health concerns in their notes 
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as compared to those of White patients (Beach et  al., 2021). 
According to the 2020 KFF Report, 41% of Black women with 
a child under the age of 18 stated that there was a time in 
the last 3 years when a healthcare provider talked down to 
them or did not treat them with respect (Hamel et  al., 2020). 
Further research has shown that Black patients receive less 
information than White patients, ask fewer questions, and are 
less likely to participate in decision making when experiencing 
lower-quality communication (Shen et  al., 2018). Healthcare 
professionals have also been shown to hold false beliefs about 
biological differences between White and Black patients that 
correlate with their treatment decisions (Hoffman et  al., 2016; 
Atlas, 2021). A study assessing whether patient factors affected 
physicians’ underestimation of patient pain found that physicians 
are twice as likely to underestimate pain in Black patients 
(Staton et al., 2007). Black patients reporting moderate to high 
levels of pain are less likely to receive opioids compared to 
White patients (Burgess et  al., 2014). Further, Black children 
with appendicitis are less likely to receive opioids for pain 
relief (Goyal et  al., 2015).

The Implicit Association Test (IAT) is a test that quantitatively 
assesses an individual’s implicit attitudes and beliefs (implicit 
associations) that they may be  unwilling or unable to report. 
In a study using the IAT to measure clinician implicit race 
bias and implicit race and compliance stereotyping, high scores 
(indicating greater bias) were associated with markers of poor 
communication and care ratings among Black patients in 
particular (Cooper et al., 2012). Discrimination and stereotyping 
could explain suboptimal communication between Black patients 
and their physicians. A study examining the effect of race and 
socioeconomic status on physicians’ perceptions of patients 
showed that the race of the patient was associated with the 
physician’s assessment of the patient’s intelligence, likelihood 
of risky behavior, likelihood of adherence to medical advice, 
and the physician’s feelings of affiliation toward the patient 
(van Ryn and Burke, 2000).

Training physicians to improve their communication with 
patients is one strategy to address nocebo/placebo effects and 
inequities in the clinician-patient encounter. Improvement in 
communication as a result of training was shown to increase 
the likelihood of patient adherence (Zolnierek and Dimatteo, 
2009). Similarly, patient satisfaction is highly correlated with 
patients’ feelings of involvement in medical decisions and of 
being treated with dignity (Beach et  al., 2005). Positive 
communication not only benefits the patient; but also a 2016 
study similarly showed that relationship-centered communication 
skills training improved patient satisfaction scores, improved 
physician empathy and self-efficiency, and reduced physician 
burnout (Boissy et  al., 2016).

Trust
Trust in the therapeutic relationship is closely tied to 
communication and is a key mediator of the clinical relationship. 
In most placebo studies, the importance and influence of a 
physician is partially attributed to their status as a trusted 
community member and provider (Benedetti, 2013). Trust is 
accepted as an important factor in maintaining continuity of 

care, adherence to treatment, and patient satisfaction, all of 
which are short-term measures that tend to predict long-term 
outcomes (Rolfe et  al., 2014). In fact, patient feelings of trust 
in their clinician are associated with pain ratings during an 
encounter (Losin et  al., 2017). On the one hand, trust in 
physicians has been shown to strongly influence willingness 
to seek medical care, participate in research, reveal personal 
information, and adhere to treatment. On the other hand, 
medical mistrust has been shown to correlate strongly with 
underutilization of available health services (Hall et  al., 2001; 
LaVeist et  al., 2009). These factors are significant, as treatment 
adherence significantly correlates with patient outcomes; a 
meta-analysis of studies measuring adherence and outcomes 
in the general population demonstrated that there is a 26% 
outcome difference between high and low adherence (DiMatteo 
et  al., 2002).

Mistrust in physicians is both a symptom and cause of 
suboptimal clinical encounters. Experiencing discrimination can 
cause mistrust in medical professionals in future encounters, 
and latent feelings of mistrust can influence adherence and 
willingness to seek treatment (Hall et  al., 2001; LaVeist et  al., 
2009). Mistrust can be considered a type of negative expectation: 
an evidence based anticipation of future encounters after negative 
experiences (Scharff et  al., 2010). If a patient experienced 
discrimination, ambivalence, or suboptimal care from physicians 
in past experiences, they might be  conditioned to anticipate 
suboptimal encounters in the future.

There is evidence that people who experience discrimination 
in daily life are more likely to have feelings of mistrust toward 
medical professionals (Williams and Mohammed, 2009; Ojikutu 
and Stone, 2021). Some studies have suggested that Black 
patients are more likely to report general medical mistrust 
than White patients (Boulware et  al., 2003). A 2020 report 
by KFF found that only 59% of Black adults surveyed felt 
they could trust doctors as compared to 78% of White respondents 
(Halbert et  al., 2006; Hamel et  al., 2020). Studies have shown 
that Black patients generally report less trust in their personal 
physicians, regardless of reported trust in general information 
sources (Musa et al., 2009). These differences can also be observed 
over the course of a single clinical visit. A 2006 study examining 
the quality of patient-clinician communication found that Black 
and White patients rated pre-visit trust in physicians statistically 
similarly, but Black patients reported lower post-visit trust and 
rated physicians lower on communication, support, and 
partnering as compared to White patients (Gordon et al., 2006). 
Significant predictors of post-visit trust included physicians’ 
and patients’ perceptions of physicians’ communication.

The potential of trust and comfort in improving treatment 
outcomes was validated by a 2018 study that examined the 
potential benefit of healthcare interventions based in trusted 
community settings, in this case, a barbershop. In the study, 
319 Black male barbershop patrons with hypertension were 
randomly assigned to an in-shop pharmacist led intervention 
or an active control group. Among participants assigned to 
the barbershop-based intervention, 63.6% had a reduction in 
their blood pressure to normal levels compared to 11.7% of 
those in the control intervention (Victor et  al., 2018).  
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This result affirms how integrating findings in placebo/nocebo 
and healthcare disparities research can drive innovative 
approaches for addressing health inequities in clinical care.

Racial Concordance and Patient 
Outcomes in the Clinic
Many of the elements discussed in this review have been shown 
to be  mediated by racial concordance, or lack thereof, in the 
patient-clinician relationship (Schoenthaler et al., 2012). Racially 
discordant patient-clinician encounters have been shown to 
include communication difficulties that may contribute to lower 
quality (Street Jr. et  al., 2007). Indeed, patients of color have 
been found to be  more likely to have suboptimal experiences 
in the health care setting when the care is being provided by 
a provider of a different race – what is referred to as a racially 
discordant patient provider interaction. The important role of 
racial concordance was illuminated by a review of the literature 
in 2018, which examined 40 published studies with 66 different 
analyses of patient-physician communication with Black patients 
compared to others (Shen et  al., 2018). This review found 
that in the majority of these studies Black patients experienced 
lower communication quality measured in multiple ways, 
including less information giving by physicians, less partnership 
building by physicians, shorter visits, lower total word count, 
and less eye contact. Importantly, however, racial discordance 
almost always predicted poorer communication and 
communication was better with racially concordant patient-
physician interactions.

A number of recent studies have confirmed the positive 
effect of racially concordant patient-physician encounters and 
relationships (Cooper-Patrick et  al., 1999; Laveist and Nuru-
Jeter, 2002; LaVeist et  al., 2003; Meghani et  al., 2009; Alsan 
et  al., 2019; Ma et  al., 2019; Takeshita et  al., 2020). They 
found that patients of color have greater trust, are more likely 
to receive appropriate treatment and accept indicated screenings, 
and thus have better outcomes, when they see physicians of 
their own race. Simulation studies support these findings (Losin 
et  al., 2017). Some studies have found that racial concordance 
improves pain scores in studies of acute pain (Anderson et  al., 
2020). Recent studies have investigated the effect of the race 
of the speaker in media distribution of COVID-19 information 
(Torres et  al., 2021), and a recent study by Alsan et  al. (2021) 
found that Black and Latinx patients are more likely to trust 
COVID-19 information when it comes from a physician of 
their own culture. While it is interesting and important that 
racially concordant patient-provider relationships mitigate the 
potential harm that patients of color suffer in the health care 
system, it is not a solution that is scalable. Given that Black 
and Latinx physicians together comprise approximately 11% 
of U.S. physicians (Colleges, 2018), it is a given that most 
Black and Latinx patients will continue to experience racially 
discordant patient provider relationships. These results point 
to the importance of pursuing further empirical research to 
identify which component of the race/ethnic concordant clinical 
encounter mediates positive outcomes to improve all 
patient encounters.

NEUROBIOLOGICAL AND 
PHYSIOLOGICAL CORRELATES OF 
PLACEBO/NOCEBO AND 
DISCRIMINATION

Neurobiological Correlates of Placebo/
Nocebo
In the past 2 decades, neuroimaging studies have begun to 
elucidate the neurobiological basis and underlying mechanisms 
of placebo and nocebo effects. In laboratory-based studies, 
subjects are exposed to an aversive stimulus (e.g., heat pain 
or electric shock) and then given an inert treatment (e.g., a 
saline infusion or inert cream) with the instruction to expect 
alleviation (i.e., “this will reduce your pain”) or worsening of 
the pain (i.e., “this will increase your pain”). Association between 
treatment and its effect can also be  induced by conditioning 
through repeated pairing of a painful stimulus and a treatment 
to guide the experience of pain (Atlas, 2021).

Neuroimaging during these laboratory procedures implicates 
signaling of opioids and dopamine. Other neurotransmitters 
and hormones are likely involved, including vasopressin, which 
influences social behavior and cortisol levels in humans (Colloca 
et al., 2016). Though nocebo and placebo appear phenotypically 
opposite, nocebo is hypothesized to recruit another 
neurotransmitter signaling cascade, the cholecystokinin (CCK) 
pathway (Tracey, 2010). The CCK signaling pathway has been 
associated with anxiety disorders and acute episodes of anxiety 
or stress. Pain related studies of nocebo have found that nocebo 
is associated with anticipatory anxiety (Atlas, 2021) and 
hypothalamic-pituitary-adrenal (HPA) axis activity (Johansen 
et  al., 2003), as measured by levels of cortisol in the blood.

In a 2006 neurobiological study of nocebo, participants were 
exposed to acute arm pain and given either diazepam (a 
benzodiazepine), proglumide (a CCK-antagonist), or no treatment 
(Benedetti et al., 2006). To measure changes in HPA-axis activity, 
blood cortisol levels were obtained. Diazepam, a medication often 
used to treat anxiety, blocked both nocebo hyperalgesia and 
HPA-hyperactivity. Proglumide blocked nocebo hyperalgesia but 
did not block HPA-axis hyperactivity. Importantly, neither drug 
showed analgesic influence on the pain itself, but rather affected 
the nocebo related increase in pain ratings. These results suggested 
differential involvement of the two systems, but point to the 
involvement of both stress and anxiety HPA-axis related mechanisms 
in the brain in response to nocebo. Although neuroimaging has 
identified these and other mechanisms in placebo/nocebo research, 
they are not specific enough to show reliable correlations to 
racial healthcare inequities. More neurobiological research is 
needed to address the significance of the overlap between nocebo 
pathways and the physiological correlates of the experience of 
racial and ethnic discrimination in clinical encounters.

Neurobiological and Physiological 
Correlates of Discrimination
Experiencing discrimination in the clinic or in the broader 
societal context can influence levels of trust and expectations 
of treatment in patients. In the literature, exposure to 
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discrimination or self-reported experience of discriminatory 
encounters is often referenced as “perceived discrimination,” 
and has been shown to mediate the number of patients’ experiences 
of discrimination and feelings of medical mistrust (Hammond, 
2010). Perceived discrimination is associated with a variety of 
negative health consequences, including a higher risk of mental 
health conditions and a decrease in well-being, self-perceived 
health, and mortality (Barnes et  al., 2008; Williams and 
Mohammed, 2009; Todorova et  al., 2010; Straiton et  al., 2019). 
Heat related pain has been shown to be associated with perceived 
racial discrimination in Black, but not White, study participants 
(Goodin et al., 2013). A neuroimaging study conducted in 2020 
found that pain ratings in response to a thermal pain stimulus 
were mediated by perceived discrimination and by brain activity 
in regions previously associated with discrimination, pain ratings, 
and trust in the experimenter (Losin et al., 2020). This association 
was observed in self-identified African American participants, 
but not among Hispanic or non-Hispanic White participants.

Exposure to discrimination has also been shown to cause 
downstream stress related neurobiological effects that might 
influence long-term downstream health outcomes (Pascoe and 
Smart Richman, 2009). Some of these physiological effects overlap 
with neurobiological nocebo mechanisms. Activation of the 
HPA-axis has been shown to be a correlate of stress and experienced 
discrimination. While activation of the HPA-axis and release of 
cortisol are an important adaptation to allow humans to respond 
to stressful or dangerous situations, sustained high concentrations 
of cortisol can cause long term damage and dysregulation of 
the HPA-axis, and has even been associated with increased rates 
of cardiovascular disease (Lockwood et  al., 2018). Black patients 
have higher rates of fatal cardiovascular disease than White 
patients; in 2018, Black Americans were 30% more likely to die 
from heart disease than White Americans (OMH, n.d.).

DISCUSSION

Ways to Improve Empirical Research to 
Assess the Impact of Nocebo and Placebo 
Effects in Clinical Care
The literature suggests that there are important links between 
nocebo, placebo, and health inequities in the clinical encounter, 
though there is a dearth of empirical studies assessing this 
relationship (Friesen and Blease, 2018). Research studying the 
effect of perceived similarity between patients and clinicians 
shows that this increases the placebo effect, yet the role of 
race and ethnicity has yet to be  studied with the same focus 
on identifying a biological mechanism. Understanding the 
biological mechanism that connects suboptimal clinical encounters 
with poor long-term outcomes and its downstream effects is 
essential to promoting health equity. Gaining a specific 
understanding of the components of the clinical encounter that 
mediate suboptimal outcomes through biological mechanisms 
is the first step in ensuring equitable care in the encounter 
itself. To achieve this, multidisciplinary research is called for, 
in which researchers work together to gain a more holistic 
understanding of the downstream impacts of racial/ethnic 

discordance and outcomes in the clinical encounter, and include 
measures to better capture some of these components 
(Atlas, 2021).

There already exists an extensive literature examining the 
relationship between race-discordance in the patient-clinician 
relationship, patient satisfaction ratings, and health outcomes, 
but many of these studies lack a biological outcome measure, 
like neuroimaging or blood cortisol levels. Assessment of 
these physiological measures could assist in elucidating the 
relationship between race/ethnicity and placebo and nocebo 
in the clinical encounter. Neuroimaging, genomic, or 
physiological studies examining the impact of supportive care, 
touch, or good communication should also add in race/
ethnicity of the patient and clinician as a measure to capture 
how different groups of patient are affected by some of these 
components. To this end, studies utilizing artificial “groups” 
of patients based on survey responses could provide useful 
insights when it comes to racial concordance in the clinical 
encounter, but to make these studies more directly applicable 
to the clinic, it may be  useful to survey patients in actual 
clinical encounters for their feelings of group-connectedness 
to clinicians.

Nocebo effects are present in placebo control arms of 
randomized clinical trials, and the potential for information 
provided during the informed consent to give rise to side 
effects has been extensively studied in this context. There is 
potential for race/ethnicity of patients and clinicians to influence 
the rates of side effects in clinical trials (Burroughs et  al., 
2002). However, we  note two important points that minimize 
the potential to derive clear associations between race and 
adverse events in clinical trials. One is that people of color 
generally are underrepresented in clinical trials, so statistical 
comparison of these groups might be  underpowered. Second, 
genetic variation could function as a confounder to some 
differences in this setting (McDowell et  al., 2006). Increasing 
race and ethnicity reporting in studies with large quantities 
of nocebo responses in the placebo arm of clinical trials could 
be useful in identifying specific factors that give rise to side effects.

There are some clear examples of studies that investigate 
both elements of the clinical encounter and physiological changes 
associated with health inequities. In February 2021, Letzen et al. 
(2021) investigated differences in placebo hypoalgesia associated 
with verbal suggestions, and found that non-Hispanic Black 
individuals tended to report greater pain increases after verbal 
suggestion of increased pain plus a saline infusion compared 
to non-Hispanic White individuals. Some researchers already 
examine neural mechanisms activated during clinical encounters; 
for example, Jensen et al. (2014) used functional MRI to examine 
neural activity of the physician during an encounter with a 
patient. Adding in race or ethnicity of the patient or of the 
physician as a focus of an experiment of this type could provide 
useful insight into outcomes of the clinical encounter. Integration 
of these methods into studies of health inequities, and integration 
of race/ethnicity as a factor in studies of placebo and nocebo 
in the clinical encounter, would begin to fill the gap of empirical 
research assessing the effect of race in mediating outcomes 
arising from the clinical encounter.
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Practical Ways to Enhance Placebo and 
Reduce Nocebo Effects in Clinical Care
Mitigating factors that reduce placebo or enhance nocebo effects, 
particularly in racially/ethnically discordant dyads, can 
be  achieved by modifying behaviors in communication and 
addressing implicit biases. Overall, emphasis on ensuring a 
patient-centered clinical encounter is important in improving 
patient satisfaction and other outcomes. In a study examining 
racial disparities in communication, the results found that 
communication quality was improved when physicians’ behavior 
was matched to that of the patients. For example, physicians 
could focus on matching patient behaviors of smiling, gazing, 
and laughter as these behaviors have been shown to elicit a 
favorable response from patients (Hamel et  al., 2021). Studies 
have also shown that the implicit racial bias of physicians can 
be  decreased significantly by completing the Black-White IAT 
during the first and last semester of medical school (van Ryn 
et al., 2015). Therefore, implementing unconscious bias training 
early on in medical education may also prove to be an effective 
way to prevent discrimination, invalidation, and microaggression 
from driving racial inequities in patient communication and 
ultimately health outcomes.

In order to maximize placebo effects and minimize the 
detrimental effects of nocebo, experts have encouraged clinicians 
to become familiar with placebo and nocebo effects and to 
educate their patients about the potential mechanisms of such 
effects. Similarly, experts advise clinicians to encourage 
conversation with patients about their needs and expectations 
about their treatment, and to frame information in a reasonably 
positive context and avoid negative contextual experiences 
(Barsky et  al., 2002; Colloca and Barsky, 2020).

CONCLUSION

In this paper, we  examined how healthcare inequities may 
be  driven in part by the absence of placebo and presence of 
nocebo effects. We focused on components of the patient-clinician 
relationship that can mediate nocebo and placebo effects disparately 
across populations. Poor communication, medical mistrust, and 
perceived discrimination are three components of care that could 
interact with placebo/nocebo mechanisms to influence downstream 

effects (Figure 1). Clinicians are not the only sources of negative 
anticipation; inattentive or discourteous non-medical staff, for 
example, can contribute to patient feelings of discrimination 
and lower ratings of patient satisfaction (Tajeu et  al., 2015). The 
short-and long-term effects of health inequities related to clinical 
care lead to devastating effects that have long term impacts on 
quality of life. Ideally, the systemic factors seeding the absence 
of placebo and presence of nocebo effects would be  reduced. 
In the short-term, understanding the underlying biological drivers 
of these effects is critical to identifying ways to shift and improve 
or prevent these harmful influences on patients.

The Latin root for “nocebo” is also found in the Hippocratic 
oath: primum non nocere, or “do no harm.” Through suboptimal 
clinical encounters marked by poor communication and 
inattention to interpersonal cues that could impact patient 
feelings of trust, evidence from the existing literature suggests 
that the potential for nocebo effects could be  increased among 
Black patients. In order to adequately serve patients and minimize 
the damaging effects of racism, steps should be taken to minimize 
nocebo and maximize placebo effects. Educating clinicians about 
their role in mitigating these factors would go a long way in 
increasing placebo and reducing nocebo in the clinical encounter 
to ensure the best care for patients. Further, placebo researchers 
and public health experts must collaborate to address the 
potential mechanism by which inequity in the clinical encounter 
affects long-term outcomes, experiences, and perceptions of care.
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Introduction: The effects of specific suggestions are usually studied by measuring
parameters that are directly addressed by these suggestions. We recently proposed
the use of a uniform, unrelated, and objective measure like maximal muscle strength
that allows comparison of suggestions to avoid nocebo effects and thus to improve
communication. Since reduced breathing strength might impair respiration and increase
the risk of post-operative pulmonary complications, the aim of the present study was
to evaluate the effects of the suggestions on respiratory muscle power. Both the
identification and neutralization of negative suggestions in the clinical context and
stimulating suggestions could improve breathing force, a predictor of physical fitness
and convalescence.

Methods: In 50 healthy, adult volunteers, respiratory muscle strength was measured
by maximal inspiratory and expiratory pressures, as well as by maximal inspiratory
and expiratory flows. Baseline was compared to values after application of eleven
suggestions, five out of clinical context, including memory of negative or positive past,
risk information for informed consent, and a non-verbal suggestion. Six stimulating
suggestions included self-affirmation, empowering words, a heroic mirror image,
and an imagination.

Results: All suggestions showed an impact on respiratory muscle strength, indicating
placebo and nocebo effects. No single parameter could represent the breathing force in
its complexity, however, trends and different specific aspects of it were measured. The
strongest reaction was observed with the recall of a previous negative situation resulting
in a reduction in expiratory flow to 96.1% of baseline (p = 0.041). After risk information, a
decrease was observed in three of the parameters, with the highest extend in expiratory
pressure by 4.4%. This nocebo effect was neutralized by adding positive aspects to
the risk information. Every intended strengthening suggestion resulted in statistically
significant increases of at least one parameter, with changes of up to 10% (e.g., MEP
110.3%, p = 0.001), indicating placebo effects. Here, expiration was more affected
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than inspiration. Sex was the only influencing factor reaching statistical significance,
with stronger reactions in women.

Conclusion: Respiratory muscle strength proved to be sensitive to suggestions with
clinical context, as well as suggestions intended for stimulation. With this objective
measurement, evaluation, and comparison of different suggestions is possible to help
avoid nocebo effects. The demonstrated effect of supporting suggestions can be
followed up and used in clinical practice.

Keywords: nocebo effect, placebo effect, suggestion, respiratory muscle strength, spirometry, flow, pressure

INTRODUCTION

The role of nocebo effects in medicine is increasingly recognized
(Häuser et al., 2012; Colloca, 2017; Hansen and Zech, 2019).
They can interfere with the well-being and health of the patients
and can jeopardize the therapeutic efficacy. Nocebo effects
and negative suggestions are often described as nonspecific.
Nevertheless, they are usually tested in a very specific manner,
namely according to the symptom addressed. For example, the
word “pain” can induce or increase pain (Lang et al., 2005), the
question about nausea can induce or aggravate nausea. Besides
these specific consequences of negative communication, there
are also more general effects, which are much more difficult to
measure for their complexity (e.g., immunoreactions) or delayed
effect (e.g., wound healing and recovery after an operation). We
recently conducted two studies on the impact of suggestions
from medical everyday life on maximal arm muscle strength,
an objective measure from physiology research (Zech et al.,
2019; Zech et al., 2020). This objective parameter allows the
identification of the nature of a suggestion (positive or negative),
the quantification of the effect, and their comparison, by
applying a uniform outcome parameter for different suggestions.
It enables the development, evaluation, and optimization of
alternative formulations of the suggestion and thus ultimately
communication improvement. In these studies, several non-
verbal and verbal presentations, inter alia sentences that included
the words pain and nausea, led to a significant reduction in
maximal arm muscle strength interpreted as a general sign of
a “weakening” of the patient. It is noteworthy that these effects
on muscular performance were observed without specifically
addressing muscle strength or physical activity and movement.
However, any impairment in muscular performance has a
high clinical impact. In times of fast-track surgery, patient
unimpaired recovery is an interdisciplinary goal aimed at early
and intensive mobilization, as well as physical and respiratory
training. Muscular weakness must be prevented as it may
cause complications such as stumbling and subsequent injuries.
Additionally, impaired muscular strength could alter breathing
and increase the risk of post-operative pulmonary complications
such as atelectasis and pneumonia (Dronkers et al., 2008; Kulnik
et al., 2014).

To clarify the validity of the latter apprehension of high
clinical impact, we performed a study on effects of suggestions
on breathing power, which will be reported here. Whereas
dynamometry of arm abduction is a relatively clear measurement

with defined and known muscles involved, breathing is a complex
muscular function that includes movements of the diaphragm
and thoracic muscles. Accordingly, several test parameters of
pressure and flow, inspiration and expiration were evaluated.
Some of the suggestions tested were identical to those analyzed
for impact on maximal arm muscle strength. However, it is
not only important to avoid nocebo effects and a weakening in
patients by identifying the negative nature of a suggestion, by
quantification of its effect, and by development of alternative,
neutral formulations. In addition to greater awareness of negative
influences and how to combat them, efforts can be made for
a positive impact. Therefore, we also included and evaluated
positive suggestions that could improve and increase breathing
power and strengthen the patient. This approach could support
communication for both prophylactic and therapeutic purposes.
We hypotheses, that suggestion have impact on respiratory
muscle strength.

MATERIALS AND METHODS

Design and Participants
After approval of the local ethics committee (EC University of
Regensburg, 13-101-0030), an experimental, prospective, cross-
over, within participants study was carried out with 50 healthy
volunteers after informed consent. The age of the participants
was limited to 18–65 years. Exclusion criteria were language
barriers or relevant health restrictions, particularly pulmonary
disease (Scoring > II in the physical status classification of
the American Society of Anaesthesiologists). Participation was
without financial compensation. Enrolment of participants, data
collection and evaluation were carried out by a medical student
under supervision as part of a doctorial theses. Validity and
reliability of the breathing parameters were achieved by extensive
training and supervision of the performing student by the
cooperating pulmonology lab.

Measurement of Lung Function
Lung function can be tested and analyzed by various parameters.
Spirometry that produces flow and volume values is used
to diagnose and classify diseases such as asthma or chronic
obstructive pulmonary disease (COPD), and to distinguish
obstructive from restrictive lung problems. Measurement of
respiratory muscle strength is used to assess risk and prevention
of post-operative complications such as atelectasis or pneumonia.
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The most important parameters of the respiratory muscles are
given by maximal flows and pressures.

In this study, the strength of the respiratory muscles was
evaluated with two different non-invasive technics: spirometry
and the measurement of airway pressure, according to the
recommendations of the European Respiratory Society
and the American Thoracic Society (American Thoracic
Society/European Respiratory Society, 2002). Peak inspiratory
and peak expiratory flow (PIF/PEF) in L/s, relevant for the
description of muscle strength, were obtained by spirometry.
The EasyOne-lineTM spirometer (ndd Medizintechnik AG,
Zürich, Switzerland) was used, measurements were recorded
with Easyware software. This software gives immediate feedback
about the quality of the breathing maneuver and initiates a repeat
if needed. Furthermore, the two airway pressures “maximal
inspiratory pressure” (MIP) representing the diaphragm,
and “maximal expiratory pressure” (MEP) representing the
abdominal, intercostal, and accessory musculature (Enright
et al., 1994) were measured in cmH2O. For these tests, the
device PTS2000 Version 4.0 (Puritan Bennett, Pleasanton, CA,
United States) and the software BreathLab PTS were used.
An accuracy of 2.5% is reported for spirometry and of 1% for
pressure measurements (Graham et al., 2019; Aymerich et al.,
2021). The tests took place after information, demonstration,
and practicing of the maneuver in a quiet, designated room
at the university hospital. To guarantee high standardization,
participants listened to recorded instructions for the prescribed
breathing maneuver. The measurements of airway pressures
were accompanied by “Fully exhale. Put the device in your mouth
and now inhale to the maximum. Continue breathing normally.
Take a deep breath. Now put the device in your mouth again
and exhale to the maximum. Continue breathing normally.”
Spirometry was guided by “Take a deep breath. Put the device in
your mouth and exhale to the maximum now. Keep going. And
now inhale to the maximum.”

Tested Suggestions and Application
The examiner gave verbal suggestions face to face, and visual
suggestions were shown on a tablet. Five suggestions were taken
from everyday clinical life during a hospital stay. Six further
suggestions were tested, all of which had an expected positive
influence on pulmonary muscle strength.

After the evaluation of a short medical history to exclude
relevant pre-existing disease, the breathing maneuver was
demonstrated, explained, and practiced with the test person.
After hearing the prescribed and recorded instructions,
the participants performed baseline values for spirometry
and pulmonary pressure, each three times. Three baseline
measurements were made at the beginning of the test and four
others in pairs of two during the test to recognize learning effects
or exhaustion. During the procedure, intended breaks were kept
and additionally given, whenever the test person reported being
out of breath, hyperventilation, or dizziness, as well as if baseline
values deviated by more than 10%. The suggestions listed in
Table 1 were presented personally by the examiner, followed by
recorded instruction. To help the participant keep the suggestion
in mind, the examiner repeated a short version during the

breathing maneuver. Suggestions were given in a randomized
order, using the Research Randomizer Version 4.0 (Urbaniak
and Plous, 2013). The only exception was the repetition of the
own empowering word, and this suggestion was tested at last. To
avoid influencing or accumulating effects, each suggestion was
separated from the next one through simple arithmetic tasks.
The whole test took about 60 min, within a tolerable framework.

Measurement of Suggestibility
To evaluate the dependency of results from differences
in susceptibility, e.g., the ability and willingness to follow
suggestions, each test person performed the Harvard Group Scale
of Hypnotic Susceptibility (HGSHS) (Shor, 1962; Bongartz, 1985)
in a short version in German with five items (HGSHS5:G) (Riegel
et al., 2021). This is a self-assessment test, taking about 25 min.
Following the common standard in suggestion or hypnosis
studies the tested subjects are assigned to low, intermediate, and
high suggestible, depending on the number of fulfilled items.

Sample Size and Statistical Analysis
This study was designed as an exploratory and hypothesis
generating trial with several clinically relevant endpoints.
Thus, no formal a-priori sample size calculation could be
performed. Nevertheless, the sample size is based on two
studies in similar settings (Zech et al., 2019; Zech et al.,
2020) with n = 50 participants or patients, respectively. We
expected comparable effects throughout the endpoints and thus
chose the same number of participants. As there have been
relevant interindividual differences regarding absolute values
of maximum respiratory strength, absolute values were set
in reference to the individual baseline value. With a normal
distribution of the relative parameters after suggestions, the
results were reported as mean and standard deviation (SD).
Differences between baseline and suggestions were analyzed
using the one sample T-test. To analyze possible influencing
variables such as age, sex, or suggestibility participants
were grouped into high (HS = HGSHS5:G 4-5) and low
(LS = HGSHS5:G 0-1) suggestible, male and female, as well as
younger (18–39 years) and older (40–65 years). The average
of all negative suggestions (negative changes in force) and all
positive suggestions (positive changes in force) for the four
measured parameters was compared between the groups using
the Mann-Whitney U test, as data were not normally distributed.
For better visualization, values of expiration and inspiration were
grouped and differences to baseline were analysed using the one
sample T-test. A p < 0.05 was considered statistically significant
for all tests. Because of the exploratory character of the study,
no adjustments for multiple hypotheses testing were made. All
analyses were performed with IBM SPSS Statistics, Version 26.

RESULTS

Baseline Characteristics
A total of 50 healthy volunteers were recruited for the study.
All of them could be included in the data analyses. In a survey,
29 (58%) were women, 21 (42%) were men. The mean age
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TABLE 1 | Wording of verbal suggestions and description of non-verbal suggestions taken from clinical practice and to improve breathing power.

Situation in the past Version A “Remember a situation, where something went really wrong. Everyone was disappointed in you,
including yourself. This was terrible. You were really ashamed.”

Version B “Remember a situation, when you were really successful and entirely satisfied with yourself.
Everything went so well—totally perfect.”

Risk information for
informed consent

Version A “If you wish, we can place a pain catheter, with the risk of infection, allergic reaction, and damage to
blood vessels or nerves.”

Version B “We have the option of a catheter to prevent discomfort. Even though there is a risk of infection,
allergic reaction, or damage to blood vessels or nerves you will have to take fewer pills, are more
mobile, feel and recover better, and maybe can go home sooner.”

Transportation to the OR “Imagine you are a patient in hospital. You are lying in bed, being brought to the operation room.
That is what you see.”

Self-affirmation (with
circular massage of a point
under the clavicula by two
fingers)

“It has been found that performance and feelings have a lot to do with motion and body sensation.
Please also do this movement. And now repeat the following sentence: Even if sometimes I am so
stressed and tired that I run out of breath, I like myself and accept myself as I am.”

Empowering word Given: fireball “Perhaps there is a fitting word for all your energy and inner strength, the epitome of strength. Let
me tell you a word like that: fireball!”

Chosen by the
participant

“Maybe you can find a much better word yourself. What would be such an empowering word for
you? When you find something, just nod. Now say that word for yourself. You can also speak it out
loud.”

Repetition of the
own empowering

word

"You had previously found your own strong empowering word. Recall now and feel how it works in
you. Think of your empowering word.”

Strengthening of
self-perception

Picture of a cat,
looking in a mirror
and seeing a lion

“Please look at this picture. Now close your eyes and imagine that you look in a mirror. What would
it be, what you see. Which animal, which hero would really give you strength? If you see your
reflection in front of you, please nod briefly.”

Inflating a balloon “Imagine, you have a balloon, you can inflate it. With every breath it gets bigger and bigger, until it is
big enough for you to fly away with it. Take deep breaths and inflate firmly!”

Four different parameters are measured to assess respiratory muscle strength after giving the suggestions face to face. To facilitate internalization of the suggestion, a
short version was repeated during the breathing maneuvers.

was 29.1 ± 12.7 years, with a range of 18–57 years (median
23.5 years). In a survey, 40 participants were categorized as
“younger” and 10 as “older.” Due to the individual physical
condition of the volunteers, the baseline values had a wide range,
as presented in Table 2. These values lie within the reference
normal ranges, but rather at the lower limit (American Thoracic
Society/European Respiratory Society, 2002; Gao et al., 2018).
The baseline values were reproducible with an intra-individual
variance of 5–10%, according to other publications aiming to
reach 10% reproducibility (Enright et al., 1994). Additional
spirometry results (i.e., FEV1, FEV) were collected and analyzed
(data not shown), demonstrating unimpaired lung function for
all participants. Suggestibility (HGSHS5:G) was not normally
distributed, with 25 patients (50%) scoring low suggestible and
seven patients (14%) high suggestible.

Changes in Respiratory Muscle Strength
After Suggestion
Both suggestions with clinical context as well as suggestions
intended for stimulation showed an impact on respiratory muscle
strength. No single one of the measured parameters can represent
muscular breathing force in its complexity; however, they can
reveal trends and different specific aspects of it. The values of the
breathing force after suggestions compared to baseline are given
in Figures 1, 2, with pressure and flow parameters considered

separately. Additionally, in Tables 3, 4 suggestions of clinical
context and of stimulating intention are given separately.

Effects of Suggestions With Clinical
Context
Three suggestions out of everyday clinic life were tested. Two
of them were presented in a presumed negative (A) and an
alternative presumably neutral or positive version (B), the third
was a presumably negative non-verbal suggestion. Almost every
suggestion changed the pressure and flow parameters in the
expected way, at least as a trend. The suggestion of a negative past
(as an example of taking a patient’s medical history) decreased the
values, whereas the positive past led to an increase over baseline.

TABLE 2 | Baseline values of respiratory muscle strength parameters stratified
according to sex.

Parameter Mean ± SD for male test
persons (min–max)

(N = 21)

Mean ± SD for female test
persons (min–max)

(N = 29)

MIP (cmH2O) −77.0 ± 29.2 (−125.9–−29.1) −50.8 ± 3.9 (−92.7–−22.3)

MEP (cmH2O) 89.1 ± 34.8 (30.3–158.4) 56.7 ± 16.8 (30.0–96.7)

PIF (L/s) 7.8 ± 2.4 (3.6–13.0) 4.4 ± 1.3 (2.4–7.0)

PEF (L/s) 9.0 ± 1.7 (5.7–12.5) 5.9 ± 1.3 (3.3–8.2)

MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; PIF, peak
inspiratory flow; PEF, peak expiratory flow; min, minimum; max, maximum.
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FIGURE 1 | Mean of maximal inspiratory and maximal expiratory pressure
after suggestions with clinical context or with a presumed strengthening effect
relative to baseline. MIP, maximal inspiratory pressure; MEP, maximal
expiratory pressure.

FIGURE 2 | Mean of peak inspiratory and peak expiratory flow after
suggestions with clinical context or with a presumed strengthening effect
relative to baseline. PIF, peak inspiratory flow; PEF, peak expiratory flow.

The strongest reaction was observed in PEF when recalling a
negative situation, with a significant reduction of 3.9%. After risk
information, a decrease was seen in all parameters except MIP,
with the highest extend in MEP by 4.4%. On the contrary, no
change from baseline was observed when positive aspects were
added to the risk information (version B), and all parameters
increased from version A to version B. The non-verbal suggestion
of a transport in a strict supine position impaired MEP and PIF,
but not MIP and PEF.

Effects of Suggestions With Intention of
Strengthening
Six suggestions were tested with the intention of increasing
respiratory muscle strength (Table 4). Every suggestion resulted
in a statistically significant change of at least one parameter.

Expiration was affected more than inspiration, particularly
noticeable for empowering words and in the case of inflating a
balloon, where MIP was not affected at all. A self-affirmation
resulted in a significant increase in MIP (by 6.4%) and in MEP
(by 4.9%) over baseline. The effects of an empowering word
were tested in three versions. The suggestion of a fixed or self-
selected empowering word resulted in statistically significant
higher values of the expiratory measures MEP (increase by 7.1%
or 10.3%, respectively) and PEF (7.4% or 5.7%, respectively).
Higher values of all parameters except PEF were achieved with the
self-selected word, whereas repetition of the own word showed
lower results. Participants asked to imagine a supporting or
heroic mirror image of their own had an increase in parameters,
predominantly in the inspiratory measures, in MIP by 4.7% with
statistical significance. The imagination to inflate and fly with
a balloon resulted in an improvement only in the expiratory
parameters. MEP increased by 6.7% and PEF by 2.6%, both with
statistical significance.

Contributing Factors
To evaluate factors contributing to the changes induced by
suggestions, the averages of all negative and of all positive
suggestions were compared between high and low suggestible
subjects, men and women, as well as older and younger
participants (Table 5). Only sex showed an impact of statistical
significance, with stronger reactions of female participants to
both positive and negative suggestions. A trend was observed
in the age groups, with more negative reactions of the elderly
participants. Additional regression analyses between suggestion
effects and suggestibility score confirmed a lack of correlation
(R2 < 0.01).

DISCUSSION

As a main finding, verbal and non-verbal suggestions impact the
clinically relevant outcome parameter breathing force. Negative
suggestions, common in everyday clinical practice, have negative
effects, resulting in a weakening of respiratory muscle strength.
That can be avoided by alternative, neutral formulations.
The application of positive suggestions improved parameters
of breathing force, and therefore should be implemented in
medical treatment.

Suggestions With Clinical Context
The tested suggestion of a negative past (Situation A) is of
high clinical relevance. Whenever doctors explore a medical
history, they push the patient back to negative memories. This is
unavoidable, but the doctor should be aware of the concomitant
effects. The results of this study show that the consequence is
a significant weakening of the breathing force. This confirms
measurements of maximal arm muscle strength in volunteers
(Zech et al., 2019) and patients (Zech et al., 2020), where the
same suggestion led to a significant weakening by 10.6 and 12.9%,
respectively. The reduction in muscular breathing force in this
study (average change in the four parameters) was considerably
lower, namely 2.5%. The clearest and statistically significant effect
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TABLE 3 | Effects of suggestions with clinical context on respiratory muscle strength parameters.

Suggestions MIP MEP PIF PEF

Mean ± SD p Mean ± SD p Mean ± SD p Mean ± SD p*

Situation in the past

Negative past 97.4 ± 16.3 ns 98.3 ± 16.5 ns 98.6 ± 8.0 ns 96.1 ± 13.0 0.041

Positive past 104.5 ± 18.2 ns 101.6 ± 13.9 ns 102.4 ± 14.8 ns 102.6 ± 10.5 ns

Risk information for informed consent

Version A 102.0 ± 15.6 ns 95.6 ± 17.8 ns 96.9 ± 16.8 ns 99.0 ± 11.8 ns

Version B 102.3 ± 15.9 ns 99.4 ± 17.9 ns 100.6 ± 19.1 ns 99.4 ± 7.9 ns

Transport in strictly supine position 99.8 ± 13.4 ns 96.4 ± 18.4 ns 96.4 ± 14.9 ns 100.6 ± 10.0 ns

After the determination of the baseline, suggestions were presented followed by a new measurement. Mean and SD of relative values compared to baseline (in %) after
suggestions are given.
*According to one sample T-test, results without significance are given as ns. MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; PIF, peak inspiratory
flow; PEF, peak expiratory flow. Significant p-values are indicated in bold.

TABLE 4 | Effects of intentionally strengthening suggestions on parameters of respiratory muscle strength.

Suggestions MIP MEP PIF PEF

Mean ± SD p Mean ± SD p Mean ± SD p Mean ± SD p*

Self-affirmation 106.4 ± 20.1 0.030 104.9 ± 15.6 0.035 101.2 ± 16.3 ns 101.8 ± 11.4 ns

Empowering word

Version A: “fireball” 100.0 ± 15.6 ns 107.1 ± 19.6 0.013 103.2 ± 16.9 ns 107.4 ± 9.6 <0.001

Version B: own power-word 103.4 ± 19.7 ns 110.3 ± 21.4 0.001 104.5 ± 16.9 ns 105.7 ± 10.6 <0.001

Version C: repetition of B 105.1 ± 20.0 ns 104.5 ± 18.9 ns 103.0 ± 13.9 ns 99.5 ± 9.9 ns

Bracing mirror image 104.7 ± 14.8 0.029 101.4 ± 14.6 ns 103.9 ± 15.4 ns 101.6 ± 9.3 ns

Inflating a balloon 99.4 ± 21.7 ns 106.7 ± 18.6 0.014 100.3 ± 14.1 ns 102.6 ± 8.8 0.040

After the determination of the baseline, suggestions were presented followed by a new measurement. Mean and SD of relative values compared to baseline (in %) after
suggestion are given.
*According to one sample T-test, results without significance are given as ns. MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; PIF, peak inspiratory
flow; PEF, peak expiratory flow. Significant p-values are indicated in bold.

was observed in the reduction by 3.9% in PEF. However, also in
the other parameters, there was a marked trend toward reduction.
In addition, other parameters of the spirometry, namely FVC,
FEV1, and MEF50, showed significant decreases by 4–5% with
this suggestion (data not shown). On the contrary, talking about
a positive past resulted in an increase in breathing force, by 4.5%
in MIP with a significant difference to version A. These results
(average change in the four parameters of 2.8%) are comparable
to the increase in maximal arm muscle strength by 3.3% seen in
patients (Zech et al., 2020). The extent of the strengthening effect
of this suggestion must not be considered small since it is given
in the medical context, which itself is rather negative. In addition,
a ceiling effect can be expected, indicated by a left-sloping in the
distribution of results after version “positive past,” where a further
increase of maximal performance is hardly achievable. Memory
of a positive past provides a solution for the weakening effect
of anamnesis and a negative past. At the end of the interview
about symptoms and medical history, the doctor could help the
patient get out of the induced muscular impairment by asking
about favorite sports before the illness or about plans for after
treatment and rehabilitation (positive future).

A main source of nocebo effects is the disclosure of
risk for informed consent (Miller and Colloca, 2011;

Wells and Kaptchuk, 2012; Evers et al., 2018). The risk
information tested for a pain catheter resulted in a slightly
negative effect, highest by 4.4% in MEP. Although more
prominent in the studies of arm muscle strength, nevertheless,
the alternative formulation of the suggestion avoided the
impairment and was neutral. Thus, the study confirms
the neutralizing effect of adding a positive suggestion and
expectation to the negative of risk information, for example,
by addressing the benefits of the treatment offered. Other

TABLE 5 | Comparison of the negative and positive average suggestion effects
between groups of suggestibility, sex, and age.

Contributing factor Average of suggestion effects p*

Suggestibility (group LS vs. HS) Positive 0.328

Negative 0.293

Sex (male vs. female) Positive <0.001

Negative 0.013

Age (group <40 vs. ≥40 years) Positive 0.417

Negative 0.110

*According to Mann-Whitney U test for unpaired samples. Significant p-values are
indicated in bold.
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options for a positive counterweight are attempts to avoid the
risks mentioned by prophylactic measures or close monitoring
allowing early detection of developing adverse effects and their
immediate therapy, and not least a possible own contribution of
the patient to the healing process, such as careful attention or
strengthening resilience (Hansen and Zech, 2019). Non-verbal
suggestion during a transport in strict supine position showing
only lights and ventilation ducts to patients, led to a marked
decrease in PIF and MEP (by 3.6%), and no effect in PEF and
MIP. In contrast to the results on arm muscle strength, the
changes in breathing force observed here did not reach statistical
significance. The relation between arm muscle strength and
respiratory muscle strength is still unclear. That additionally
raised the question, if a parameter like breathing which is so
essential for life, is also sensible to suggestions. Nevertheless,
the handgrip, which is also a marker for general strength, has
been identified as a predictor for respiratory muscle strength
(Enright et al., 1994).

In general, the study shows, as feared, nocebo effects
of common medical situations also on respiration. However,
together with previous studies on the same and other suggestions
from everyday clinical practice, it also demonstrates that
modification of the suggestions can neutralize these negative
effects, and thereby communication can be improved evidence
based. Because risk information given to obtain informed consent
is recognized as a major source of nocebo effects, improvements
are demanded (Miller and Colloca, 2011; Wells and Kaptchuk,
2012), and several proposals have been made (Evers et al.,
2018; Howick, 2021). However, they have been hardly specified,
tested, and validated. Some, like “framing,” have been evaluated
but found to have limited efficacy (Barnes et al., 2019). The
neutralization of the nocebo effect by adding positive aspects,
namely the benefit of the treatment, in direct connection, as
demonstrated here and in previous studies on arm muscle
strength, is an example of scientific and objective proof for
such an attempt.

Stimulating Suggestions
With indications of nocebo effects, their avoidance or
neutralization is not the only option and goal. There is also
the option of induction of positive effects. Specifically, in this
case of observing impairments of breathing force by suggestions
taken from clinical context, it is about how to improve breathing.
Again, this was not aimed at by suggestions targeting breathing
or muscle force, or by breathing exercises, but by suggestions
dealing with self-affirmation and self-strengthening, i.e.,
supporting healing and health in general. The question was
therefore rather whether interventions directed to improve the
medical situation and well-being of patients also have effects
on breathing force. One of the positive suggestions tested was
taken from Process- and Embodiment-focused Psychology
(PEP) according to Michael Bohne (Wittfoth et al., 2020). It
combines a movement of the hand and body sensation with
words of self-affirmation. This intervention resulted in a marked
increase in breathing force (on average by 3.8%), statistically
significant in the pressure parameters MIP and MEP. Therefore,
the subjective strengthening of the patients observed with this

psychotherapeutic intervention was confirmed by objective
measurements and parameters. This can be taken as a further
example of how psychotherapeutic approaches usually traced
by subjective assessments and scores can be quantified and
objectified by physiological test systems (Hansen and Zech,
2019). Another intervention tested concerned the use of an
empowering word. The presentation of the offered word
“fireball” resulted in an increase in breathing force (on average
by 4.4%), significant for the expiratory parameters MEP and
PEF. The offer of an own empowering word increased the
positive effect (to an average increase of 6.0%). The repetition
of the chosen own word showed a reduced efficacy of this
stimulating suggestion (to 3.0% on average), with a further
increase only in MIP. Interestingly, a single word proved to be
effective in strengthening the breath. The idea of looking into
a mirror and seeing a power animal or a hero as the reflection
increased breathing force, significant for MIP with an increase
by 4.7%. Only one tested suggestion actually had a connection
to breathing: the idea of inflating a balloon together with the
metaphor of flying away with it. This intervention resulted in
significant increases in the expiratory parameters PEF and MEP,
with no effects on PIF and MIP. It can be taken as evidence that
inspiration and expiration can be influenced separately.

Comparison With the Literature
In a recent review on the effects of placebo and nocebo, including
on physiology, the authors state that “lung function is rarely
affected” (Wolters et al., 2019). All these trials have studied the
effects of suggestions on dyspnoea in asthmatic patients and
in some found some effects on self-reported symptoms, but no
effect on measures of lung function beside bronchodilatation
or bronchoconstriction (Isenberg et al., 1992). The parameters
used mainly in asthmatic patients and these studies are FVC
and FEV1 from spirometry and not parameters of muscular
respiration performance. Others have studied the effect of
suggestions in non-asthmatic healthy subjects, again with regard
to bronchodilatation and bronchoconstriction and measuring
respiratory resistance, not muscular components of breathing
(Wigal et al., 1988). Performance of respiratory muscles was
measured in a study in which pre-operative inspiratory muscle
training was used in surgical patients to reduce post-operative
pulmonary complications (Dronkers et al., 2008). Extensive
training led to an increase in MIP by 10% (without statistical
significance), while in our study the effects of verbal suggestions
were immediately seen. The effect of training diminished within
6 days, while in the present study the repetition of an empowering
word lost its effectiveness. Similarly, Kim and Sapienza (2005)
consider MIP and MEP most appropriate to monitor training
of elderly in expiratory muscle strength to improve breathing
and cough to prevent atelectasis and aspiration, and call for
respective studies. In a review, 24 studies were reported using
expiratory muscle strength training (EMST) to increase MEP
and airway protection, and to avoid post-operative pulmonary
complications (Laciuga et al., 2014). However, in all these training
programs and studies, verbal suggestions are not included or
mentioned. All reports in the literature on suggestion, placebo
and nocebo effects concerning respiration dealt with ventilation
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rate, bronchoconstriction, or bronchodilatation, and did not
include measurements of breathing force (Wigal et al., 1988;
Barber, 1996; Wolters et al., 2019). Therefore, it seems that our
study is the first report of suggestion effects on the function of
the breathing musculature and strength.

Rating of Effects and Differentiation of
Parameters
Most parameters of pulmonary function tests are directed at
identifying restriction (impairment of lung volume) or resistance
(impairment of airway by bronchoconstriction). Muscular
functions in breathing can be monitored by maximal inspiratory
and expiratory flows, representing the strength of abdominal and
intercostal muscles, and by the respective pressures, representing
the strength of the diaphragm (Chen and Kuo, 1985; Enright
et al., 1994). Many studies provide evidence that respiratory
muscle weakness is associated with adverse clinical outcomes,
that MIP and MEP are the most appropriate parameters, and that
specific training aimed at strengthening can improve outcome
(Schellekens et al., 2016). This study provides evidence that verbal
suggestions taken from a clinical context or aimed at supporting
have an impact on the muscular components of breathing. The
observed effects on breathing force were rather small and to
varying extent of statistical significance, probably due to the
limited number of persons tested. However, they showed a
consistent trend, allowing for an evaluation and rating of the
direction in which the suggestions affected persons. Even with
this limitation, it should be kept in mind that the suggestions
were investigated and quantified and compared using objective
measures in contrast to common subjective evaluations. The
weakening effect of suggestions from clinical everyday life on
breathing force was less strong than on maximal arm muscle

strength, which can be taken as evidence that impaired breathing
as a vital function is better protected against external influences.
The nature of the effects remains unclear. Some may be explained
by induction of an expectation, and thus as a nocebo effect (e.g.,
risk information A) or a placebo effect (e.g., self-perception as
a hero). Reactions to memory of a negative or positive past
can be taken as a conditioning effect. Other suggestions could
gain their effectiveness in other ways (Hansen and Zech, 2019).
The analysis of contributing factors only showed an effect of
sex, with a stronger reaction of women to both positive and
negative suggestions. A similar correlation was reported when the
suggestion effects were tested by maximal arm muscle strength
(Zech et al., 2020). The lack of significance of suggestibility
scores is not surprising and was also reported in studies of
placebo/nocebo effects on the pulmonary airway, of suggestion
effects on maximal arm muscle strength, and in several clinical
situations (Isenberg et al., 1992; Montgomery et al., 2011; Zech
et al., 2020).

The effects of encounters, events, and suggestions on
respiration can be very different: surprises can stop our
breathing, in great moments we take a deep breath, a passed
danger makes us exhale with a “puh.” Consequently, it is not
surprising that we observed different reactions in the various
parameters of breathing force compared to the suggestions
tested (Figure 3). The expiration parameters were more affected
than the inspiration by memory of a negative past and the
risk information for informed consent (reduction) or by an
empowering word (increase). Self-strengthening by a hero mirror
image had more effect on inspiration, the idea of blowing up
a balloon and flying away more effect on expiration, which
is expectable. Other parameters of spirometry, such as forced
vital capacity (FVC) or forced one-second-capacity (FEV1) were

FIGURE 3 | Impact of suggestions on the inspiratory (PIF, MIP) and expiratory (PEF, MEP) parameters of breathing force. MIP, maximal inspiratory pressure; MEP,
maximal expiratory pressure; PIF, peak inspiratory flow; PEF, peak expiratory flow. ∗p < 0.05 according to one sample T-test.
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hardly affected, especially not stimulated (data not shown). Only
memory of a negative past resulted in marked and significant
decreases in the latter two parameters, as an indication of
a nocebo effect.

One for All
The use of one parameter to measure, objectify, and quantify
different placebo- and nocebo-effects is a unique new attempt
(Hansen and Zech, 2019). Usually, the measurement is directed
specifically toward the given suggestion and induced expectation.
Risk information, for instance, about nausea, is followed by
looking at the incidence and severity of nausea afterwards. This
specificity prevents a comparison with the nocebo effect of
providing risk information, i.e., on pain. What can be compared
are the incidences of nausea on one side and pain on the other
side. However, these are artificial categories. Nausea or pain must
reach a certain level to be recognized and classified as “nausea”
or “pain,” resulting in a certain number of patients with these
symptoms. Is it not much more likely that in reality suggestions
cause expectations and nocebo effects in all patients, though to
varying degrees? This is what can be measured using an unrelated
parameter like arm muscle strength or like breathing force in the
present study: an uncategorized continuous range of effect. The
11 suggestions tested, except one, were not related in the sense of
not being directly aimed at breathing.

In addition, the test parameters were objective measures in
contrast to subjective parameters such as nausea or pain. This
is even more important in the clinical context with the goal
of improving communication. With a uniform parameter, the
formulation and testing of alternative suggestions are supported,
resulting in improvements and optimization of doctor-patient
communication. Finally, using an unrelated outcome parameter
turns the focus to a wider range of effects. When a suggestion
induces an unspecific effect on muscle strength or breathing
power, then it might be a surrogate for more general effects such
as healing, immune surveillance, or resilience.

Limitations
Studies on breathing and its muscular component breathing force
are in general limited by its complexity and the lack of a unified
and simple parameter. In this exploratory experimental study,
only 50 healthy test persons were included. It is conceivable, that
results in patients or participants with respiratory disease would
have been clearer, as we have already seen testing the impact of
suggestions on arm muscle strength (Zech et al., 2019; Zech et al.,
2020). The limited number can explain that in spite of a rather
uniform trend the results reached statistical significance only in
some and varying parameters of breathing force. Furthermore,
these respiration parameters show a high individual variation,
which works against precision. Spirometry and measurement of
respiration pressures are rather elaborate and exhausting tests,
which is why the test session in this study did not exceed
1 h. For that reason, the number of items to be tested in one
session is limited, making it difficult to directly compare various
formulations, which would be the great advantage of using a
uniform target parameter. The duration of the induced effects
was not determined. Therefore, the usefulness, for example, of

stimulating suggestions to support post-operative respiration
remains unclear. However, the diagnostic value to identify and
quantify the effects of placebo and nocebo is independent of
their duration, and, in contrast, a long-lasting effect would
make it impossible to test and compare several suggestions in
one test session.

Conclusion
The evaluation of placebo and nocebo effects is often limited
because the measurement parameter is chosen according to the
specific suggestion (e.g., pain is measured following a procedure
suggested to be painful), and other effects are not monitored,
or subjective measures are used like pain score, feeling of
nausea, or itch. Besides, often graduated parameters are used
that categorize the effect (e.g., the number of patients with a
certain symptom is evaluated in the verum and the placebo
group), and continuous effects, i.e., smaller effects in the other
patients are ignored.

Using physiological parameters such as maximal arm muscle
strength or in this study spirometry and breathing pressures
allows objective measurement of a continuous variable in
all tested persons, evaluation and comparison of different
suggestions, and extending the view from specific to more general
effects. The most important finding is, that the breathing force
is a clinically relevant parameter which can be influenced in
both directions with suggestions. There is the need to avoid
or neutralize impairments and indications to support and
enhance this function. This study can sensitize anyone working
in medical fields, that the way we communicate has impact
on the patient and might influence the outcome. Accordingly,
positive suggestions should be used, and negative ones avoided.
Further research should study the impact of suggestions on other
physiological parameter and evaluate our findings in patients.
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This Perspective adapts the ViolEx Model, a framework validated in several clinical 
conditions, to better understand the role of expectations in the recovery and/or maintenance 
of musculoskeletal (MSK) pain. Here, particular attention is given to the condition in which 
dysfunctional expectations are maintained despite no longer being supported by 
confirmatory evidence (i.e., belief—lifting the arm leads to permanent tendon damage; 
evidence—after the patient lifts the arm no tendon damage occurs). While the ViolEx 
Model suggests that cognitive immunization strategies are responsible for the maintenance 
of dysfunctional expectations, we suggest that such phenomenon can also be understood 
from a Bayesian Brain perspective, according to which the level of precision of the priors 
(i.e., expectations) is the determinant factor accounting for the extent of priors’ updating 
(i.e., we merge the two frameworks, suggesting that highly precise prior can lead to 
cognitive immunization responses). Importantly, this Perspective translates the theory 
behind these two frameworks into clinical suggestions. Precisely, it is argued that different 
strategies should be implemented when treating MSK pain patients, depending on the 
nature of their expectations (i.e., positive or negative and the level of their precision).

Keywords: nocebo effects, contextual factors, pain, musculoskeletal, physiotherapy, expectation, predictive 
brain, placebo effects

INTRODUCTION

Musculoskeletal (MSK) pain is ranked at the top of non-communicable diseases (Safiri et  al., 
2021), representing a profound burden for all socioeconomic and healthcare systems worldwide 
(Briggs et  al., 2020). Although most MSK pain states have a good prognosis, there is a 
substantial proportion of patients who do not show spontaneous remission or do not respond 
favorably to first-line interventions and usual care, thus developing long-lasting symptoms, 
disabilities, and participation loss (Blyth et  al., 2019).

The management of these patients is challenging because their subjective complaints (i.e., 
level of disability) rarely correlate with clinical and radiological findings (i.e., structural impairments; 
Rondoni et  al., 2017; Tonosu et  al., 2017; Viceconti et  al., 2020). Thus, the lack of an identifiable 
pathology observed in various MSK diseases (i.e., low back pain and fibromyalgia) can have 
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clinical implications. On the one hand, patients may repetitively 
seek care, thus adopting unhelpful health-seeking behaviors. For 
example, they may contact various health care providers (Ng 
et  al., 2020), overuse health services (Sajid et  al., 2021), request 
complementary and alternative medicine (Setchell et  al., 2021), 
and misuse drugs (Ashaye et  al., 2018). On the other, clinicians 
risk to invalidate patients’ experience (De Ruddere et  al., 2013), 
offer contradictory explanations about their condition (Bunzli 
et al., 2013; Mannion et al., 2013), and generic diagnoses (Yunus, 
2007). As a result, patients often experience negative emotions 
and adopt unhelpful coping strategies (i.e., catastrophic thinking, 
avoidance of movement), which are, per se, capable of worsening 
their clinical conditions and foster symptoms persistence (Bunzli 
et al., 2015; Darlow, 2016). Moreover, they may develop negative 
expectations about the course of their illness and the likely 
outcomes (Kravvariti et al., 2018, 2021; Thomaidou et al., 2021).

Negative expectations impact MSK pain (Hallegraeff et  al., 
2012; Geurts et  al., 2017; Hayden et  al., 2019; Fishbain and 
Pulikal, 2020; Mohamed et  al., 2020), playing a significant role 
in transitioning from acute to persistent pain (Manai et  al., 
2019), and maintaining symptoms (Blasini et  al., 2017; Klinger 
et  al., 2017). Moreover, they can bias symptom perception 
(Handley et al., 2013; Bagaric et al., 2021) and reduce treatment 
effectiveness (Colloca et  al., 2018; Corsi et  al., 2019), inducing 
nocebo-related effects (Petrie and Rief, 2019; Benedetti et  al., 
2020). Within the MSK context, nocebo-related effects refer 
to those negative responses that follow treatment administration 
(i.e., painkillers, manual therapy, and therapeutic exercises) 
associated with a negative expectation (Rossettini et al., 2020a). 
Investigating patients’ beliefs and expectations represent a priority 
for clinicians treating MSK pain (Lewis and O'Sullivan, 2018; 
Caneiro et al., 2020; Lin et al., 2020; Cook et al., 2021; Hutting 
et  al., 2021; Lewis et  al., 2021). However, such practice is not 
routinely implemented in clinical practice (Rossettini et  al., 
2019, 2020c). As emerged in previous surveys, clinicians involved 
in MSK care report difficulties in managing patients’ expectations 
and avoid nocebo-related effects (Palese et  al., 2019a; Cadorin 
et  al., 2020; Rossettini et  al., 2020b; Bisconti et  al., 2021). This 
lack highlights the need for clinicians to have a framework 
that they can apply in everyday practice.

This Perspective has two aims. First, to provide clinicians 
with a better understanding of why some MSK patients hold 
on to their negative expectations. To this end, we  will adapt 
the ViolEx Model (Kube et  al., 2020) and the Bayesian brain 
hypothesis (Büchel et  al., 2014). Second, we  suggest some key 
strategies that clinicians can use to help patients update their 
dysfunctional expectations based on the theoretical frameworks  
discussed.

THE ViolEx MODEL AND THE 
BAYESIAN BRAIN

The ViolEx Model
When patients receive a MSK treatment, they can either “get 
what they expect” or “not get what they expect.” The ViolEx 
Model offers an interesting description of the possible outcomes 

and consequences of such expectations match/mismatch (Kube 
et al., 2020). The starting point of this model is that individuals 
develop expectations that are based on their own experiences: 
if a patient with neck pain has a negative past experience 
with therapeutic exercises, it is likely that this patient will 
have negative expectations regarding such treatment in the 
future. Moreover, expectations are also shaped by personality 
traits: that is, neuroticism, pessimism, and trait anxiety have 
been associated with a tendency to expect worse outcomes in 
situations perceived as threatening (Barlow et  al., 2014). On 
the whole, these expectations produce an internal model of 
“if A-then-B,” that is “if I  do this exercise (A) then I  will 
experience side-effects (B).” When the internal model is 
consolidated, three different scenarios can occur. In the first 
scenario, reality matches the internal model and expectations 
are confirmed and reinforced: it means that the patient performs 
the exercise, the exercise produces side effects leading to a 
consolidation and reinforcement of negative expectations. The 
consequence is that the patient will learn that the treatment 
produces negative effects and he/she will therefore seek a 
different intervention in the future (Figure  1A; expectation  
confirmation).

In the second scenario, reality does not match the internal 
model and expectations are violated: it means that the patient 
performs the exercise and does not experience negative side 
effects. Thus, two possible outcomes can occur: expectations 
can be  updated, based on the newly acquired information 
(i.e., the patient experiences that the prior negative expectations 
toward the exercise was wrong and learns to no longer be worried 
about such treatment; Figure 1A; expectation violation followed 
by an update), or they can be maintained, despite the disproving 
evidence (i.e., despite treatment intake is not followed by the 
predicted negative consequences, the patient persists in believing 
that the exercise is likely to be followed by negative side effects; 
Figure  1A; expectation violation followed by dysfunctional 
beliefs maintenance).

Out of these three scenarios, the third is the problematic 
one. The ViolEx Model explains this last scenario introducing 
the concept of “cognitive immunization,” which indicates the 
engagement of strategies adapted to reappraise new information 
in such a way that the discrepancy between the evidence and 
the prior expectation is reduced, contributing to the maintenance 
of negative beliefs, despite the occurrence of conflicting events 
(Rief and Petrie, 2016; Rief and Joormann, 2019; Kube 
et  al., 2019b).

Recently, the ViolEx Model has given interesting insights 
into clinical conditions such as depression (Kube et  al., 2017; 
Rief and Joormann, 2019). Precisely, patients suffering from 
depression have been shown to maintain negative beliefs, even 
when presented with positive evidence disconfirming their prior 
negative beliefs (i.e., the example of Figure  1A; expectation 
violation followed by dysfunctional beliefs maintenance; Korn 
et  al., 2014; Liknaitzky et  al., 2017; Everaert et  al., 2018). 
Interestingly, Kube et al. (2019a,b) have successfully demonstrated 
that by delivering instructions either promoting or discouraging 
cognitive immunization, it was possible to enhance negative 
expectations maintenance or to reduce them, respectively, 
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demonstrating that cognitive immunization is likely to underlie 
dysfunctional expectations maintenance. Another interesting 
finding is that healthy individuals have been shown to have 

a positive bias, meaning that they are less likely to update 
positive priors if presented with contradictory negative evidence 
(Sharot et  al., 2007, 2011, 2012; Garrett and Sharot, 2017), 

A

D

E F

B C

FIGURE 1 | The ViolEx Model and the Bayesian Brain: from theory to clinical practice in musculoskeletal (MSK) pain. The ViolEx Model (A) and the Bayesian brain 
(B,C). Image (A) is a schematization of the ViolEx Model showing different outcomes depending on whether the violation of expectations is followed by immunization 
or change, resulting in either expectations maintenance or expectations updating, respectively. Image (B) is an example in which a prior with a high level of certainty 
is considered reliable and therefore undergoes minimal updating, while the interpretation of the sensory data is shifted toward the prior, resulting in a biased percept. 
Image (C) is an example in which a prior with a low level of certainty is updated to better fit sensory data, resulting in a posterior which is a better proxy of the 
sensory information. Examples of clinical scenarios (D–F). Image (D) shows a typical clinical situation in which the clinician asks the patient with MSK pain to 
perform a basic exercise (lift the arm), while the patient is reluctant to do it due to their negative expectations (i.e., pain/injury). The patient finally agrees and lifts the 
arm, without facing negative consequences. Such situation may result in two different outcomes: in (E) the positive experience associated with the exercise leads to 
the violation of the patient’s negative expectation with an update (low prior); whereas in (F) the positive experience associated with the exercise is not sufficient to 
violate the patient’s negative expectation, thus maintaining the previous experience (high prior).
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yet, such bias is abolished in the presence of perceived threat, 
in which case they become more responsive to the newly 
acquired negative evidence, updating their expectations (Sharot 
et  al., 2007, 2011, 2012; Garrett and Sharot, 2017). This could 
be  an important finding given that MSK pain patients report 
high threat perception linked to their experience of pain 
(Ochsner et  al., 2006; Turk and Wilson, 2010); accordingly, 
this could indicate that MSK pain patients (similarly to depressed 
ones), become more susceptible to negative evidence, promoting 
the maintenance of dysfunctional expectations. Accordingly, it 
has been shown that patients with somatization syndrome (Rief 
et  al., 2006) and MSK pain (Traeger et  al., 2019; Barbari et  al., 
2021; Barth et  al., 2021; Cashin et  al., 2021; Cheung and 
Soundy, 2021; Jones et  al., 2021) do not often use positive 
reassurance and education to update their negative dysfunctional 
beliefs and expectations.

Overall, previous research has shown the ViolEx model to 
be  a valuable framework to better understand dysfunctional 
expectations maintenance in some clinical populations; therefore, 
we  suggest that such model should be  used to understand 
pain in MSK patients. In the daily practice clinicians often 
see MSK patients maintaining their dysfunctional expectations 
even if positive and reassuring evidence are provided (i.e., 
ViolEx Model; Figure  1A, scenario three). A good example 
is the case of patients that expect that their shoulder would 
break if they lift their arm (Figure 1D). When patients manage 
to fully lift their arm under the clinician supervision, and 
realize that their shoulder does not snap, the positive scenario 
(interiorizing that they can lift their arm without any negative 
consequences; Figure  1E) is less likely than the negative one 
represented by the “cognitive immunization” strategies 
(interpreting the event as lucky or as an exception to the rule; 
Figure 1F). Although this model is yet to be empirically tested 
upon MSK patients, it is likely to suggest that dysfunctional 
expectations maintenance and cognitive immunization strategies 
are recurrent in this clinical population.

Although cognitive immunization explains why dysfunctional 
expectations are maintained, it is yet to be  understood why 
some patients implement such strategies to protect their negative 
beliefs and why others do not, updating their negative 
expectations with new positive evidence. We  suggest that such 
differences in updating responses can be  understood, at least 
to some extent, from a Bayesian perspective.

The ViolEx Model From a Bayesian 
Perspective
From a Bayesian perspective, our brain is conceptualized as 
a predictor machine that generates predictions, known as priors, 
about the expected sensory inputs. The integration between 
the prior and the sensory input results in a posterior (the 
percept), which can be  more or less influenced by the prior 
and by the sensory data, depending on their level of precision 
(i.e., data encoded as probabilistic representatations; Friston, 
2008, 2010; Büchel et  al., 2014; Seymour and Mancini, 2020). 
Within this framework, a prior with high precision is considered 
reliable and, therefore, will exert greater influence on the 

interpretation of the incoming sensory input, resulting in a 
posterior (i.e., percept) which is biased toward the prior 
(Figure  1B). Differently, a prior with low precision will 
be  considered unreliable, and therefore, will be  given less 
consideration when interpreting the incoming sensory input, 
resulting in a posterior (i.e., percept) that is a better proxy 
of the sensory data (Figure  1C). Consider a sensory input 
which does not match the prior; if the prior has higher precision 
this is likely to result in a smaller prediction error (PE) (i.e., 
since the percept is biased toward the prior, there will be  less 
discrepancy between the prior and the percept), compared to 
a prior with less precision (i.e., since the percept is a better 
proxy of the sensory information there will be more discrepancy 
between the prior and the percept), resulting in greater prior 
updating in the latter case (Friston, 2008, 2010; Büchel et  al., 
2014; Seymour and Mancini, 2020).

With this Bayesian model in mind, it is possible to better 
understand the second and third scenarios of the ViolEx Model 
discussed in the previous section (Figure  1A; Kube et  al., 
2020). Precisely, expectation violation followed by update could 
be  attributed to one’s having a prior with low precision which 
is updated accordingly with the newly acquired evidence (i.e., 
according to this view, the patient who is shown that lifting 
their arm does not lead to their shoulder to break and therefore 
updates such dysfunctional belief does not have a highly 
confident negative prior).

Differently, expectation violation followed by the maintenance 
of the dysfunctional belief would be  understood as the 
consequence of one’s having a highly precise prior which is 
considered highly reliable, and therefore, the newly acquired 
disconfirmatory evidence is not sufficient to disproof and update 
such strong prior. Indeed, the attribution of high certainty to 
such prior can motivate the engagement of higher-order cognitive 
strategies, such as cognitive immunization (Kube et  al., 2017). 
For example, MSK patients that, during a clinical session, 
manage to lift their arm without any negative consequences 
to their shoulder but still belief that lifting the arm will 
eventually lead to their shoulder to break, are likely to have 
a highly precise prior and might discard the positive evidence 
(success in lifting the arm) which might be  classified as an 
exception instead of the rule (example of cognitive immunization; 
Figure  1F).

As we  have suggested here, the Bayesian framework can 
give further insights into the mechanisms of expectations 
updating described by the ViolEx Model. Yet, it is important 
to highlight that these two accounts differ in one major aspect. 
While the ViolEx model is cognitivist in nature; that is, it is 
premised on the existence of cognitive states called “expectations” 
and is concerned with the relation between expectations and 
symptoms independently of discussions of neuronal processes 
(Kube et  al., 2020), the Bayesian brain hypothesis (also called 
“predictive processing”) is a theory of brain function, not a 
cognitivist theory. From a Bayesian brain perspective, 
“expectations” are probabilistic predictions about the body and 
the world that are encoded at the level of neuronal populations. 
Indeed, the validity of Bayesian brain as a scientific theory 
rests on the actual existence of priors and PE at the neuronal 
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level (Downey, 2018; Seymour and Mancini, 2020). However, 
although the Bayesian perspective does not assume that a 
positive expectation communicated to the patient from the 
clinician on a conscious level translates directly into a prior 
with higher precision, this cannot be  excluded. In the case of 
pain, new research is successfully applying the Bayesian 
framework to the cognitive domain, exploring whether priors 
are translated directly at the conscious level (Mancini et  al., 
2021). Accordingly, it has recently been shown that humans 
can explicitly predict the likelihood of incoming pain intensities 
in a way that is consistent with Bayesian inference (i.e., not 
only conscious predictions were measured but also the conscious 
confidence of such predictions; Mancini et  al., 2021). The 
possibility that the Bayesian brain hypothesis can extend to 
the description of cognitive functioning is indeed exciting, yet 
further research is needed before drawing such conclusions.

A crucial point, that is the second aim of this perspective, 
is to use these models to create clinical strategies to treat 
dysfunctional patients’ expectations in order to maximize 
treatment effectiveness, avoiding nocebo-related effects. In the 
following section, we  offer a clinical framework for assessing 
and addressing MSK patients’ expectations aimed to avoid 
nocebo-related effects during all phases of the therapeutic 
encounter (i.e., history taking, physical examination, and 
therapeutic administration; Palese et al., 2019b; Rossettini et al., 
2020a; Thomson and Rossettini, 2021).

DISCUSSION

Clinical Opportunities
Since expectations and priors can critically change patients’ 
perception and adherence to a clinical treatment, their assessment 
and management are crucial steps in the clinical practice 
(Figure  2).

In the clinical encounter, clinicians can start using open 
questions (i.e., “What do you  expect from this therapy?”; “How 
do you  expect the course of this condition will be?”; Laferton 
et  al., 2017; Rossettini et  al., 2018) or specific questionnaires 
self-completed by the patients (i.e., the EXPECT Questionnaire, 
the Expectation for Treatment Scale; Jones et  al., 2016; Barth 
et  al., 2019) to assess both the direction (i.e., positive or 
negative) of expectations and the strength of the patients’ priors 
(i.e., high or low precision). This first step is important because 
depending on patients’ expectations, different strategies can 
be  used. If expectations are positive, the clinician should 
reinforce them through verbal suggestions associated with 
evidence-based treatments for the MSK pain (Rossettini et  al., 
2018). On the other hand, if the expectations are negative, 
the clinician has two different strategies to address them: 
optimization or violation (Peerdeman et  al., 2016; Kube 
et  al., 2018).

In MSK pain, patient education and reassurance are examples 
of optimizations (Louw et al., 2016; Bulow et al., 2021), adopted 
in clinical settings, to provide information, reconceptualize 
beliefs and facilitate patients’ ability to cope with their condition 
(Watson et al., 2019). Instead, manual therapy (i.e., mobilization 

with movement and symptom modification procedure), 
therapeutic exercise (i.e., active range of motion tasks), and 
virtual reality (i.e., immersive scenario; Geneen et  al., 2017; 
Gumaa and Rehan Youssef, 2019; Ahern et al., 2020; Bordeleau 
et  al., 2021; Brea-Gomez et  al., 2021; Satpute et  al., 2021; 
Tsokanos et  al., 2021) are examples of successful violation 
strategies commonly adopted to reduce pain and disability 
(Zusman, 2013a,b; Rabey et  al., 2017; Bialosky et  al., 2018; 
Geri et  al., 2019; Cerritelli et  al., 2021). From a Bayesian 
perspective, both optimization and violation can be considered 
as bottom-up inputs that clinicians can offer to patients to 
challenge the negative expectations of the patient, facilitating 
their updating (Friston, 2012). While optimization aims to 
modify one’s priors by working at a high cognitive level (i.e., 
providing a new understanding of the pain by explaining how 
it works; Doering et  al., 2018), violation strategies challenge 
one’s dysfunctional beliefs by providing first-hand disconfirmatory 
evidence with experience (Craske et  al., 2018), which in turn 
can be  used to update the negative priors. Since there are 
currently no criteria to guide the clinicians on which strategy 
to use first (optimization first or violation first; Peerdeman 
et  al., 2016; Kube et  al., 2018), we  suggest a clinically oriented 
choice which should depend on the level of precision of patients’ 
priors (as assessed during the clinical encounter).

Let us consider a patient that is scared of squatting because 
they have once read on social media that squatting repeatedly 
can ruin the cartilage of their knee. The clinician assesses the 
strength of patient’s expectations (i.e., the clinician discovers 
that the patient is aware that social media are full of fake 
news and is aware that the information about squatting and 
cartilage damage might not be  true) and establishes that the 
negative expectations are likely to have low precision. In this 
case, we suggest that clinicians could use optimization strategies 
first (i.e., reducing unrealistic beliefs about possible side effects 
through education; Doering et  al., 2018) and then violation 
strategies (Craske et  al., 2018). By doing so, expectations are 
first challenged at the cognitive level via optimization, while 
violation is used at a later stage to further challenge dysfunctional 
expectations with experience. Since patients’ expectations are 
not so rooted, we would expect them to update easily, resulting 
in observable positive changes sooner rather than later (i.e., 
within a session or after a reduced number of treatments).

Instead, consider patients having negative expectations with 
high precision (i.e., believing that their cervical disk herniation 
is a severe condition limiting all neck movements). When 
clinicians understand that such negative expectations are firmly 
rooted in the patients’ minds (i.e., the patient that knows, 
mainly through word-of-mouth, several people whose herniation 
got worse because they were too active and sporty, and is 
therefore convinced that movement is bad for this type of 
condition), we  suggest inverting the two strategies (violation-
optimization) to avoid ruining the therapeutic alliance. If clinicians 
insist on telling patients information that goes against their 
strong expectations (i.e., optimization), patients might start 
losing trust in the clinicians—in other words, telling patients 
things that they do not want to hear can be  counterproductive 
(Laferton et al., 2017; Rossettini et al., 2018). Instead, we propose 
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focusing on building trust (i.e., listening to the patient, without, 
at first, saying things that are directly in contrast with their 
view), meanwhile using violation strategies so that patients can 
disproof their expectations for themselves (e.g., providing pain-
free experiences with manual therapy, exercise, and virtual 
reality). Later, when patients are more open to hearing information 
against their initial beliefs, clinicians can use optimization 
strategies to further promote and strengthen priors updating 
(Craske et  al., 2018; Schemer et  al., 2019). Worth mentioning 
is that in the case of firmly rooted expectations (i.e., where 
the patient implements strategies such as cognitive immunization), 
patients might require more evidence before successfully updating 
their priors. In this situation, clinicians should consider offering 
a higher number of disconfirming trials (i.e., repeating violation 
strategies more times than usual or offering the patient more 
treatment sessions; Gatzounis et  al., 2021; Hilleke et  al., 2021).

Challenges and Future Directions
Despite some preliminary research suggests that the Bayesian 
framework (Owens et  al., 2018; Ongaro and Kaptchuk, 2019; 
Kaptchuk et  al., 2020) and the ViolEx model (Kube et  al., 

2020; Panitz et  al., 2021) are good fit for describing pain 
processing and symptoms persistence, some open questions 
remained unresolved.

First, it is crucial to understand how clinicians can translate 
the strategies used to modulate patient’s expectations within the 
specific context of MSK pain (Caneiro et  al., 2021). So far, 
researchers have investigated the modulation of expectations 
mainly in mental health (i.e., anxiety and depression) or medical 
conditions (i.e., cancer and coronary heart disease; Peerdeman 
et  al., 2016; Kube et  al., 2018), compared to MSK pain (Barth 
et al., 2021). Therefore, the interplay between direct experiences 
(i.e., previous healthcare exposures), social and cultural influences 
(i.e., peers and media), individual differences (i.e., personality 
traits and genetic factor), and expectations (Panitz et  al., 2021) 
in patients presenting different MSK pain mechanism (i.e., 
nociceptive, neuropathic, and nociplastic) represents a challenge 
for future studies (Rossettini and Testa, 2018).

Second, it is crucial to investigate if it is possible to change 
patient’s expectations permanently. Even if expectations can 
change in a specific situation (i.e., “I did not feel pain in my 
back when bending over on this occasion”), this modification 

FIGURE 2 | A clinical framework to assess and address patients’ expectations in musculoskeletal pain. The figure depicts the three typical scenarios that can 
occur in clinical practice. Green block: the patient shows positive expectations toward the rehabilitation process, and the clinician can reinforce them by providing 
verbal suggestions and confirming such expectations with the recommended evidence-based treatments; Yellow block: if negative expectations are detected during 
the initial assessment, but they have low precision, the clinician can optimize them through education and reassurance and subsequently try to violate such 
expectations by exposing patients to experience (using manual therapy, exercise, virtual reality, or a combination of them); and Red block: if high-precision 
expectations are detected, we suggest starting by exposing patients to experiences that could challenge patients’ expectations, and if this outcome is achieved, it 
can be reinforced through verbal suggestions (education or reassurance).
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does not necessarily translate into a general and long-lasting 
change (i.e., “Every time I  will bend over, I  will not feel pain 
in the back”; Schemer et  al., 2019; Riecke et  al., 2020). 
Furthermore, if the patient has negative expectations with very 
high priors, it could be  difficult to change them quickly (Kube 
et  al., 2020). Therefore, we  need future studies to investigate 
if expectations can change for long periods (Bromberg-Martin 
and Sharot, 2020; Camerone et  al., 2021a,b) and if they are 
generalized to different MSK pain conditions.

Third, it is necessary to understand the optimal PE magnitude 
needed to update patient expectations. According to the recent 
scientific literature, patients ignore very small PEs and avoid 
to update their expectations as often the cognitive costs of 
the change outweigh the benefits (Linton et  al., 2012; Panitz 
et al., 2021; Pinquart et al., 2021). Furthermore, even substantial 
PE can be  considered an exception to the rule and thus 
discarded without changing expectations (Linton et  al., 2012; 
Panitz et  al., 2021; Pinquart et  al., 2021). Therefore, future 
studies should identify the magnitude of PE capable to challenge 
the patients’ negative expectations in MSK pain.

CONCLUSION

Managing patients’ expectations continues to represent a challenge 
in MSK pain. Clinicians should choose wisely if, when and 

how to challenge patients’ negative expectations, considering 
whether the benefits of avoiding nocebo-related effects outweigh 
the risks of eroding the therapeutic alliance and having drop-
outs. Based on the theoretical frameworks here presented 
(ViolEx Model and Bayesian Brain Hypothesis), we  suggest 
that clinicians could use the strength of patients’ expectations 
as an indicator to decide when to directly challenge patients’ 
negative expectations (i.e., optimization), or when to start by 
challenging their beliefs indirectly (i.e., violation), avoiding 
damages to the therapeutic alliance.
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Psychosis is associated with distorted perceptions and deficient bottom-up learning
such as classical fear conditioning. This has been interpreted as reflecting imprecise
priors in low-level predictive coding systems. Paradoxically, overly strong beliefs,
such as overvalued beliefs and delusions, are also present in psychosis-associated
states. In line with this, research has suggested that patients with psychosis and
associated phenotypes rely more on high-order priors to interpret perceptual input. In
this behavioural and fMRI study we studied two types of fear learning, i.e., instructed
fear learning mediated by verbal suggestions about fear contingencies and classical fear
conditioning mediated by low level associative learning, in delusion proneness—a trait in
healthy individuals linked to psychotic disorders. Subjects were shown four faces out of
which two were coupled with an aversive stimulation (CS+) while two were not (CS-) in a
fear conditioning procedure. Before the conditioning, subjects were informed about the
contingencies for two of the faces of each type, while no information was given for the
two other faces. We could thereby study the effect of both classical fear conditioning and
instructed fear learning. Our main outcome variable was evaluative rating of the faces.
Simultaneously, fMRI-measurements were performed to study underlying mechanisms.
We postulated that instructed fear learning, measured with evaluative ratings, is stronger
in psychosis-related phenotypes, in contrast to classical fear conditioning that has
repeatedly been shown to be weaker in these groups. In line with our hypothesis, we
observed significantly larger instructed fear learning on a behavioural level in delusion-
prone individuals (n = 20) compared to non-delusion-prone subjects (n = 23; n = 20
in fMRI study). Instructed fear learning was associated with a bilateral activation of
lateral orbitofrontal cortex that did not differ significantly between groups. However,
delusion-prone subjects showed a stronger functional connectivity between right lateral
orbitofrontal cortex and regions processing fear and pain. Our results suggest that
psychosis-related states are associated with a strong instructed fear learning in addition
to previously reported weak classical fear conditioning. Given the similarity between
nocebo paradigms and instructed fear learning, our results also have an impact on
understanding why nocebo effects differ between individuals.

Keywords: delusion-proneness, instructed fear learning, classical fear conditioning, nocebo effect, fMRI,
orbitofrontal cortex, expectations, priors
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INTRODUCTION

Clinical observations of patients with psychosis suggest that
these individuals have difficulties to focus on one stimulus at
a time, especially in an acute psychotic state. Instead, their
attention often quickly shifts between different irrelevant stimuli
that they perceive as highly salient. The same individual may
simultaneously have a set of delusions that are resistant to change,
despite being extremely unlikely or even bizarre to most people.
The paradox that poorly reliable low-level processes (such as
unstable perceptions) co-exist with overly stable high-level beliefs
(such as delusions) is of central interest in psychosis research
(Sterzer et al., 2008; Moller et al., 2021). Here, we used a task
combining instructed fear learning (Mertens et al., 2018) and
classical fear conditioning (Fullana et al., 2016) in order to test
whether belief formation induced by instructions is stronger
in high delusion-proneness—a trait associated with psychotic
disorders that is expressed in healthy subjects (van Os et al.,
2009)—compared to controls.

Mirroring the clinical picture of unstable perceptions
described above, experimental research supports the idea
that low-level processes are dysfunctional in schizophrenia
and related endophenotypes (Javitt and Freedman, 2015).
A consequence of noisy perceptual processes would be a
less efficient bottom-up learning. This has been suggested for
psychosis-related states in various simple learning paradigms
including associative learning (Corlett et al., 2007; Corlett and
Fletcher, 2012), reward learning (Murray et al., 2008; Roiser et al.,
2009; Schlagenhauf et al., 2014) and classical fear conditioning
(Jensen et al., 2008; Holt et al., 2009, 2012; Romaniuk et al.,
2010; Balog et al., 2013; Tuominen et al., 2021). These studies
on patients and related endophenotypes have often shown both
a smaller learning effect of the true association and an increased
learning effect of non-existent associations, in line with the
aberrant salience hypothesis (Kapur, 2003).

In contrast to bottom-up learning, recent studies suggest
that the effect of high-level top-down learning is stronger
in patients with psychosis, and in delusion-prone subjects,
compared to healthy controls (Schmack et al., 2013; Teufel
et al., 2015). Namely, after being presented with explicit and
consciously accessed information, these individuals use high-
level priors in a top-down fashion more readily than controls,
in order to interpret simple perceptual input. Such beliefs
may be characterised as overly strong and associated with the
predisposition of delusion formation (Schmack et al., 2013).

Recently, theories such as the predictive coding hypothesis
of psychosis, have suggested an association between information
processing deviations and psychotic symptoms (Fletcher and
Frith, 2009; Adams et al., 2013; Sterzer et al., 2018). Despite
this, the reason for why psychosis related states are associated
with overly strong beliefs and delusions in parallel with a noisy
perceptual system, is not fully understood. It has been proposed
that the formation of delusions is a secondary consequence
of adaption to aberrant low-level signals (Kapur, 2003).
Alternatively, it may suggest a strategy of integrating explicit
information in a proactive manner to facilitate interpretation of a
noisy environment in psychosis-related states.

Here, we tested whether delusion-prone subjects integrate
explicit information given in advance, to a higher degree than
controls in a social fear learning task. We hypothesised that verbal
suggestions about the threat value of specific social stimuli, i.e.,
instructed fear learning, would have stronger effect on affective
learning in delusion-prone participants than in controls, in
sharp contrast to results from previously performed low-level
classical fear conditioning studies on psychosis patients (Jensen
et al., 2008; Holt et al., 2009, 2012; Romaniuk et al., 2010;
Tuominen et al., 2021), and schizotypal individuals (Balog et al.,
2013), which have suggested a weaker learning in psychosis
associated phenotypes.

In order to test our hypothesis we showed our subjects
four faces out of which two were coupled with aversive
electric stimulation (CS+) while two were not (CS-) in a
fear conditioning procedure. Ahead of the fear conditioning
procedure subjects were informed about the contingencies for
two of the faces of each type, while no information was given for
the two other faces. We could thereby study the effect of both
classical fear conditioning and instructed fear learning. Our main
outcome measure consisted of explicit evaluation of the presented
faces (Petrovic et al., 2008), and involves, therefore, conscious
beliefs about the context. We also measured autonomic responses
(i.e., skin conductance response) as an index of learning.

Our study also translates to the nocebo effect, that may be
defined as the role of negative expectations from suggestions,
associative learning and context in producing an aversive
outcome (Barsky et al., 2002; Faasse et al., 2019; Colloca and
Barsky, 2020).

It has been suggested that the lateral orbitofrontal cortex
(lOfc) is a key structure involved in the processing of higher order
expectations that influence emotional processing and experience
(Petrovic et al., 2010). In line with this, previous functional
imaging studies using tasks related to the present, such as
instructed fear learning (Tabbert et al., 2011; Atlas et al., 2016)
and nocebo responses (Kong et al., 2008; Asghar et al., 2015;
Ellerbrock et al., 2015; Freeman et al., 2015; Schienle et al., 2018),
have shown increased activation in lOfc and related regions.
Other studies where a change in expectations underlies a change
in emotional experience including placebo responses (Petrovic
et al., 2002, 2005, 2010; Atlas and Wager, 2014; Wager and Atlas,
2015) and cognitive reappraisal (Eippert et al., 2007; Wager et al.,
2008; Kanske et al., 2011; Golkar et al., 2012) have also shown
the involvement of lOfc. We therefore hypothesised that (1) the
behavioural results would be associated with an larger activation
in lOfc for instructed stimuli than for non-instructed stimuli for
all subjects, and (2) that this effect would be stronger in high
delusion proneness vs. low delusion proneness as well as (3)
have a differential interaction with regions involved in pain and
fear processing.

MATERIALS AND METHODS

Participants
We screened 925 male individuals aged 18 to 35 years
(mean = 24.98 years, SD = 0.161) for delusion-proneness using
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PDI (Peters’ Delusion Inventory-21 items) (Peters et al., 2004).
For each PDI item that is endorsed, three dimensions are rated
by the participant on a 5-point Likert scale (1–5) in order to
assess the level of conviction, distress, and preoccupation related
to the given item (i.e., conviction, distress, and preoccupation
scores, respectively). The subjects also completed ASRS (World
Health Organization Adult ADHD Self-Report Scale) (Kessler
et al., 2005), and AQ (Autism Spectrum Quotient questionnaire)
(Baron-Cohen et al., 2001) to control for sub-clinical tendencies
of ADHD (Attention and Hyperactivity disorder) and ASD
(Autism Spectrum disorder) (Louzolo et al., 2017). Participants
were recruited through social media and filled in online versions
of the questionnaires. It was stressed twice that they had to be
healthy and without any psychiatric history. Upon submission of
their contact details and after giving their consent, participants
received a link to the questionnaires and an automatically
generated unique ID-code that they used when filling in
the questionnaires.

Based on the questionnaire results we selected 51 right-handed
male individuals aged 18–35 years; out of which 26 were in the
low delusion proneness group (lDP; PDI scores ranging from 2
to 6), and 25 in the high delusion proneness group (hDP; PDI
scores ranging from 10 to 17). Due to technical issues during
the scanning procedures (movement and technical problems with
the stimulation device), 8 participants had to be removed from
both behavioural and imaging analyses. A total of 43 participants
(lDP: n = 23, PDI mean = 3.78, SD = 1.38, and hDP: n = 20, PDI
mean = 12.85, SD = 1.84) thus underwent a successful instructed
fear learning and classical fear conditioning procedure in a 3T GE
MR scanner and contributed to the behavioural results. Out of
those 43 participants, another 3 were removed from the imaging
analyses due to large movement artefacts, resulting in a total of
20 participants in each group contributing to the fMRI results
(lDP: PDI mean = 3.85 and SD = 1.37; hDP: PDI mean = 12.85
and SD = 1.84). The size of the two groups were comparable
to previous fMRI studies on conditioning and psychosis related
states (Jensen et al., 2008; Holt et al., 2009, 2012; Romaniuk et al.,
2010; Balog et al., 2013).

All participants gave once again their informed consent before
the experiment, and were paid 450 SEK for their participation.
The study was approved by the regional ethical board of
Stockholm.1

Stimuli and Apparatus
In the classical fear conditioning paradigm, the unconditioned
stimulus (UCS) consisted of a mildly aversive electric
stimulation. Prior to the start of the experiment a pair
of Ag/AgCl electrodes (27 × 36 mm) was attached to
participants’ left forearm with electrode gel and used to
deliver electrical stimulation. Before lying down in the scanner,
participants went through a standard work-up procedure,
during which stimulation intensity was gradually increased
until participants judged it as unpleasant, but not intolerably
painful. Stimulus delivery was controlled by a monopolar
DC-pulse electric stimulation (STM200; Biopac Systems Inc.,

1www.epn.se

Santa Barbara, United States2). Each electrical stimulation
lasted for 200 ms, co-terminating the presentation of the
reinforced CS+ stimuli. The experiment was presented using
Presentation3 and was displayed on a screen inside the scanner.
Participants controlled the computer cursor through the use of a
trackball device.

The paradigm consisted of a social learning task that started
with an instruction phase that was followed by a fear acquisition
phase, and ended with an extinction phase (Figure 1A). The
conditioned stimuli (CS) consisted of four Caucasian male faces
(selected from a picture set used in Johansson et al., 2013)
displaying a neutral facial expression (2 CS+ and 2 CS−) and
randomised between participants. We used faces, as in several
of our previous studies (e.g., Olsson et al., 2005; Petrovic et al.,
2008), since they are more salient than abstract figures and
we wanted to measure the likability of the different individual
faces. Finally, social stimuli also contain more delusion relevant
information (as exemplified in paranoia) than many other
stimuli. For illustration purposes, we used silhouettes on the
timeline sketch Figure 1.

In the instruction phase, two of the faces (instructed CS+
and CS-; iCS+/iCS-) were coupled with information about
their contingencies with the UCS (including a fabricated
short description about their personality and the risk of
being associated with a “shock”). The two other CS faces
(non-instructed CS+ and CS-; niCS+/niCS-) contained no
information about their contingencies with the UCS. The
phrasing used in the instructions is presented in Figure 1B
(original text in Swedish).

In the acquisition and extinction phases each CS was displayed
12 times for 5 s, and the jittered inter-trial interval was 11.5± 2 s.
The CS+ were coupled with UCS with a 50% contingency in the
acquisition phase and there was no UCS in the extinction phase.

Skin Conductance Response
Skin conductance was recorded during the whole session. Two
Ag/AgCl electrodes (27 × 36 mm) were attached to the distal
phalange of the first and third fingers of participants’ left
hand. The skin conductance response (SCR) was amplified
and recorded using an fMRI compatible BIOPAC Systems
(Santa Barbara, CA). Data were analysed using AcqKnowledge
software (BIOPAC Systems). Processing of the raw data consisted
of low-pass (1 Hz) and high-pass (0.05 Hz) filtering. For each
CS, the conditioned SCR amplitude was quantified as the peak-
to-peak amplitude difference to the largest response, in the
0.5–4.5 s latency window after the stimulus onset. The SCRs
were transformed into microSiemens (µS), and responses below
0.02 µS were encoded as zero. A square-root transformation
was applied to raw SCRs to normalise the data distribution.
Participants who displayed a SCR to less than 20% of each of
the two CS+were considered non-responders and excluded from
SCR analyses. This resulted in 18 lDP and 20 hDP participants
that were used in the SCR analysis.

2www.biopac.com
3www.neurobs.com, version 9.13
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FIGURE 1 | Subjects and experimental design. (A) Timeline of paradigm. In the acquisition and extinction phases each CS was displayed 12 times for 5 s, and the
jittered inter-trial interval was 11.5 ± 2 s. The CS+ were coupled with UCS (mildly painful electric stimulation) with a 50% contingency in the acquisition phase and
there was no UCS in the extinction phase. Participants were asked to rate how friendly each CS was experienced, using a visual analogue scale (−100 to 100). In
order to estimate learning we calculated the difference between CS- rating and CS+ rating for each CS-pair (instructed and non-instructed). This difference score is
referred to as “affective learning index”’ and the main outcome value in the study. We analysed three affective learning indices: (1) T1: after instruction learning, (2) T2:
after acquisition, and (3) T3: after extinction. All ratings were normalized in regards to T0. (B) In the instruction phase, two of the faces (instructed CS+ and CS-;
iCS+/iCS-) were coupled with information about their contingencies with the UCS that included a fabricated short description about their personality and the risk of
being associated with an aversive stimulation. The two other CS faces (non-instructed CS+ and CS-; niCS+/niCS-) contained no information about their
contingencies with the UCS. Instructions were presented twice (followed by ratings–T1’ and T1) in order to increase the effect of information.
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Behavioural Analyses
Since our focus was on explicit learning we measured evaluative
fear ratings (Petrovic et al., 2008) for the presented faces.
On several occasions throughout the experiment (before
instructions, during instructions, before acquisition, before and
after extinction) participants had to rate how friendly each
CS looked, using a visual analogue scale with “the least
sympathetic person you can imagine” stated on the left anchor,
and “the most sympathetic person you can imagine” on the
right anchor (originally in Swedish). The X-axis coordinates
of the scale were converted into numbers, from -100 (left
anchor) to +100 (right anchor) and used as the rating scores.
The first rating of each CS was referred to as the baseline
rating and used to normalise the subsequent ratings for a
given CS. The normalised scores were computed for each CS,
by subtracting the first ratings from the following ratings.
In order to estimate learning in our paradigm we calculated
the difference between CS- rating and CS+ rating, in each
pair (instructed and non-instructed). This difference score is
referred to as “affective learning index” and represents the
main outcome value in the study as we were interested in
explicit learning. Instructions were presented twice (followed
by ratings: T1’ and T1) in order to increase explicit learning
(Figure 1A). Out of these two ratings we used the one following
the second instruction presentation (T1) in subsequent analyses
as it represented the total effect of the instruction manipulation.
This resulted in three affective learning indices: (1) T1-after
instruction learning, (2) T2-after acquisition, and (3) T3-after
extinction (Figure 1A). During the debriefing session after the
experiment, participants were also asked to rate how strongly
they felt they had been influenced by instructions and aversive
stimulation, respectively (0: no influence at all, 10: extremely
high influence).

We used linear mixed models to analyse the effect of the
experimental manipulations on the main behavioural outcome
variable, i.e., the affective learning index. A random effect of
subject was modelled, accounting for the repeated measures. The
explanatory variables used were subject group (hDP vs. lDP), the
stimulus type (instructed vs. non-instructed), the phase of the
trial (T1, T2, or T3) and the interactions between these variables.
Analysis were conducted using the software R 3.2.3 (R Core
Team, 2015) using packages lme4 (Bates et al., 2015) and lmerTest
(Kuznetsova et al., 2017).

Two specific hypotheses were tested for the behavioural part
of the study:

-Main hypothesis: As psychosis proneness has been associated
with stronger higher order learning and use of high-level priors
(Schmack et al., 2013; Teufel et al., 2015), instructions should
have a greater influence on fear learning in the delusion-
prone subjects than in the normal population. We therefore
hypothesised that hDP would show larger instructed affective
learning index in all phases compared to lDP.

-Secondary hypothesis: In line with previous studies on
classical fear conditioning (Jensen et al., 2008; Holt et al., 2009,
2012; Romaniuk et al., 2010; Balog et al., 2013; Tuominen et al.,
2021) we hypothesised that delusion-prone individuals would
display an attenuated fear learning. This would be reflected

by significantly smaller non-instructed affective learning index
following acquisition in hDP as compared to lDP.

In summary, on a behavioural level we expected increased
effect of instructions on fear learning (instructed fear learning)
but decreased effects of classical fear conditioning related to
delusion proneness.

Functional Imaging Analysis
We hypothesised that lateral orbitofrontal cortex (lOfc) would
have a decisive role in the increase of fear learning due
to instructions—based on its previously shown involvement
in processes where expectations have been experimentally
manipulated including instructed fear learning (Tabbert et al.,
2011; Atlas et al., 2016), nocebo responses (Kong et al., 2008;
Asghar et al., 2015; Ellerbrock et al., 2015; Freeman et al., 2015;
Schienle et al., 2018), placebo responses (Petrovic et al., 2002,
2005, 2010; Atlas and Wager, 2014; Wager and Atlas, 2015) and
cognitive reappraisal (Eippert et al., 2007; Wager et al., 2008;
Kanske et al., 2011; Golkar et al., 2012). Data from these studies
suggests that the right lOfc, especially, is involved in placebo
(Petrovic et al., 2002, 2005, 2010) and cognitive reappraisal
processes (Wager et al., 2008). We therefore examined the
acquisition phase results with a primary focus on effects in lOfc.
Further, we posited that any behavioural effects in relation to
instructed fear learning would be linked to functional or effective
connectivity effects in the right lOfc as previously observed in
cognitive reappraisal (Wager et al., 2008).

Apart from the general hypothesis about the involvement
of lOfc in instruction effects, we more specifically hypothesised
that hDP (compared to lDP) would exhibit (i) increased lOfc
responses to instructed fear learning, and (ii) increased effective
connectivity between the lOfc, and pain and fear regions, as
an underlying mechanism associated with a stronger effect of
instructions on affective learning index.

Due to limited space, we constrained the present functional
imaging analysis to the acquisition phase.

Image Acquisition
Participants were scanned in a 3T MR General Electric scanner
with a 32-channel head coil. A T1-weighted structural image was
acquired before the beginning of the paradigm. Functional scans
were obtained using a gradient echo sequence T2∗-weighted
echo-planar imaging (EPI) scan [TR = 2.334 s, TE = 30 ms,
flip angle = 90 degrees, 49 axial slices in ascending order
(thickness = 3 mm) and a field of view (FOV) = 22 cm,
matrix size = 72 × 72 × 3 mm]. The first four scans were
defined as dummy scans and discarded from the analysis.
Functional image acquisition comprised 2 runs of 245 volumes
each (acquisition and extinction phases, respectively), with a
break of approximately 4–5 min between them.

Imaging Data Analysis
Data pre-processing and analyses were performed using a default
strategy in the SPM8 software package (Statistical parametric
mapping, Welcome Department of Cognitive Neurology,
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London, United Kingdom4). For each participant, individual
images were first slice-time corrected and realigned to the first
volume to correct for head movement. The T1-weighted image
was then co-registered with the mean EPI image, segmented
and normalised to the Montréal Neurological Institute standard
brain (MNI). Then, functional images were spatially smoothed
with an 8-mm full width at half maximum (FWHM) isotropic
Gaussian kernel, and a temporal high-pass filter with a cut-off of
128 s was used to remove low-frequency drifts.

All analysis in the present study focused on the acquisition
phase. A general linear model (GLM) comprising nine regressors
was defined at the first-level analysis; one regressor per CS type
(iCS+, iCS−, niCS+, and niCS−) with each onset modelled
as a 5-s event, and one regressor for the UCS presentation.
In addition, these four regressors (excluding UCS) were also
parametrically modulated with a linearly changing function to
capture activity changes over time. All nine regressors were
convolved with the canonical haemodynamic response function
and entered into the GLM as implemented in SPM. Motion
regressors were also included in the model. The two phases of
the experiment (acquisition and extinction) were modelled and
analysed separately.

We first analysed main effects of fear (CS+ vs. CS−). Similarly,
we examined the main effects of pain. We also analysed possible
differences between hDP and lDP in a 2nd level analysis of
these activations using a ROI approach in order to increase the
sensitivity. A small volume correction in a spherical ROI (6 mm
radius) was then applied in the contrasts between the two groups.
The ROIs were centred over the maximally activated voxels in
caudal ACC (cACC) and anterior insula in the main effect of fear
and in posterior insula in the main effect of pain. The results
were assessed at p < 0.05, family-wise error (FWE) corrected for
multiple comparisons.

To test our main hypotheses regarding the functional imaging
results, we first conducted a GLM group analysis to compare
the effect of instruction in the lOfc for hDP to lDP participants.
The results were assessed at p < 0.05, family-wise error
(FWE) corrected for multiple comparisons. Given our a priori
hypothesis, we used small-volume correction (SVC) for multiple
comparisons within an anatomical lOfc ROI defined using
the pick atlas in the SPM, in addition to an exploratory
whole brain analysis.

We also examined effective connectivity using a
psychophysiological interaction (PPI) analysis in SPM (Friston
et al., 1997). This analysis identifies context-induced changes in
the strength of connectivity between brain regions, as measured
by a change in the magnitude of the linear regression slope
that relates their underlying neuronal responses. Significant PPI
results indicate that the contribution of one area to another
changes with the experimental context (Friston et al., 1997). We
assessed connectivity changes between the right lOfc and the rest
of the brain. The lOfc seed region was defined using a sphere
with a radius of 6 mm centred on the right lOfc group maximum
from the GLM analyses of instruction-related activity. For each
participant, the seed was adjusted to centre on the individual

4http://www.fil.ion.ucl.ac.uk/spm

peak response within the group seed sphere, and the fMRI time
series was extracted and deconvolved to generate the neuronal
signal. We then conducted two PPI analyses using the contrast (i)
instructed vs. non-instructed [(iCS+ and iCS-) vs. (niCS+ and
niCS-)] and (ii) the interaction effect (fear learning in instructed
vs. fear learning in non-instructed stimuli; [(iCS+ vs. iCS-)
vs. (niCS+ vs. niCS-)]) as the psychological factor. For each
participant, a GLM was conducted including three regressors
representing the time course of the seed region (the physiological
factor), the psychological factor and their product (the PPI). The
parameter estimates for the PPI regressor from each participant
were then entered into a second-level analysis, and we again
assessed the results at pFWE < 0.05.

We conducted SVC in several ROIs for the PPI analyses.
First, we used the group-level main effect of fear learning (CS+
vs. CS-) to identify cACC and anterior insula (Supplementary
Table 1). Second, we examined any group differences in low-level
sensory processing areas, in line with previous findings of altered
effective connectivity between the lOfc and the visual cortex
in a visual expectation manipulation task related to delusion
proneness (Schmack et al., 2013). To obtain a low-level sensory
region, we used the group-level main effect pain (mildly painful
electric stimulation) to identify the posterior insular cortex. This
region has been the most consistently reported brain activation
site across all pain conditions and is considered a nociceptive
input area (Tanasescu et al., 2016).

Finally, we assessed whether there was a significant correlation
between conviction scores and the functional connectivity
between the lOfc seed-region and low-level sensory regions (i.e.,
defined as posterior insular in the present study) to investigate
whether we could reproduce the findings by Schmack et al.
(2013). On a more exploratory level, we analysed whether such
a correlation was also present for the total PDI-score, the
normalised conviction score as well as the two other sub-scores
in PDI (distress score and preoccupation scores).

RESULTS

In the present study, we show behavioural results that either
involve all phases together or the instruction and acquisition
phase separately as well as the fMRI-results from the acquisition
phase in order to study our predefined hypotheses. The study
results have previously been presented in bioRxiv (Louzolo et al.,
2019). Behavioural and fMRI results specifically focusing on
extinction phase will be presented elsewhere.

BEHAVIOURAL RESULTS

Ratings
Baseline Ratings
A baseline rating (T0) was collected for each face before any
information was presented and it was used for normalisation of
subsequent ratings (Figure 1A). We tested whether groups (hDP
and lDP) differed on the averaged absolute value of the initial
baseline ratings, and found no significant difference (t = 0.092,
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p = 0.927, independent two-sample t-test). This result suggests
that any possible group differences associated to instructions or
conditioning cannot be explained simply by a difference between
the groups in their general rating strategy.

Affective Learning Index
The main behavioural outcome measure of the study was the
affective learning index, which reflects how subjects change
the ratings given to CS- vs. CS+ stimuli after conditioning
or instructions.

As a general control of the paradigm, effects of instructed
fear learning and classical fear condition were first analysed
independently in the two groups (lDP and hDP). Evaluative fear
learning measured with affective learning index was observed
after instructions (T1 vs. T0) for instructed stimuli and after
acquisition phase (T2 vs. T1) for both instructed (threshold
level) and non-instructed stimuli independently for both lDP
and hDP. Thus, learning as a consequence of instructed fear
learning and classical fear conditioning were accomplished for
both groups independently.

A mixed linear model was used to study the effects of
subject group (hDP vs. lDP), stimulus type (instructed vs. non-
instructed), phase of the trial (T1, T2, or T3) and the interactions
between these variables on the affective learning index. We found
significant effects of group (p = 0.029), stimulus type (p < 0.00001),
and phase (p < 0.00001). The three-way interaction between these
variables as well as the interaction between group and phase were
not significant (p = 0.750 and p = 0.167, respectively). However,
there was an almost significant stimulus type × group interaction
(p = 0.057) and a significant stimulus type × phase interaction
(p = 0.00003). This means that the effect of instructions depends
on the group (according to our main hypothesis) and also on
the phase. Since there were interaction effects with the stimulus
type, in order to study the effects of group and phase, we divided
the data into two sets, corresponding to the instructed and
non-instructed stimuli.

For the instructed stimuli (Figures 2A,B), there was a
significant effect of group (p = 0.044), but not of phase
(p = 0.109). The affective learning index was higher for the hDP
(mean = 125.77, SD = 93.06) than for the lDP (mean = 74.50, SD
= 67.98) thus confirming our main hypothesis. We also extended
the model to include the interaction between group and phase.
The interaction was not significant (p = 0.26), indicating that
the group effect is present in all phases. The affective learning
index was significantly larger than zero for lDP (p = 0.0002).
Thus, for the instructed stimuli, the affective learning index
was larger than zero for all groups and phases, confirming
that there was an effect of instructions in both groups, that
persisted for all phases.

For the non-instructed stimuli (Figures 2C,D), there was a
significant effect of phase (p < 0.00001), but not of group
(p = 0.105). The affective learning index was not different from
0 at phase T1. This is expected since, for non-instructed stimuli,
at T1 the subjects had no more information than at T0. At phases
T2 and T3 the affective learning index was significantly larger than
0 (p < 0.00001), indicating that the classical fear conditioning
worked and the subjects learned the contingencies.

To test the secondary hypothesis, the model on the non-
instructed stimuli was extended to include the interaction
between group and phase. The interaction was almost significant
(p = 0.056). Hence, to be able to interpret the effects of group,
we analysed the data for each phase separately. However, there
was no significant effect of group for T1 and T2 (p = 0.653 and
p = 0.235, respectively) and only an effect for T3 (p = 0.025).
Namely, after the acquisition phase (T2) for the non-instructed
stimuli there was no difference in affective learning index between
the two groups of subjects. The effect of extinction (associated
with ratings at T3) is further elaborated elsewhere.

Skin Conductance
A one-tailed t-test on the differential SCR (SCR-CS+ vs. SCR-
CS-) in the acquisition phase for all subjects together, was
significantly different from zero (mean = 0.0151, SD = 0.0271;
t = 3.424, df = 37, p = 0.001 one-tailed) suggesting a significant
conditioning. This was also the case for each group, when
analysed separately (lDP mean = 0.0126 µS, SD = 0.0248, one-
sample t-test t = 2.145, df = 17, p = 0.024 one-tailed—hDP
mean = 0.0174 µS, SD = 0.0296, one-sample t-test t = 2.628,
df = 19, p = 0.009 one-tailed). There was no group difference
(independent two-sample t-test t =−0.741, df = 73, p = 0.461).

The differential SCR was mainly driven by the iCS-pair as
suggested by a significant difference between the instructed and
non-instructed condition in lDP (instructed mean = 0.0266 µS,
SD = 0.036, non-instructed mean =−0.015 µS, SD = 0.029; paired
t-test t = 2.780, df = 17, p = 0.014) and in hDP (instructed
mean = 0.0251 µS, SD = 0.031, non-instructed mean = 0.010 µS,
SD = 0.036; paired t-test t = 2.188, df = 19, p = 0.042). However,
there was no significant interaction between the groups (hDP or
lDP) and condition (instructed or non-instructed).

Overall, it should be noted that the SCR data recorded in the
fMRI scanner was noisy. We only used participants who showed
a SCR to at least 20% of the presentations of each CS (hence,
considered as responders; n = 38). However, many of them were
characterised by a low reactivity.

Effects of Peters’ Delusion Inventory
Sub-Scores on Ratings
In an exploratory analysis, we investigated whether PDI scores
and their components (distress, preoccupation and conviction)
were related to the different ratings for instructed stimuli in
lDP and hDP, respectively. In hDP we observed a significant
correlation between distress scores and the overall instructed
affective learning index (r = 0.555, p = 0.011 Pearson correlation
tests) (Figure 3A), as well as the instructed affective learning index
in T1 (after instructions; r = 0.614, p = 0.004) and T2 (after
acquisition; r = 0.518, p = 0.019). While similar correlations were
observed for preoccupation and conviction scores, they did not
reach significance. No significant correlations between distress
scores and affective learning index were found for lDP.

Since distress seemed to be an important variable in relation to
effects of instructions in our fear learning paradigm, we explored
it further. Only analysing the total sum of each of these sub-
scores without controlling for the Yes/No score can be somewhat
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FIGURE 2 | Behavioural results of instructed and non-instructed learning. (A) Timeline of likability ratings for instructed CS-stimuli over the three phases. (B) In line
with our hypothesis the affective learning index was higher for the hDP (mean = 125.77, SD = 93.06) than for the lDP (mean = 74.50, SD = 67.98) for the instructed
CS-stimuli and we found a significant group effect (p = 0.044) over all phases thus confirming our main hypothesis. (C) Timeline of likability ratings for non-instructed
CS-stimuli over the three phrases. (D) For the non-instructed stimuli, there was no significant effect of group (p = 0.105). The average non-instructed affective
learning index after acquisition was somewhat larger (albeit non-significant) in the delusion-prone group than in the control group (hDP: mean = 89.45, SD = 81.52;
lDP: mean = 63.00, SD = 62.16). As suggested from the time-line the largest part of this non-significant difference was dependent on T3 (ratings after extinction). At
phases T2 the affective learning index was significantly larger than 0 (p < 0.00001) for each group, indicating that the fear conditioning worked and the subjects
learned the contingencies. Error bars: 2 S.E.

misleading, as it makes it difficult to differentiate between
people who would score high on distress because they have
a few delusion-like experiences that are extremely distressing,
from people who score as high on distress because they have
many delusion-like experiences that are not distressing at all.

Normalising to the number of endorsed items (number of “yes”
answers, or the so-called “total PDI score”) provides a better
estimate of how distressed participants are, unrelated to whether
there is one or several delusion-like experiences. We therefore
also compared the two groups in terms of normalised sub-scores
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FIGURE 3 | Relation between instruction effects and delusional distress. (A) Correlations between distress scores and overall instructed affective learning index
(averaged over three phases) in hDP (r = 0.555, p = 0.011, Pearson correlation tests). (B) Correlations between normalised distress scores and overall instructed
affective learning index (averaged over three phases) in hDP (r = 0.433, p = 0.056, Pearson correlation tests). (C) Rating of the explicit influence of instructions in lDP
and hDP. The group difference is on the border of significance t = −1.910, p = 0.063, df = 40 (independent two-sample t-test). (D) Correlation between distress
scores and explicit rating of instruction influence in hDP (r = 0.562, p = 0.010, Pearson correlation tests). (E) Correlation between normalised distress scores and
explicit rating of instruction influence in in hDP (r = 0.491, p = 0.028, Pearson correlation tests). Error bars: 2 S.E.

and found that the average normalised distress score in hDP
was significantly larger than in lDP (hDP = 2.47, lDP = 1.95;
independent sample t-test t = −2.593, p = 0.013, df = 41).
Moreover, in hDP, the normalised distress score also correlated
positively with affective learning index after the instruction phases
(r = 0.527, p = 0.017, Pearson correlation tests) (Figure 3B).
This correlation only reached a trend level after the acquisition
phase (T2), as well as when considering the three phases together
(r = 0.400, p = 0.080; r = 338, p = 0.091, respectively—Pearson
correlation tests). No significant correlations between normalised
distress scores and affective learning index were found for lDP.

Post-experiment Ratings
After the experiment, participants were asked to explicitly rate
the influence of instructions, and pain stimuli (respectively) from
0 to 10. An independent sample t-test revealed a trend towards a
larger influence of instructions reported in the hDP, compared to
the lDP (mean lDP = 4.07, SD = 2.42, mean hDP = 5.58, SD = 2.69;

t =−1.910, p = 0.063, df = 40 two-tailed) (Figure 3C), while there
was no group difference in terms of pain influence.

Interestingly, in the delusion-prone group the explicit rating
of instruction influence was also significantly correlated to the
distress sub-score (r = 0.562, p = 0.01 Pearson correlation tests)
(Figure 3D) and with the normalised distress score (r = 0.491,
p = 0.028 Pearson correlation tests) (Figure 3E).

FUNCTIONAL IMAGING RESULTS

A simultaneous fMRI measurement showed that the main effect
of conditioning (i.e., all CS+ vs. all CS- in the acquisition phase)
led to activations in brain areas that are consistently reported
in studies of classical fear conditioning (Fullana et al., 2016).
These included anterior insula, caudal anterior cingulate cortex
and thalamus bilaterally as well as brainstem (Figure 4A and
Supplementary Table 1). However, no significant differences
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FIGURE 4 | Brain activity related to the effects of conditioning and instructions—BOLD response (A,B) and PPI analyses (C,D). (A) Main effect of fear (CS+ vs. CS-):
an activation in caudal anterior cingulate cortex (cACC), bilateral anterior insula, premotor/dorsolateral prefrontal cortex (dlPFC), right temporo-parietal junction (rTPJ)
was observed (Supplementary Table 1). The activation pattern was similar for instructed (iCS+ vs. iCS-) and non-instructed (niCS+ vs. niCS-) stimuli. No group
difference was observed. (B) Main effect of instructions: bilateral activations in lateral orbitofrontal cortex (lOfc) (ROI analysis and whole brain analysis) and an
activation in dlPFC (whole brain analysis) were observed (Supplementary Table 2). This effect was mainly driven by the hDP, and only this group showed significant
activations in lOfc (bilateraly). (C) A psychophysiological interaction (PPI) analysis on the effect of instructions (vs. non-instructed trials): An increased connectivity
between the right lOfc and functionally defined low-level pain processing areas (i.e., right posterior insula) (Z = 3.29, pFWE = 0.004) was observed specifically in hDP
(i.e., compared to in lDP). (D) A PPI-analysis on the effects of instruction on fear processing: A larger connectivity between lOfc and the cACC (overlapping with fear
related activation) was observed in hDP than in lDP (Z = 2.96, pFWE = 0.012). Error bars: S.E.

were observed between the groups in the regions of interest (ROI)
analysis for (CS+ vs. CS-).

In line with our hypothesis, we observed a main effect of
instructions [(iCS+ + iCS-) vs. (niCS+ + niCS-)] in lateral
orbitofrontal cortex (lOfc) for all subjects (Figure 4B and
Supplementary Table 2)—driven mainly by hDP subjects (only
this group showed significant activations in lOfc; Supplementary
Table 2). This suggests a plausible underlying prefrontal
mechanism associated with the observed behavioural effects
of instructions on fear learning. In addition, hDP individuals
also displayed activation in the ventromedial prefrontal cortex
(vmPFC) that was not observed in the lDP, nor in the all-subject
activations (Supplementary Table 2). However, there were no
significant differences between the groups in the main effects of
instructions (subtraction analysis).

For completeness, we analysed the effect of fear learning
specifically for the instructed (Supplementary Table 3) and
non-instructed stimuli (Supplementary Table 4). These analyses
overall resembled the main effect of conditioning and did
not reveal and significant differences between hDP and lDP.
Our final contrast analysis focused on the main effect of pain
for all subjects, and showed activations in region previously

implicated in pain processing including bilateral insula and cACC
(Supplementary Table 5).

A psychophysiological interaction (PPI) analysis revealed
increased connectivity in instructed trials (vs. non-instructed
trials) specifically for hDP (i.e., compared to lDP) between the
right lOfc and functionally defined nociceptive input region
(right posterior insula) (Z = 3.29, corrected p = 0.004),
supporting previous findings of an association between sensory
processing and lOfc in delusion-prone individuals (Schmack
et al., 2013; Figure 4C). Moreover, PPI-analysis of the effects
of instruction on fear processing showed a significantly larger
connectivity between the lOfc and the caudal anterior cingulate
cortex (cACC), overlapping with fear related activation, in hDP
compared to lDP (Z = 2.96, corrected p = 0.012) (Figure 4D).
Last, we tested whether we could conceptually replicate the
correlation reported in earlier work, between conviction scores
and functional connectivity in instructed trials between the
right lOfc and functionally defined early sensory processing
regions (Schmack et al., 2013) (i.e., right posterior insula, here),
specifically for hDP individuals (i.e., compared to lDP). This
analysis showed a significant effect (pFWE = 0.003) (Figure 5),
that was also observed when the PPI-analysis was correlated
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FIGURE 5 | Relation between delusion-proneness and functional connectivity. The functional connectivity (PPI-analysis) between the right lOfc and i.e., right
posterior insula ROI as an effect of instructions (vs. non-instructed trials) correlated with conviction scores in the hDP (Z = 3.44, pFWE = 0.003). A similar effect was
shown for PDI-total scores (Z = 3.29, pFWE = 0.004) and normalised conviction scores also in the hDP (Z = 2.77, pFWE = 0.016).

with the total PDI score (pFWE = 0.004) and the normalised
convictions scores (pFWE = 0.016).

DISCUSSION

The present findings confirmed our main hypothesis stating that
the effect of instructions on fear learning, i.e., instructed fear
learning, would be larger in the delusion-prone group (hDP)
than in the control group (lDP) (Figures 2A,B). The effect
was shown in the affective learning index for the instructed
stimuli, where evaluative ratings of instructed CS+ faces were
compared to instructed CS- faces. However, we did not observe
any significant group difference in non-instructed fear learning
(classical fear conditioning) (Figures 2C,D). Our results mirror
recent studies reporting an increased effect of high-level priors
on perceptions in psychosis-related states (Schmack et al.,
2013; Teufel et al., 2015) and extend these observations to
instructed fear learning. Importantly, as we measured evaluative
social ratings as our outcome variable, we also targeted the
participants’ specific beliefs about different social stimuli. Thus,
in contrast to the aforementioned studies (Schmack et al., 2013;
Teufel et al., 2015), we argue that in psychosis-related states,
explicit beliefs about the world are also more susceptible to be
changed after explicit learning. In addition, our data suggests
that hDP individuals displayed a larger affective learning than
lDP individuals after instructions, already before the CS-UCS
pairing. In other words, they had already formed stronger beliefs
that biased their experience of the faces, even before low-level
learning in the acquisition phase. Thus, we expand previous views
on delusion formation as a secondary mechanism in which the
individual tries to explain specific aberrant stimuli (Kapur, 2003),

by suggesting that formation of such beliefs might also represent
a pro-active coping strategy in order to facilitate interpretation of
an unstable environment.

Instructed fear learning (Mertens et al., 2018) has many
similarities to nocebo treatment effects (Barsky et al., 2002;
Faasse et al., 2019; Colloca and Barsky, 2020), in that both often
involve a suggestion that an experience will be unpleasant or
aversive. More specifically, in instructed fear learning the subject
is informed that a specific event (Stimulus 1) is associated with
and predicts an aversive stimulus (Stimulus 2). The effects on
subsequently shown Stimuli 1 are then measured in ratings,
autonomic measures or brain responses. In nocebo paradigms,
the subject is typically informed that a treatment or an event
(Stimulus 1) is associated with an increased unpleasant or
aversive experience induced by an aversive stimulus such as a
painful event (Stimulus 2). The nocebo effect is measured when
Stimulus 2 is presented using ratings, autonomic measures or
brain responses. Thus, while instructed fear learning is focused on
the anticipation phase of an unpleasant event, the nocebo effect
is focused on the unpleasant event itself. Also, while instructed
fear learning just informs the subject about a relation, the
nocebo paradigm gives suggestion about the nature of a stimulus.
Both instructed fear learning and nocebo paradigms may also
involve a conditioning procedure, but verbal suggestions are
of key importance in the experimental paradigms (Mertens
et al., 2018; Colloca and Barsky, 2020). In fact, nocebo studies
suggest that verbal suggestions may fully mediate the effect, in
contrast to placebo studies where the conditioning has additive
effects (Colloca et al., 2008). Similarly, instructions mediate
a strong effect on fear learning (Mertens et al., 2018) that
cannot be completely overridden by subsequent situational safety
information (Mertens et al., 2016). Given the similarities between
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instructed fear learning and nocebo effects, our results suggest
that high delusion proneness may be associated with stronger
explicit nocebo-like effects than low delusion proneness.

In the present study, we focused on delusion proneness, a
personality trait in healthy individuals that includes subclinical
levels of delusional ideation (Peters et al., 2004; van Os
et al., 2009). Cognitive, thought- and perceptual mechanisms
underlying delusion- and psychosis-proneness are considered to
be similar to the one underlying psychosis (Peters et al., 2004; van
Os et al., 2009; Fusar-Poli et al., 2013; Teufel et al., 2015). As this
phenotype is dimensionally expressed in humans, all individuals
are more or less prone to this type of behaviour and related
information processing. Thus, this trait has significant impact on
variability in human behaviour among healthy subjects. However,
we propose that similar effects of top-down high-level learning
may be present in psychosis patients.

The effect of instructions on fear learning was also significantly
related to the degree of delusional distress in the hDP. This
finding was still present when distress scores were normalised,
such that they did not depend on the number of endorsed
delusional items, which underscores the importance of this
dimension in belief formation. These findings may be of special
interest since it has been suggested that psychosis-related states
characterised with more distress and help seeking are also
associated with a larger risk to convert into a clinical psychotic
disorder (Fusar-Poli et al., 2013).

We failed to show that hDP was associate with lower classical
fear conditioning than lDP for the non-instructed condition
as initially hypothesised. In fact, the average non-instructed
affective learning index after acquisition (i.e., evaluative ratings)
was somewhat larger, albeit non-significant, in hDP compared to
lDP (Figure 2D). At first glance, this result seems to contrast with
previous studies showing a smaller classical fear conditioning
effect in psychosis patients (Jensen et al., 2008; Holt et al.,
2009, 2012; Romaniuk et al., 2010; Balog et al., 2013; Tuominen
et al., 2021) and schizotypal individuals (Balog et al., 2013)
suggestive of a weaker bottom-up learning in these phenotypes.
However, it is important to keep in mind that our non-
instructed condition may involve a faster development of explicit
beliefs about contingencies compared to ordinary classical fear
conditioning experiments, due to the presence of an instructed
condition in the same experiment. Thus, our non-instructed
fear learning cannot be simply compared to standard classical
fear conditioning studies. Future studies will have to control for
such confounding effects when comparing instructed vs. non-
instructed conditions.

Apart from the effects of fear learning measured with affective
learning index, the subjects also explicitly rated how much
the painful stimulation and the instructions affected them.
Interestingly, although no group difference was observed for
the painful stimulation, the hDP tended to rate that they were
more affected by the instructions than the lDP. Also, this
effect was significantly correlated with the delusional distress
for the instructed stimuli in the hDP (similarly to the affective
learning index). Thus, subjects in the hDP group seem to have
a metacognitive awareness of the fact they are highly affected by
explicit information.

Our fMRI results revealed that the main effect of conditioning
led to activations in brain areas that are consistently reported
in classical fear conditioning studies including caudal ACC,
anterior insula, thalamus and brainstem (Fullana et al., 2016),
but no group differences were reported (Figure 4A and
Supplementary Table 1).

In line with our hypothesis, we observed a main effect of
instructions in lateral orbitofrontal cortex (lOfc) for all subjects
(Figure 4B and Supplementary Table 2)—driven mainly by
hDP as only this group showed a significant (and bilateral)
activation in lOfc. Increased activation in the orbitofrontal
cortex has previously been shown in imaging studies involving
both instructed fear learning (Tabbert et al., 2011; Atlas et al.,
2016) and nocebo effect (Kong et al., 2008; Asghar et al., 2015;
Ellerbrock et al., 2015; Freeman et al., 2015; Schienle et al., 2018)
as well as in placebo treatment studies (Petrovic et al., 2002,
2005, 2010; Atlas and Wager, 2014; Wager and Atlas, 2015) and
cognitive reappraisal (Eippert et al., 2007; Wager et al., 2008;
Kanske et al., 2011; Golkar et al., 2012). All these experimental
paradigms involve an explicit change in the underlying rules
relating to how to interpret an emotional experience and
the associated expectations. Also, the activity seems to be
independent of expected value. In a predictive coding framework,
which has previously been applied to the placebo effect (Petrovic
et al., 2010; Buchel et al., 2014), the lOfc may thus be a key
region for higher order priors. A related research line suggests
that the orbitofrontal cortex is important for learning task-state
representations, especially when hidden information is important
for the task (Niv, 2019). This may be compared to the presented
paradigms above, that contained hidden information about how a
stimuli should be interpreted, given in the instruction phase. This
suggests a plausible underlying prefrontal mechanism associated
with the observed behavioural effects of instructions on fear
learning—an effect that was significantly larger in the hDP than
in the lDP. However, there was not a significant difference in
the lOfc activations related to instructions between the groups,
possible due to too low power. As a general comment it should
be noted that the paradigms discussed above do not always show
increased activation in lOfc, an effect that may be due to large
susceptibility artefacts in this region.

In contrast to the fMRI analysis based purely on differences
in activations between conditions, the psychophysiological
interaction (PPI) analysis revealed increased functional
connectivity in instructed trials (as compared to non-instructed
trials) specifically for hDP individuals between the right lOfc
and functionally defined primary nociceptive input region
(right posterior insula). This result supports previous findings
of an association between sensory processing and lOfc activity
during an expectation modulated condition in schizophrenia
(Schmack et al., 2017) and delusion-proneness (Schmack et al.,
2013; Figure 4C). Interestingly, as in the study by Schmack
and colleagues on delusion-proneness (Schmack et al., 2013)
this functional connectivity was related to the conviction scores
for the delusion-prone group (Figure 5). Although this effect
was also observed for the total PDI-scores in our sample, it
remained significant when tested for the normalised convictions
scores. Thus, the conviction scores had a specific effect on the
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connectivity between lOfc and right posterior insula independent
on the number of endorsed delusional items.

The PPI-analysis of the effects of instruction on fear
processing also showed a significantly larger connectivity
between the lOfc and the caudal anterior cingulate cortex
(cACC), overlapping with fear related activation, in hDP
compared to lDP (Figure 4D).

The significant group difference in lOfc functional
connectivity—combined with no difference between the groups
in the activation level related to fear processing—suggests mainly
a difference in the re-appraisal effect between delusion-prone
and control subjects. A similar region in lOfc links expectations
to visual input (Bar, 2003) and mediates belief congruent
information to visual processing of the random dot kinetogram
illusion related to delusion-proneness (Schmack et al., 2013).
Prefrontal networks, that include lOfc, are also involved in self-
referential experience of presented generic stimuli in delusional
patients with Schizophrenia (Lariviere et al., 2017). Based on
these previous studies as well as our results, we argue that lOfc
may be important for construction of higher-order priors used
more readily in delusion-proneness, especially in emotional and
visual processes

In a previous study on the impact of instructions on classical
fear learning (Atlas et al., 2016), an effect of instructions was
observed in the dorsolateral prefrontal cortex (dlPFC), stretching
towards ventrolateral PFC. Our main activation in the lOfc
extends towards the same area. Finally, only the delusion-
prone group showed activation in the ventromedial prefrontal
cortex (vmPFC) in main effect of instructions—a region
previously implicated in mediation of cognitive reappraisal
(Wager et al., 2008).

Cognitive neuroscience research on psychosis has recently
focused on the involvement of expectations (or priors) in
underlying mechanisms (Fletcher and Frith, 2009; Adams et al.,
2013; Sterzer et al., 2018) and suggested that the balance between
bottom-up signals and top-down influence of expectations is
altered in psychotic states due to aberrant (or hyper) salience
of incoming information (Kapur, 2003)—possibly linked to a
hypersensitive dopamine system (Kuepper et al., 2012)—and
weakened or imprecise low-level priors. Recently, hierarchical
Bayesian models (Friston, 2005) have been successfully applied
to explain hallucinations and underlying processes observed
in psychosis-associated states (Powers et al., 2017). However,
predictive coding models have so far not been able to account
for both chaotic perceptions (involving imprecise priors) and
delusions (involving overly precise priors). From a predictive
coding perspective, the present study together with previous

findings (Schmack et al., 2013; Teufel et al., 2015) suggest
that individuals in psychosis-related states, including healthy
delusion-prone subjects, are more prone to integrate and
use higher-order beliefs (or models/priors) of the world in
order to better comprehend a noisy perceptual environment.
Altogether, our study and previous work on fear processing
in psychosis-related states, suggest the coexistence of a weak
low-level and strong high-level fear learning in psychosis-
related endophenotypes.
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Len Lecci* , Gary Ryan Page, Julian R. Keith, Sarah Neal and Ashley Ritter
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Drug recalls and lawsuits against pharmaceutical manufacturers are accompanied by
announcements emphasizing harmful drug side-effects. Those with elevated health
anxiety may be more reactive to such announcements. We evaluated whether health
anxiety and financial incentives affect subjective symptom endorsement, and objective
outcomes of cognitive and physiological functioning during a mock drug recall. Hundred
and sixty-one participants reported use of over-the-counter pain medications and
presented with a fictitious medication recall via a mock Food and Drug Administration
(FDA) website. The opportunity to join a class-action lawsuit was manipulated.
We assessed health anxiety, recalled drug usage, blood pressure, heart rate, and
performance on a computerized Trail Making Test (TMT). Symptom endorsement was
strongly predicted by health anxiety. When combined, three health anxiety measures
explained 28.5% variance (Cohen’s d = 1.26). These effects remain strong after
controlling for depression and anxiety. Litigation condition did not predict symptom
endorsement. Blood pressure and heart rate were modestly predicted by health anxiety,
but not by litigation condition. TMT performance was consistently predicted by health
anxiety, with higher scores associated with poorer performance. Although there were no
main effects for litigation, interactions consistently emerged for the TMT, with generally
poorer performance for those with higher health anxiety in the non-litigation condition;
whereas health anxiety was unrelated to performance for the litigation condition. All
but one participant joined the litigation when given the opportunity, despite a healthy
sample and minimal use of pain medication. Subsequent data from 67 individuals with
no mention of the FDA scenario or litigation showed that health anxiety still significantly
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predicts symptom endorsement (12.6% variance), but the explained variance is less
than half that obtained in the FDA scenario. The findings suggest that health anxiety
plays a significant role in adverse symptom reporting, beyond anxiety or depression,
and this effect is independent of the presence of the FDA recall. The lack of differences
for health anxiety and symptom endorsement between litigation and non-litigation
conditions rules out malingering. Although it is general practice in drug recalls to
list potential adverse side effects caused by medications, this may elicit unintended
symptom experiences and health anxious individuals may be more susceptible.

Keywords: health anxiety, drug recall, malingering, side-effects, litigation

INTRODUCTION

Individuals with pre-existing high levels of health anxiety may
be particularly susceptible to reporting symptoms and side
effects when exposed to information about adverse drug effects.
Heightened sensitivity to health-related stimuli is part and parcel
of the DSM-5 (American Psychiatric Association, 2013) criteria
for diagnosing a health anxiety disorder (e.g., Lees et al., 2005).
However, we know little about whether health anxiety, in general,
is a factor in responsiveness to health threatening information
about drugs; as would occur in drug recall announcements and
publicity about lawsuits against pharmaceutical companies. It is
also unclear the extent to which potential litigation could affect
responses to a drug recall.

For the current study, we created a simulated FDA recall
of widely used over-the-counter medications, controlling
information related to adverse effects and experimentally
manipulating the potential for financial compensation
(litigation). We also measured health anxiety and examined
its predictive potential, along with that of litigation, and their
interaction, with respect to three outcome variables; (1) self-
reported symptom endorsement, (2) cognitive performance, and
(3) physiological functioning, in order to gauge the consequences
for both subjective and objective outcomes. Finally, we also
collected a control condition to assess self-reported symptoms
and health anxiety outside of the Food and Drug Administration
(FDA) context. This experimentally controlled context permitted
an analysis of variables that often cannot be differentiated in a
naturalistic situation.

Health Anxiety
Individuals with low levels of health anxiety are generally less
likely to consider themselves at risk for adverse health events.
Indeed, most people have an optimistic bias regarding health
risks (Weinstein, 1984, 1987). Individuals with high health
anxiety, however, tend to believe they are unhealthy, and endorse
more symptoms of illness (e.g., Pennebaker, 1982; Watson and
Pennebaker, 1989; Ellington and Wiebe, 1999; Feldman et al.,
1999). Health anxious individuals may adopt illness beliefs more
quickly and seek out information to validate their negative health
beliefs (e.g., Barsky and Klerman, 1983; Kellner, 1986; Warwick,
1989; Cioffi, 1991; for a broader etiological account, see Cisler
and Koster, 2010). Research also suggests that measures of health
anxiety capture a health content-specific version of the broader

construct of negative affect, and the former relates more strongly
to the endorsement of physical symptoms (Lecci et al., 1996). It is
also the case that when individuals are in a situation/context that
itself can elevate health anxious responding, symptom reporting
may be especially exacerbated for those already predisposed to
experiencing health anxiety (Lecci and Cohen, 2002). Because
information contained in drug recall publicity emphasizes
adverse, health-threatening effects, we hypothesize that health
anxiety will predict symptom endorsement in the simulated drug
recall. Moreover, in keeping with previous research (e.g., Lecci
and Cohen, 2002) we hypothesize that the association with health
anxiety will either be non-existent or not as pronounced in the
absence of a potentially health threatening context (i.e., when
there is no FDA drug recall).

The Influence of Monetary Incentives on
Behavior
Monetary incentives are powerful motivators of behavior (e.g.,
Benabou and Tirole, 2006). It is therefore not surprising that
increased symptom endorsement is seen among those seeking
financial compensation through litigation (Rohling et al., 1995).
This can be reflected in the concept of “compensation neurosis,”
which is defined as the exaggeration of symptoms resulting
from the opportunity to obtain financial reward through legal
compensation (Hall and Hall, 2012). The field of neuroeconomics
also provides evidence that financial incentives influence brain
activity in brain systems associated with expectancy (placebo)
effects (Scott et al., 2007), suggesting that financial incentives may
influence actual symptom experience.

Individuals also can be motivated to malinger (feigning
symptoms for external gain) without experiencing deleterious
consequences of exposure to the drug. In neuropsychological
settings, estimated rates of malingering range from 15 to 64%
according to a meta-analysis that included eleven studies that
provided data on malingering (Heaton et al., 1978; Trueblood
and Schmidt, 1993; Larrabee, 2003). The detection of malingering
often utilizes objective measures, such as assessments of cognitive
performance, in addition to the information derived from
self-report measures, but it is the objective performance-
based measures that can provide the more conclusive findings
(e.g., performing significantly below chance on performance
validity measures is considered a very strong indicator of
malingering, as the individual would have to know the correct
response and choose the incorrect alternative in order to
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score significantly below chance; e.g., Rogers and Bender,
2013). Malingering is also associated with an “amplified
presentation” of symptoms (i.e., more symptoms relative to
genuine experiences of pathology and perhaps more than those
with higher health anxiety), including endorsing large numbers
of symptoms, high symptom severity, and endorsement of
erroneous symptom stereotypes (Walczyk et al., 2018). The
literature is clear in illustrating that malingering is associated with
elevating symptom reporting and intentional underperformance
on objective cognitive measures for those involved in litigation It
is also likely that people experiencing more symptoms (physical
and psychological) and functional consequences (marked by
underperformance on cognitive measures) are more likely to
litigate for compensation (see Samra and Koch, 2002). Thus,
differentiating malingering from legitimate symptom experience,
or from a health anxious response in people who have taken a
drug and report adverse reactions is notoriously difficult, and this
has proven to be the case even for trained medical professionals
(Bellamy, 1997). Given the widespread publicity associated
with drug recalls and the involvement of a psychologically
diverse population, similar large-scale challenges are likely to
exist in this context. We predict that when individuals are
presented with the opportunity to participate in litigation
during a simulated drug recall, they will do so regardless
of their health anxiety. Moreover, in keeping with research
examining the influence of external contingencies on malingering
in college students (e.g., Boskovic, 2020), we predict that the
litigation condition will result in greater symptom endorsement
and possibly more problematic functioning (lower scores) on
objective measures.

Response to Drug Recalls
In 2021, the United States accounted for over 46% of
worldwide pharmaceutical sales and is the world’s leading
consumer of pharmaceuticals (Health, Pharma and Medtech,
2022). A consequence of the extensive use of medicines is
product recalls in the pharmaceutical industry, which have
increased dramatically over the years (Dickinson, 2001). The
U.S. Food and Drug Administration (FDA) can mandate
industry-wide recalls when there is a perceived risk to human
health (U.S. Food and Drug Administration, 2022), and such
recalls are far more common than industry-generated recalls
(Dickinson, 2001). As an example, in 2013 the FDA listed
59 different drugs on its website that were recalled, the
majority of which were Class I recalls, meaning exposure
to the drug or product is more likely to cause "serious
adverse health consequences or death" (U.S. Food and Drug
Administration, 2013). Previous research focused mainly on the
demographics of those who respond to recalls, their attitudes
toward the companies involved in the recall (e.g., Blasche
et al., 2008), or the characteristics of those who fail to comply
with recall notifications (e.g., Cohen et al., 2012). However,
there is a dearth of research examining the psychological
variables that influence responses to drug recalls. Thus, the
current research will focus on individual differences in health
anxiety, experimentally manipulated litigation potential, and
their interaction with respect to respondents’ self-reported

symptoms, cognitive performance, and physiological responses
to a drug recall announcement.

The Present Research
The present study represents an experimental design with
one manipulated categorical predictor variable (litigation/no
litigation) and one measured continuous predictor (health
anxiety). Three measures of health anxiety were employed and
the presence of a common external motivator (opportunity to
join a class-action lawsuit) was the experimentally manipulated
variable. The importance of controlling the financial incentive
is that drug recalls provide a context in which malingering
(i.e., feigning symptom endorsement for monetary gain) can
occur, and this motivation is conceptually distinct from
symptom endorsement due to the experience of health anxiety.
Additionally, publicity about class action lawsuits implies that
a drug or medical device is dangerous while simultaneously
incentivizing adverse event reporting for the potential of
monetary gain. We also subsequently collected data in a second
sample regarding health anxiety and symptom endorsement
without mentioning the FDA recall to determine the impact of
the recall context itself.

The outcome variables of interest were self-reported symptom
endorsement, objective cognitive performance, and objective
physiological responding, and each of these were assessed within
the context of a simulated FDA recall. Importantly, it is not
known how financial incentives interact with health anxiety to
impact adverse event symptom endorsement or cognitive and
physiological outcomes.

To better understand these variables, relatively healthy
individuals were recruited who would presumably have a low
base rate of symptom experience and reporting. Moreover, the
side effects for the recalled medications were contrived (i.e.,
there was no actual drug recall) and the medications all produce
pain relief and have few side-effects, which should in fact
counter symptom experience. These circumstances should make
it easier to attribute any emergent effects to the variables under
investigation. Of particular interest is whether the opportunity
to litigate and health anxiety impact; (1) the endorsement
of symptoms that are, due to the suggestive nature of the
experimental procedure, related to the recalled drug (after
controlling for reported usage and constructs related to health
anxiety, such as depression and anxiety scores), (2) performance
on a cognitive measure, and (3) physiological responding. Based
on the extant literature, it is expected that health anxiety will have
its most significant impact on subjective self-reported symptoms,
and show a weaker relation to the objective measures of cognitive
and physiological functioning.

It is well established that individual differences in health
anxiety are linked to increases in self-reported symptoms,
and that some situations can magnify health concern and
symptom reporting. For example, Camerone et al. (2021)
demonstrated that verbal suggestion could increase or decrease
pain sensitivity (referred to as nocebo hyperalgesia and placebo
analgesia, respectively) in young healthy participants, and
greater anxiety levels correlated with enhanced nocebo response
magnitude. However, the literature regarding the consequences
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for physiological and cognitive measures is more equivocal.
As an illustration, consider how expectancy effects for adverse
outcomes, conceptualized as nocebo responding, appear to result
in strong effects when focusing on subjective, patient reported
symptoms (e.g., Turi et al., 2018; Winkler and Hermann, 2019;
Wolters et al., 2019), but those same effects are typically
smaller for more objective outcomes such as third party-
reported symptoms (Meissner, 2005). In closer alignment with
the current research, Zech et al. (2020) showed that negative
verbal suggestions (e.g., statements indicating an individual in
a clinical setting will experience pain) lead to decreases on
objective measures of physical strength; with anxiety seeming
to enhance this effect. Similarly, researchers have shown that
treatment expectations can impact motor performance, in the
form of reduced force and increased fatigue, and that higher
anxiety also plays an important role (Corsi et al., 2016).

Based on these findings and the previously discussed
literature on financial incentives and their influence on symptom
experience, the present study examined objective outcomes
in addition to subjective self-perceptions of symptoms. We
predict increases in physiological symptom experience (blood
pressure and heart rate) and decreases in cognitive functioning
(slower speed and more errors on an executive measure) as a
product of health anxiety in the face of a drug recall, but with
smaller effect sizes than will occur for the predicted increases in
subjective symptom endorsement. It is also likely that a health
anxious response set will converge with malingering in terms
of heightened symptom endorsement, but the two may diverge
with respect to the objective measures. Specifically, the literature
suggests that health anxiety would result in greater effects (higher
scores) on the physiological measures, whereas malingering may
exert a greater influence (lower scores) on the cognitive measure;
though both would result in poorer performance, with the effects
of anxiety being unintentional and the effects of malingering
being intentional. In fact, the expected effect size for the analyses
involving monetary incentives and malingering should produce
r-values ranging from 0.47 to 0.74 (see meta-analysis by Rohling
et al., 1995; see also Meyer et al., 2001). The effect size estimate
for a measure of health anxiety related to self-reported symptoms
has been documented as r = 0.40 (Lecci et al., 1996). These
are considered medium effect sizes (see Cohen, 1992). Smaller
effects are generally expected for non-self-report outcomes such
as physiological and cognitive measures (e.g., r = 0.20). To
achieve a power of 0.80 for any main effects, the necessary sample
size would range from 47 for the largest effect sizes to 194
for the smallest.

MATERIALS AND METHODS

Participants
Participants were students at a university in the southeastern
United States with an enrollment of approximately 15,000
at the time the data were collected. Participation satisfied
research participation requirements for a General Psychology
course and credit opportunities in other courses. The students
represent majors from across the university. One hundred

seventy-five participated, although 14 subjects were removed
(10 were < 18 years, three had incomplete data, and one
due to computer error). The remaining 161 participants (68%
female) comprised the current sample. The mean age was 20
(SD = 5.56), 83% were Caucasian, 2.5% African American, 4%
Hispanic, and 5.5% "other." There were no additional exclusion
criteria for this study.

Measures
Self-Reported Health Anxiety
The Minnesota Multiphasic Personality Inventory-2 (MMPI-2;
Butcher et al., 2001) is a 567-item true/false questionnaire that
is commonly used to measure personality and psychopathology
in clinical settings with well-established validity and reliability.
The MMPI-2 has scales assessing response tendencies (validity
scales) and clinical scales (Graham, 2011). This study used the
K-corrected scale 1 (Hypochondriasis; Hs) and scale 3 (Hysteria;
Hy) scores. Scores on depression (D; scale 2) and anxiety
(supplemental scale A) served as covariates. Although scales 1
and 3 are associated with increased levels of somatic symptom
reporting, the endorsement of health-based symptomatology and
those associated with psychopathological processes like health
anxiety, are considered overlapping but distinct experiences and,
as such, commonly utilized in medical assessments (Arbisi and
Butcher, 2004). The MMPI-2 is one of the most widely used
clinical measures in the field of psychology (Ball et al., 1994) and
all scales are shown to have strong internal reliability (Hunsley
et al., 1988). In the present study, the MMPI-2 scales 1 and 3 serve
as a contrast to a measure that directly captures pure symptom
worry, the Whitely Index.

The Whitely Index
The Whitely Index (Pilowsky, 1967) is a 14-item questionnaire
rating the degree to which statements are true (1 = "Not at
all" and five = "Extremely"). The Whitely Index assesses health
fear/anxiety and includes questions such as "Are you bothered
by many pains and aches?" and "Do you think that you worry
about your health more than most people?" (Pilowsky, 1967,
1978). The Whitely Index’s test-retest reliability, convergent
validity, and internal reliability have been established previously
(Speckens et al., 1996).

Cognitive Functioning
The Trail Making Test (TMT; BrainBaseline R© by Digital
Artefacts R©, Iowa City, IA, United States) was administered
using a first-generation Apple R© iPad R©. The TMT used in this
study required participants to draw lines connecting numbers
in numerical order from 1 to 2 to 3 (Part A). The software
provided completion time, errors, and restarts (reinitiating a trial
after a line tracing error). Performance on the trail-making test
Part A has been interpreted by neuropsychologists as reflecting
attention, visual search and scanning, psychomotor speed, and
the ability to execute and modify a plan of action (Salthouse
and Fristoe, 1995). (Note: The computer program also included
Trails B. However, some participants were not given the proper
directions for this task, especially when errors occurred, thereby
creating unknown variability due to the instructional set. As a
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result, these scores are not presented.) The TMT is recognized as
one of the most commonly used neuropsychological assessments
(Rabin et al., 2016), it can be administered quickly on a computer
for high levels of standardization and has also been used to detect
malingering (e.g., Iverson et al., 2002).

Physiological Functioning
The Omron Automatic Blood Pressure Monitor, Model HEM-
7311, assessed blood pressure and pulse from the left arm
while participants were seated with their left arm extended at
a 90-degree angle with the body. Resting blood pressure and
heart rate were recorded from a single digital readout by the
research assistant. The Omron device is listed on the US Blood
Pressure Validated Device Listing, and was calibrated at the
start of the study with a second, automated blood pressure and
heart rate device.

Self-Reported Symptoms
Participants were asked whether they experienced any of
the listed side effects/symptoms in response to the recalled
medications, with ratings ranging from 0 (meaning "not at all") to
3 (meaning "a great deal"). A sum of these ratings was computed.
The symptoms included; difficulty sleeping, nausea, diarrhea or
constipation, light-headedness, blurred vision, lower back pain,
difficulty concentrating, difficulty breathing, rapid heart rate, and
tingling in the extremities. Each of these symptoms is among the
most reported by adults (Verbrugge and Ascione, 1987).

Procedure
The study took place in the clinical research unit of a building
operated by the university’s school of nursing within the college
of health and human sciences, where students are trained to
conduct clinical pharmaceutical research; thereby providing a
realistic backdrop. Participants who volunteered were informed
that they were taking part in a national FDA-funded study
regarding a recent recall of over-the-counter pain medications.
Signage indicating that this was an FDA field site was posted at
the building entrance and in the hallway outside the lab. Eight
female research assistants (RAs), who were advanced college
undergraduate students, collected all of the data. The RAs had
been members of the lab for at least one semester prior to the
data collection, and received course credit for directed individual
study. They were trained in the procedure over the course of
4 weeks and were monitored for consistency by a senior student
who used the data for an honor’s thesis. Because the computer
program randomly assigned participants to one of two litigation
conditions that differed only with respect to the content of one
part of the mock FDA webpage, the RAs would not have been
privy to condition at the time the data were collected.

Participants first read and signed informed consent. The cover
story for the study provided to participants was that the FDA was
collecting information on the scope of the problem associated
with the drug recall and the possible health consequences,
especially among young, healthy adults. Participants were then
directed to a professionally developed, mock version of the FDA
website, which contained a link to information on a recent drug
recall. The website was, in fact, hosted on a microcomputer
that, unbeknownst to the participants, was not linked to the

internet. The mock FDA website informed the participants that
they had initiated a recall on commonly used pain medications
due to aversive side effects. The recalled medications list included
Tylenol, Extra Strength Tylenol, Tylenol PM, Tylenol Flu, Aleve,
Aleve PM, Aleve Extended Release, Goody’s, Goody’s Extra
Strength, BC, BC Arthritis, and Walmart brands of ibuprofen
and acetaminophen. Possible side effects, ostensibly associated
with taking these medications, were also listed (identical to the
self-reported symptoms listed above).

Half of the participants were randomly assigned to a condition
in which they were informed on the mock FDA website that
there was a class-action lawsuit associated with the drug recall
and that they could take part (litigation condition). The potential
monetary compensation for the class action was stated to be
between $46,300 and $1,000,000 depending on their symptoms,
the size of the final award, and the number of people joining
the class action. Individuals were asked to click a link to indicate
their interest in entering the class action lawsuit. The remaining
participants were assigned to a condition in which the website
informed them that they could not litigate due to a Supreme
Court decision (non-litigation condition).

Participants then indicated how often in the previous year
they had used the named medications and rated how often
they experienced specific aversive symptoms. Blood pressure
and pulse were taken while the participant was seated at
a table. Participants then completed the computerized TMT,
which was described as a test of attention, and then completed
the Whitely and the MMPI-2. Total testing time with each
individual participant was between 90 and 120 min. Afterward,
participants were fully debriefed and provided believability
ratings (1 "completely" to 4 "not at all"). The procedure was
approved by the host university’s institutional review board, and
none of the data have been published elsewhere.

Data were subsequently collected for a control condition. This
post hoc data collection allowed us to examine the effects of
the FDA context, though importantly, the participants were not
randomized for this analysis. Sixty-seven participants completed
the same self-report measures as noted above, but with no
information regarding the FDA recall or litigation (i.e., FDA
condition v. control, with these conditions coded +1 and –1,
respectively). The 67 participants for this control (no FDA)
condition had an average age of 19.41 years (SD = 3.21) and was
77.8% Caucasian. Age and gender did not differ significantly from
those in the original sample. See Figure 1 for an overview.

All participants were awarded experimental credit for their
psychology class in exchange for their time. The presented
research was approved by the host institution’s Institutional
Review Board (#H1011-160).

Statistical Analyses
Hierarchical regression analyses were employed to examine the
predictive value of health anxiety, the manipulated condition,
and their interaction. The experimental condition was effect
coded, with +1 denoting the litigation condition and –1 for the
non-litigation condition. Similarly, when comparing the FDA
context to the subsequently collected data with no FDA context,
we employed effect coding (+1, –1, respectively). All other
variables were centered within their respective distributions.
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FIGURE 1 | Flowchart describing the procedure.

An interaction term was created by multiplying the centered
variables by the effect-coded condition, and follow-up probes
were used to assess all interactions (Aiken and West, 1991). All
analyses were conducted controlling for summed usage scores
(the extent to which the medications were used), with this
information entered in Step 1 of the regression. The main effects
of health anxiety and the effect coded experimental condition
were entered in Steps 2 and 3, respectively, and their interaction
was entered in Step 4. Effect size estimates are reported in the
form of r-square values and Cohen’s ds for the obtained results,
and 95% confidence intervals are reported for the interactions.
Small to medium effect sizes were estimated to emerge based
on the literature, and G-Power was used to estimate the needed
sample size to achieve statistical power of at least 0.80 (i.e.,
N > 150). Outlier analyses indicated no problematic values and
there were no issues with multicollinearity. Correlations between
the scales used to assess health anxiety are reported in Table 1.

RESULTS

Most participants (80.4%) rated the FDA recall as "completely
believable" (rated as 1) and 19.6% reported it as "believable" (rated

as 2) with a mean rating of 1.2 (SD = 0.4) out of 4 (rated as
“completely not believable”; 13 participants were not given this
question). The data to follow report on all participants, as the
findings are the same irrespective of the believability ratings,
providing further support that participants held similar views
with respect to the credibility of the experimental procedure.

Predicting Self-Reported Side-Effect
Symptom Experience
The mode and mean usage were "a few times per year" for 75%
of the sample, and <15% of the sample reported weekly or daily
usage. Symptom experience scores ranged from 0 to 47 (M = 14.7,
SD = 9.1). Self-reported usage of the recalled medications

TABLE 1 | Correlations between individual difference measures of health anxiety.

Hs Hy Whitely

Hs ___ 0.75* 0.44*

Hy ___ 0.38*

Whitely ___

*p < 0.01.
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accounted for 3.6% of the variance in symptom endorsement
(Cohen’s d = 0.386) [F(1,159) = 5.90, p = 0.016], with higher use
being associated with higher symptom endorsement.

After statistically controlling for usage, the Whitely Index
(b = 0.47) accounted for the most variance in symptom
endorsement at 21.7% (Cohen’s d = 1.053) [Fchange (1,158) = 46.0,
p < 0.001], the Hs scale (b = 0.41) accounted for 17.1% of
variance (Cohen’s d = 0.908) [Fchange (1,158) = 34.18, p < 0.001],
and the Hy scale (b = 0.41) accounted for 16.5% (Cohen’s
d = 0.889) [Fchange (1,158) = 32.61, p < 0.001]. In all cases, higher
scores resulted in greater symptom endorsement. The three
measures of health anxiety were also simultaneously entered into
the regression equation, yielding a total explained variance of
28.5% after controlling for usage (Cohen’s d = 1.263) [Fchange
(3,156) = 21.84, p < 0.001], with the Whitely accounting for the
bulk of the variance in self-reported symptoms (b = 0.34, t = 4.62,
p < 0.001).

Because depression and anxiety have been shown to
significantly and substantially inflate retrospective accounts of
physical symptoms (Howren and Suls, 2011), it is important
to determine if the measures of health anxiety provide unique
information. After statistically controlling for usage, the MMPI-2
scores of depression (clinical scale 2) and anxiety (supplemental
scale A) together accounted for 12.1% of the variance in
symptoms (Cohen’s d = 0.742) [Fchange (2,157) = 11.23,
p < 0.001], which is statistically significant and a substantial
effect. Nevertheless, each of the three measures of health anxiety
continue to significantly predict symptom endorsement over and
above depression and anxiety, with the Whitely, Hs and Hy
accounting for an additional 11.5% (Cohen’s d = 0.721) [Fchange
(1,156) = 24.63, p < 0.001], 12.6% (Cohen’s d = 0.759) [Fchange
(1,156) = 27.45, p < 0.001], and 12.7% [Fchange (1,156) = 27.73,
p < 0.001] of the variance, respectively. Moreover, when
examined collectively, the three measures of health anxiety still
account for an additional 19.7% (Cohen’s d = 0.991) [Fchange
(3,154) = 15.68, p < 0.001] of the variance in symptom
reporting after controlling for usage and MMPI-2 depression
and anxiety scores.

Condition (litigation vs. non-litigation) was not a significant
predictor of symptom endorsement, and there were no significant
interactions between health anxiety and condition (Table 2).

We also evaluated the effect of the FDA recall by comparing
the full 167 participants to the subsequently collected 67
control participants. Medication usage did not differ significantly
in this group as compared to the original sample. Using
regression analyses it was also shown that there were no main
effects for condition (exposure to mock FDA drug-recall vs.
control) on self-reported symptoms (Fchange = 0.722, p = 0.396).
Interactions between condition and each of the three measures

TABLE 2 | Descriptive information for symptom endorsement by condition.

Mean SD

Non-Litigation 14.45 8.49

Litigation 15.08 11.72

Control 16.19 16.41

of health anxiety also failed to reach significance for self-reported
symptoms. Under these conditions, however, the total explained
variance in self-reported symptoms for the three measures of
health anxiety after controlling for usage was 12.6% (Cohen’s
d = 0.759) [Fchange (3,62) = 3.33, p = 0.025], which is less than
half that obtained when there was an FDA recall context (which
had 28.5% explained variance; Cohen’s d = 1.263). Thus, although
still significant, the effect for the measures of health anxiety in this
control condition is trending smaller; Fisher’s z = 1.52, p = 0.06.

Predicting Cognitive Performance
Regression analyses were used to determine whether health
anxiety and the litigation condition predict performance on
the cognitive measure (restarts, errors, and completion time
for TMT Trails A).

All measures of health anxiety significantly predicted restarts
for TMT Trails A after controlling for usage. The Hy scale
accounted for 6.9% of the variance in restarts (Cohen’s d = 0.544)
[Fchange (1,158) = 11.72, p = 0.001], the Hs scale accounted for
6.2% of the variance (Cohen’s d = 0.514) [Fchange (1,158) = 10.44,
p = 0.001], and the Whitely Index accounted for 4.1% of the
variance (Cohen’s d = 0.414) [Fchange (1,158) = 6.85, p = 0.01]. In
all cases, higher scores on the measures of health anxiety resulted
in more restarts (poorer performance).

Significant interactions between health anxiety and litigation
condition also emerged when predicting restarts on Trails A (see
Table 3 and Figures 2–4). To probe these interactions, values
for participants who were low and high on the various measures
of health anxiety were estimated. On each subscale, participants
scoring 1 SD above the mean were identified as high in health
anxiety and those scoring 1 SD below the mean were classified
as low in health anxiety (Aiken and West, 1991). Simple slopes
analyses revealed that as Hy {β = 0.37, t(86) = 3.64, p < 0.001,
CI [–0.291, –0.015]}, Hs {β = 0.34, t(86) = 3.33, p < 0.001, CI [–
0.279, –0.007]}, and Whitely {β = 0.39, t(86) = 3.77, p < 0.001,
CI –0.354, –0.082]} scores increased, there were more restarts on
Trails A for those in the non-litigation condition. In contrast,
in the litigation condition, Hs [β = 0.13, t(73) = 1.10, p = 0.28],
Hy [β = 0.16, t (73) = 1.39, p = 0.17], and Whitely [β = –0.02,
t(73) = –0.16, p = 0.87] scores were not related to restarts.

Interactions also emerged between litigation condition and
two of three health anxiety measures when predicting errors for
Trails A, after controlling for usage (see Table 3 and Figures 5, 6).
To probe these interactions, values for participants who were low
and high on the health anxiety were estimated at 1 SD above
and below the mean of each subscale, respectively. Simple slopes
analyses revealed that as Hs {β = 0.27, t(86) = 2.52, p = 0.013,
CI [–1.993, –0.164]} and Hy (β = 0.28, t = 2.67, p = 0.009,
CI [–2.109, –0.257]) scores increased, there was an increase in
Trails A errors for the non-litigation condition. Whereas for the
litigation condition, Hs [β = –0.06, t(73) = –0.49, p = 0.62] and
Hy [β = –0.08, t = –0.66, p = 0.52] scores were unrelated to errors.

All measures of health anxiety significantly predicted the time
of completion for Trails A. The Hy scale accounted for 7.7% of
the variability in completion time (Cohen’s d = 0.578) [Fchange
(1,158) = 13.26, p < 0.001], the Hs scale predicted 6% (Cohen’s
d = 0.505) [Fchange (1,158) = 10.18, p = 0.002], and the Whitely
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TABLE 3 | Significant interactions for cognitive performance on Trails A outcomes.

Outcome measure Predictor R2
change Fchange β SE(β) 95% confidence interval p-value

Restarts Hy × Con 0.027 4.82 –0.153 0.070 –0.291, –0.015 0.030

Restarts Hs × Con 0.024 4.25 –0.143 0.069 –0.279, –0.007 0.041

Restarts Whit × Con 0.057 10.0 –0.218 0.069 –0.354, –0.082 0.002

Errors Hs × Con 0.039 6.37 –1.183 0.469 –2.109, –0.257 0.013

Errors Whit × Con 0.033 5.42 –1.078 0.463 –1.993, –0.164 0.021

Completion Time Hs × Con 0.018 3.07 –2106.0 1201.63 –4478.90, 266.96 0.082

R-square change values for Hy, Hs, and Whitely increase on restarts in all cases to 0.031, 0.03, and 0.059, respectively, after statistically controlling for depression
and anxiety scores.

Index accounted for 3.9% of the variability in time (Cohen’s
d = 0.403) [Fchange (1,158) = 6.39, p = 0.012]. In all cases, as
health anxiety increased, participants took longer to complete
Trails A. No significant effects for time of completion emerged
for the litigation condition. The interaction for the Whitely
scores and condition was also not significant, but the interaction
between condition and Hs approached significance. The latter
was characterized by the same pattern of simple slopes as seen
in the previous analyses (i.e., significant positive beta weight, but
only for the non-litigation condition when predicting time to
complete Trails A; see Table 3).

FIGURE 2 | Plotting the interaction between the Hy scale and condition when
predicting restarts for Trails A of the TMT.

FIGURE 3 | Predicting the interaction between the Hs scale and condition
when predicting restarts on Trails A of the TMT.

Thus, health anxiety was consistently associated with poorer
performance on the TMT (slower time, and more errors and
restarts), but only in the non-litigation condition.

Predicting Physiological Functioning
Table 4 provides descriptive information for the physiological
measures. The Hs [Fchange (1,155) = 5.85, p = 0.017] and Hy
[Fchange (1,155) = 5.45, p = 0.021] scales accounted for 3.6%
(Cohen’s d = 0.386) and 3.4% (Cohen’s d = 0.375), respectively, of
the variance in systolic blood pressure after controlling for usage.
Beta weights were negative, indicating that as scores on the scales
increased, systolic blood pressure decreased. Only the Hy scale
predicted diastolic blood pressure, accounting for 3.4% of the
variability (Cohen’s d = 0.375) [Fchange (1,155) = 5.52, p = 0.02]
with a negative beta weight. The Whitely scale did not predict
any of the physiological measures.

FIGURE 4 | Plotting the interaction between Whitely and condition when
predicting restarts on Trails A of the TMT.

TABLE 4 | Descriptive information for the physiological measures.

Mean SD Range

Systolic BP 107.6 12.5 77140

Diastolic BP 67.8 8.8 51–107

Heart rate (pulse) 73.5 12.7 47–119

Systolic and diastolic BPs correlated 0.29, p < 0.001. BP measures and heart rate
were not significantly correlated with each other.
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FIGURE 5 | Predicting the interaction between the Hs scale and condition
when predicting errors on Trails A of the TMT.

FIGURE 6 | Plotting the interaction between Hy scale and condition when
predicting errors on Trails A of the TMT.

The Hs scale significantly predicted 4.8% of the variance in
heart rate after accounting for usage (Cohen’s d = 0.449) [Fchange
(1,155) = 7.73, p = 0.006]. The positive beta weight indicates that
as scores on Hs increased, so did the participants’ heart rate.

There were no effects for the litigation condition on
the physiological outcomes, and no interactions were found
between the measures of health anxiety and condition for the
physiological measures.

DISCUSSION

The present research indicates that health anxiety consistently
predicts symptom endorsement, and this association is
independent of depression and general anxiety. It was also
shown that all measures of health anxiety predicted self-
reported symptom experience, but symptom endorsement
was unaffected by the presence of financial incentives, and
only minimally affected by self-reported usage (the latter is
to be expected given the fabricated nature of the drug recall).
Although MMPI-2 measures of depression and anxiety were
also related to symptom endorsement, these psychological
variables were markedly less predictive, suggesting health anxiety
has a unique association to symptom reporting beyond more
general negative emotional states (see also Lecci et al., 1996).

Finally, although the measures of health anxiety predicted
symptom endorsement outside the context of the FDA recall
(as found in the subsequent data collected in a non-randomized
control condition), their predictive ability trended downward;
as the R-square value was less than half in size. This raises the
possibility that health anxiety-related symptom endorsement
may be modestly amplified within the context of a drug recall
announcement, though this would need to be examined in a
purposely designed experiment. Notably, the obtained effects for
health anxiety resulted in moderate to large effect sizes (Cohen,
1992), with each measure accounting for 16.5–21.7% of the
variance, and when combined, predicting more than 28% of the
variance in symptom endorsements (equating to a large Cohen’s
d = 1.25). Because the FDA recall and the adverse effects from
the medications were wholly fabricated, and because similar
findings emerged in the non-FDA condition, we can conclude
that the driving mechanism behind the reported symptoms
could not be the medications themselves, especially given that
the use of medications was low and statistically controlled.
Thus, symptom endorsement must be associated with genuine
symptom perception or malingering (i.e., intentional over-
reporting for the sake of compensation). The high proportion
of variance in symptom endorsement accounted for by health
anxiety, and the limited effect of the experimentally controlled
financial incentive suggests genuine symptom perception driven
by health anxiety is the most prominent mechanism, beyond
any tendency for general over-reporting. Importantly, usage
should not be a strong predictor because the side effects were
not actually related to the medications, and usage rates were
low. This is an essential aspect of this experimental paradigm,
as real-life drug recalls would necessarily confound usage (i.e.,
those responding to a recall notice would be those using the
drugs), a priori symptoms, which may be higher in those who
take medications, and actual medication side effects.

Consistent with the literature, using health anxiety to predict
subjective outcomes (self-reported symptoms) resulted in larger
effects relative to the prediction of objective cognitive and
physiological measures (e.g., Drici et al., 1995; Beedie et al.,
2008). However, the current findings add to the literature by
illustrating; (1) an effect even for young, healthy individuals, (2)
the extensive impact of health anxiety (large effect sizes) when
the context is methodologically controlled, and (3) interactions
between health anxiety and external incentives (litigation)
when examining a cognitive outcome. Thus, when considering
responses to an FDA recall, the resulting effects appear to depend
upon how the sequelae are quantified (i.e., which outcome
variable is considered).

With respect to the interactions between health anxiety
and litigation potential, it was found that greater health
anxiety typically resulted in more problematic TMT (cognitive)
performance in the non-litigation condition, whereas health
anxiety was unrelated to TMT performance in the litigation
condition. This finding may have some implications for
differentiating a health anxiety-driven response from a
malingering response when, for example, dealing with
individuals who are falsely claiming to experience cognitive
difficulties in the context of a lawsuit (see section “Implications”).
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In the present study, MMPI-2 measures of health anxiety
(Hs and Hy) were associated with lower scores on at least one
of the blood pressure readings, and Hs scores were associated
with increased heart rate. One possible explanation for the latter
finding is that an acute stress response is prompted by the
fear of what the aversive symptoms could mean. Activation
of the sympathetic autonomic nervous system, part of the
"flight or fight" response, is well documented and is known
to cause an increase in heart rate, as well as other changes
(Jansen et al., 1995). Of course, what is unknown is whether the
observed physiological differences are durable or simply reflect
a short-term response. It is more difficult to explain why those
participants with higher health anxiety displayed a decrease in
their systolic blood pressure, as previous research has not shown
this effect. However, the current results do suggest that there may
be tangible physiological changes associated with the measures of
health anxiety, indicating effects that extend beyond self-reported
symptom endorsement to changes that may be less apparent to
the individuals experiencing them.

Implications
When notifying the public about FDA recalls, it is general
practice to list adverse responses (symptoms) that are thought
to be associated with the recalled medication. From an ideal
standpoint, the recall should activate risk perceptions for those
who have used the medications, as well as activating mental
representations of coping procedures that are linked to specific
actions, such as discontinuing use of the medications and
following up with any resulting symptoms (see the common-
sense model of self-regulating health and illness; Leventhal et al.,
2003). However, those with high health anxiety may be especially
attuned to information about adverse effects and more prone to
experience changes in their health perceptions (Salkovskis and
Warwick, 2001; Lecci and Cohen, 2002). Although announcing
the symptoms associated with a drug recall may inadvertently
negatively impact the perceived health (i.e., trigger symptom
reporting) of individuals with high health anxiety independent
of whether participants even took the medication, it also appears
to be the case that health anxiety predicts symptom reporting
without the pretext of an FDA recall. The latter finding is in
keeping with the literature that links health anxiety with a wide
range of chronic medical conditions and symptom experiences
(see review by Lebel et al., 2020). Similar findings may also
occur for broader related constructs such as negative affectivity
(Watson and Pennebaker, 1989), as this construct has also
been linked to broad symptom endorsement (e.g., Barsky, 1992;
Karoly and Lecci, 1993). Indeed, the revised symptom perception
hypothesis explicitly predicts that the negative emotional states
of anxiety and depression uniquely and powerfully influence
retrospective reports of physical symptoms (Howren and Suls,
2011), and this would be in keeping with how symptoms were
reported in the current study. However, in the current research,
measures of health anxiety remained significant and substantial
predictors even after statistically controlling for depression
and anxiety scores. Thus, although constructs reflecting broad
negative emotional states undoubtedly play a role in predicting
symptom endorsement, there remains a substantial effect for

the experience of health anxiety in symptom reporting (see
also Barsky et al., 2002).

Another potential implication of this research is in the arena
of pharmaceutical development. The Code of Federal Regulations
(45CFR46) mandates the safety of individuals who participate in
research, and consistent with this mandate, all four phases of FDA
approved clinical trials involve close monitoring of the side effects
and adverse events (e.g., National Institutes of Health, 1999). The
U.S. Food and Drug Administration (2010) defines adverse events
quite broadly as "any untoward medical occurrence associated
with the use of a drug, whether or not considered drug-related"
(p. 7). Thus, even the perception of symptom experiences may
be sufficient to be considered an adverse event. Consequently,
the presence of health anxious individuals in a drug trial could
increase the likelihood that otherwise safe medications are
identified as having too many adverse events. Health anxiety
may also be responsible for the common occurrence of a subset
of symptoms that appear as side effects for many medications.
Health anxiety may also create noise in the identification of
genuine drug effects. Because medication effect sizes are typically
classified as small to extremely small (Cohen, 1992; Cuijpers
et al., 2010; Bartolucci et al., 2011; Sullivan and Feinn, 2012;
Mustian et al., 2017), excessive adverse symptom reporting could
introduce “noise” to the measurement of genuine drug effects
that can affect the precision of measuring pharmaceutical effects.
Thus, it may be helpful to consider either screening out those with
elevated health anxiety from investigative trials or weighing their
information less (e.g., using scores on measures of health anxiety
as a covariate) so as not to unduly influence the determination of
adverse effects associated with the drug under investigation.

It is also essential to note that the endorsement of symptoms
in healthy participants required very little symptom information
when it was given in an official context. This raises the question
of how these results impact actual drug recalls. Interestingly,
when offered the opportunity to partake in a class-action lawsuit,
all but one participant agreed to do so despite the fabricated
symptoms associated with the FDA recall. This indicates a
high willingness to join class-action lawsuits even in cases
where there is no possibility that those joining the suit have
experienced adverse effects caused by the product. Although
this has implications for malingering, it must be acknowledged
that there was no main effect for the potential to litigate for
any of the measures. Moreover, high health anxiety resulted
in a performance that was atypical for malingering on the
cognitive measure, as more problematic scores emerged in the
non-litigation condition as compared to the litigation condition.
Thus, the observed findings are more complex in nature, and a
health anxiety response-set may be distinct from a malingering
response-set. [Note: this conclusion is further bolstered by the
fact that MMPI-2 measures that have been used to assess
possible malingering, F scale and scale 4 (Pd) scores, account
for markedly less variance in symptom endorsement after
usage; only 5.9% combined, and do not account for significant
variance in Trails A scores. Moreover, the three measures of
health anxiety explain an additional 22.8% of the variance after
entering the F scale and scale 4 scores; Fchange 3,154 = 17.34,
p < 0.001.]

Frontiers in Psychology | www.frontiersin.org 10 June 2022 | Volume 13 | Article 818724121

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


fpsyg-13-818724 June 7, 2022 Time: 13:35 # 11

Lecci et al. Health Anxiety, Litigation, Drug Recalls

Finally, the current findings may have implications that
go beyond the influence of health anxiety on symptoms
endorsement. For example, nocebo responses can occur when
expectations of adverse outcomes of medical treatments or agents
produce negative or worsening health symptoms (Benedetti
et al., 2007; Mitsikostas et al., 2020). Beliefs about risks,
expectations of specific symptoms and anxiety are known to
increase nocebo responses (Colloca and Benedetti, 2007; Cocco,
2009; Colloca and Miller, 2011; Daniali and Flaten, 2021), and
information about adverse effects can trigger nocebo responses
(Bagarić et al., 2021). For example, negative messaging by health
professionals about side-effects increases reports of cognitive
problems in people receiving chemotherapy (Jacobs et al., 2017),
and media reports about WiFi radiation can increase reports of
somatic symptoms (Bräscher et al., 2017). Similarly, it has been
established that adverse event reporting related to vaccination
is associated with news coverage and internet database search
numbers in the concurrent month (Faasse et al., 2017). In
their review of the mechanisms underlying nocebo responding,
Benedetti et al. (2007) suggested that anticipatory anxiety
aroused by information plays a significant causal role. Thus, the
response to highly publicized drug recalls and lawsuits could
be conceptualized as a form of nocebo responding (involving
anticipatory health anxiety), and future research could explore
this theoretical connection more deeply.

Historically, differentiating between health-anxious somatic
responses and malingered responses has proven difficult, despite
notable differences in causality (i.e., somatic responses being
related to genuine symptom perception and malingering being
associated with feigned symptom experience; Bellamy, 1997).
“Compensation neurosis” was once offered as an intermediate
explanation for these phenomena when individuals experience
exaggerated symptoms when faced with the stress of seeking
financial compensation, but has lost favor due to the emergence
of newer health-related DSM disorders (Hall and Hall, 2012). The
current research offers deeper insight into how these phenomena
differ during an FDA recall, with individual differences in health
anxiety having much more pronounced effects than the potential
for financial compensation.

Limitations and Future Directions
The studied population may have impacted the results. College
students are young and healthy and tend to use pain medication
sparingly relative to older individuals and clinical populations.
Indeed, the usage data from the current study indicate that
75% of participants only used pain medications a few times per
year and in relatively small doses. A future study could focus
on the elderly or those with chronic pain, where the usage of
pain medication would be much higher. Because we did not
collect information on the incidence of other medical conditions,
general health, or medications to treat any conditions, this may
confound our findings, and future research could collect such
data. Future studies could also focus on the college population
but target medications that are more commonly used by that
group, such as attention deficit disorder, asthma, and depression
medications. It is expected that by focusing on populations or
medications with higher rates of use, the emergent effects could

be more prominent, because the attribution of symptoms to
those medications would plausibly be more extensive. In the
current study, we addressed this issue by statistically controlling
for medication usage. However, it is essential to recognize that
studying a young and healthy population can be advantageous
in that it reduces confounds that complicate the analysis with
older and/or less healthy individuals. For example, those who
actually take pain medications are likely experiencing more
pain and other related symptoms like depression, and could be
experiencing more side effects from medications. They also may
be more likely to believe they are entitled to some compensation
for their symptoms. Thus, although a college student sample
necessarily undermines the generalizability of the findings, it
provides added control over potentially confounding variables, as
this group would have fewer confounding health conditions and
would be less likely to take pain medications on a regular basis
(e.g., Wensing et al., 2001; Green et al., 2016).

The current study did not control for the cognitive abilities
of the participants, and this could have impacted scores on the
cognitive measure. Of course, this would be more problematic for
our measured variables (e.g., health anxiety), but less so for the
experimentally manipulated variable (e.g., litigation potential),
as the latter involved random assignment and presumably an
unbiased allocation of cognitive abilities.

Ecological validity is always a concern in research. Although
we likely mimicked an FDA recall, the cognitive and physiological
assessments were less ecologically valid, and the experimental
nature of this research is distinct from naturally occurring
symptoms outside the lab. Health anxiety does predict symptom
endorsement in general, though effect sizes tend to be smaller
(e.g., Feldman et al., 1999). However, the experimental nature
of this research and the use of a simulated drug recall are
instrumental in isolating the impact of litigation potential
on health anxiety. Notably, a manipulation check indicated
participants believed they were participating in a genuine FDA
drug recall, suggesting a relatively high level of ecological validity
in the current research, despite its experimental nature. Similarly,
it could be argued that retrospective symptom reporting is subject
to biased recall. Class-action lawsuits in response to drug recalls,
however, rely on similar types of reporting (i.e., the participation
of individuals who have taken medications over some past period
of time), meaning the current study’s retrospective nature is
ecologically valid, at least with respect to the drug recall context.

Similar research has demonstrated an association
between chronic pain and personality types characterized
as "hypochondriacal" (Johansson and Lindberg, 2000) or
"neurotic" (Ramirez-Maestre et al., 2004). The current research
could be seen as building on these findings by suggesting that
this association may be due, at least in part, to the propensity
to perceive pain rather than being fully explained by the
nociceptive input. Much like the previously discussed concept
of "compensation neurosis," the currently reviewed literature
reflects a modernization in terminology and conceptualization
(from "hypochondriasis" to "health anxiety"), which parallels the
evolving nomenclature from the DSM-IV to the DSM-5.

An additional sample with no FDA information was collected
after the completion of the original study in an attempt to provide
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some degree of control for the FDA context. Obviously, this
is less than ideal, as there would be other potential systematic
differences, and assignment to the FDA/no FDA context was not
randomized. This necessarily limits our conclusions regarding
the FDA context itself, as confounding variables such as
participant maturation effects, could attenuate our ability to
detect differences between these conditions.

Although we did obtain some findings of significance with
respect to the physiological measures, it is noted that the
measurement of blood pressure and heart rate can be less accurate
when it is only measured once (e.g., Whelton et al., 2017).
Similarly, additional cognitive data could be collected to provide
convergent validity and improve measurement accuracy. Even
the inclusion of TMT B data as a standalone or in combination
with TMT A data could be used to generate index scores (e.g.,
difference scores and/or ratios) that could provide additional
sensitivity to the consequences for cognitive functioning (see
Tyburski et al., 2020). Unfortunately, the TMT B data were
unavailable for the current study.

Finally, there is significant overlap between the common
symptoms presented in the current research and symptoms
associated with anxiety. For example, of the nine common
side effect symptoms considered in the current study, six
are recognized as generalized anxiety symptoms (Steer
and Beck, 1997); and similar claims could be made of the
study’s physiological measures (blood pressure and heart
rate). This overlap in symptoms may further confound
the differentiation of health anxiety-based effects from
real medication side effects in health-anxious individuals.
Importantly though, the current research shows that
measures of cognitive functioning, like the TMT, were
impacted by health anxiety. Because TMT performance
is not typically associated with anxiety (e.g., Waldstein
et al., 1997), it is reasonable to assume the studied drug
recall effects are unique from those solely associated with
anxiety responses. Future research, however, may wish to
employ additional measures to parse out the influence of
anxiety responses.

CONCLUSION

This experimental study sheds light on the relationship
between health anxiety and symptom endorsement, cognitive
performance, and physiological functioning in the context of
an FDA drug recall announcement; and few studies to date
have explored the psychological variables at play under such
circumstances. Of particular note, symptom endorsement was
strongly predicted by health anxiety and these effects remain
strong after statistically controlling for depression and anxiety.
Even objective outcomes such as blood pressure, heart rate,
and cognitive performance were modestly predicted by health
anxiety, but not by the litigation condition. And interactions
consistently emerged for the cognitive task, with generally poorer
performance for those with higher health anxiety in the non-
litigation condition; whereas health anxiety was unrelated to
performance for the litigation condition.

In short, the present research and the general literature
suggest that there are likely to be numerous, complex, and
interacting factors that influence how individuals react to health-
related information in the context of a drug recall. Importantly,
individual differences in health anxiety appear to merit further
attention not simply for self-reported data but also for what
are considered more objective outcomes. This is in keeping
with a trend in the literature indicating that how health-
related phenomena are perceived is at least as important as the
phenomenon itself, even with respect to physiological responses
(see Crum and Langer, 2007; Benedetti et al., 2011). Health
anxiety-based effects have the potential to decrease precision in
the context of drug recalls, making it increasingly difficult to
distinguish those whose symptoms are the result of genuine drug
effects, those whose symptoms are related to the drug recall, and
those whose responses are motivated by the potential to litigate.
Although it is general practice in drug recalls to list potential
adverse side effects caused by the medications in question, this
may elicit unintended symptom experiences and health anxious
individuals may be more susceptible. Thus, further consideration
of health anxiety, perceived health, and their interactions with
situational factors is indicated in better understanding how
individuals respond to drug recalls.
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Persistent physical symptoms have a high prevalence and a large impact for patients
and society. To date, treatment effects for these symptoms are often limited. Nocebo
effects (i.e., negative outcomes that are not attributable to active treatment components)
have a substantial influence on treatment success and can be established via learning
through classical conditioning. Therefore, interventions aimed at reducing nocebo
effects by means of counterconditioning, in which an alternative association (inhibiting
the previous association) is learned, could be a promising method for improving physical
symptoms. In experimental studies, counterconditioning has been shown promising
in reducing experimentally-induced nocebo effects on pain and itch. Application of
counterconditioning procedures to reduce nocebo effects on clinical symptoms has
yet to be researched. This paper provides a protocol of a 6-week counterconditioning
intervention aimed at reducing nocebo effects and clinical pain in patients with
fibromyalgia. A study in patients with fibromyalgia is proposed to examine the feasibility
and potential effectiveness of this counterconditioning intervention as a novel treatment
method for reducing nocebo effects and generalization to clinical pain symptoms.
Results can help design an optimized treatment protocol for reducing nocebo effects,
based on the experiences of participants and the first indications of treatment efficacy.

Keywords: nocebo effects, counterconditioning, persistent physical symptoms, open-label, classical
conditioning

INTRODUCTION

Persistent physical symptoms have a high prevalence and a large impact for patients and society. To
date, treatment of these symptoms is effective to a limited extent. Potentially, targeting placebo and
nocebo effects (i.e., positive and negative treatment outcomes not attributable to active treatment
components, respectively) could provide a novel pathway to prevent or decrease persistent physical
symptoms. Placebo and nocebo effects have consistently been found to affect physical symptoms,
such as pain, in a positive or negative way, respectively (Benedetti et al., 2003; Colloca et al., 2008;
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Vase et al., 2009; Colloca and Finniss, 2012; Bartels et al., 2014;
Colagiuri et al., 2015; Peerdeman et al., 2016; Ba̧bel et al., 2017;
Thomaidou et al., 2020). For example, when patients are told a
certain procedure will cause a stinging pain, they may experience
more pain than when patients are told the procedure will only
feel like a slight pinch. Or, when patients had several treatments
at the hospital causing nausea, they might already start to feel
nauseous upon merely entering the hospital. Because it is not
always possible to prevent such nocebo effects from occurring,
it is relevant to examine the potential effects of treatments aimed
at reducing nocebo effects.

Classical conditioning is an important associative learning
mechanism for the induction of nocebo effects (Bräscher et al.,
2018; Thomaidou et al., 2020). During nocebo conditioning, an
aversive stimulus (unconditioned stimulus, US; e.g., a highly
painful stimulus) leading to an unconditioned response (UR; e.g.,
pain increase) is paired with a neutral stimulus (typically a sham
treatment, such as a sham electrode). Repeated pairing of the two
stimuli during a learning or acquisition phase (e.g., pain stimulus
together with activation of a sham electrode) can lead to the
neutral stimulus (e.g., activation of a sham electrode) becoming
a conditioned stimulus (CS). This CS will elicit a similar response
(conditioned response; CR, i.e., pain increase) as the UR, even
without the US being present. This may also occur in patients
with persistent physical symptoms, especially since they may
have had several negative treatment experiences. For example, if
a person experienced side effects to a certain drug in the past,
they may experience these side effects again while taking another
drug, merely because they were negatively conditioned in the past
(Barsky et al., 2002).

As classical conditioning plays such an important role in the
induction of nocebo effects, methods attenuating conditioned
effects may be promising for reducing nocebo effects. The
attenuation of conditioned effects has been studied more
extensively in the field of fear and evaluative conditioning than
in the field of nocebo research. Conditioned fear responses can
be reduced by extinction, during which the CS is no longer
presented together with the US. Through this, the association
between CS and US decreases, leading to diminishing of the
CR (Vervliet et al., 2013). Furthermore, exposure therapy, which
is based on the principles of extinction learning by exposing
people to fearful situations in a safe way without anything bad
happening to them, can effectively treat fear responses (e.g.,
spider phobia). Exposure therapy has also been shown effective
for chronic pain, as it reduced pain catastrophizing, fear of
pain, perceived harmfulness of activities, as well as functional
disability (Leeuw et al., 2008; Woods and Asmundson, 2008;
Glombiewski et al., 2018). Another method to reduce conditioned
effects is counterconditioning, during which the US is replaced
by a US of opposite valence. For example, if the CS was
previously paired with an electric shock, this shock could be
replaced during counterconditioning by a monetary reward. This
might lead to more beneficial effects than merely stopping the
reinforcement of the CS as in extinction. Multiple studies have
found counterconditioning to successfully diminish conditioned
effects, but results on the superiority of either extinction or
counterconditioning within the field of fear and evaluative

conditioning are mixed, as shown by a recent review paper
and another recent study (Jozefowiez et al., 2020; Keller et al.,
2020). Additionally, long-term efficacy is not often measured, but
one of the studies did show that during spontaneous recovery
and reinstatement tests (a day after fear induction), diminished
threat expectancy was found in the counterconditioning group
(Kang et al., 2018). However, CS valence did not differ between
the counterconditioning and extinction groups. Furthermore,
another study showed counterconditioning to result in a short-
lived reduction of distress related to the CS+, but this effect
disappeared during later test phases (Hendrikx et al., 2021).
Therefore, it may be worthwhile to investigate long-term effects
of counterconditioning and whether counterconditioning may be
more beneficial in preventing relapse than extinction.

In nocebo research in physical symptoms it has been
shown that conditioned nocebo effects are relatively resistant to
extinction (Colloca et al., 2008; Colagiuri et al., 2015; Colagiuri
and Quinn, 2018) and it may therefore be worthwhile to try
the more active strategy of counterconditioning for reducing
nocebo effects. While studies comparing efficacy of extinction
and counterconditioning for reducing nocebo effects are scarce,
they consistently showed counterconditioning to be superior
to extinction, as counterconditioning can even reverse nocebo
effects into placebo effects (Bartels et al., 2017; Thomaidou et al.,
2020). This finding is also supported by a recent preprint paper
(Meijer et al., 2021). Although these studies are promising, only
healthy participants were examined on the experience of acute
physical symptoms, and the experiments were done in a single
session and in a highly regulated environment, making it difficult
to translate these findings to patients with persistent physical
symptoms in clinical care.

Based on the existing literature on counterconditioning in
fear and evaluative conditioning studies, as well as the limited
knowledge base on experimental counterconditioning in nocebo
studies, a counterconditioning treatment protocol was developed
for application in patients with persistent physical symptoms,
in particular patients with fibromyalgia. As to our knowledge
no other study investigated a counterconditioning treatment
protocol to counteract nocebo effects, it is important to first
study the feasibility and potential effectivity of such a treatment.
Therefore, the current paper describes both the development
and design of a 6-week counterconditioning treatment protocol
aimed to reduce (clinical) pain in patients with persistent
physical symptoms.

METHODS AND ANALYSIS

A 6-week counterconditioning treatment protocol for use in
patients with persistent physical symptoms was developed based
on previous literature on counterconditioning in fear and
evaluative conditioning, as well as the limited literature on
counterconditioning in nocebo effects. The treatment consists of
7 weekly sessions (1 intake session and 6 treatment sessions),
with 2 follow-up appointments 3 and 6 months after end of
treatment. The treatment protocol will be described firstly below.
As this treatment protocol has never been tested before, a first
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study was designed, to test whether patients are able to complete
the protocol and whether there are indications for treatment
efficacy. This study design will be described after the treatment
protocol. When indications for efficacy have indeed been found, a
large-scale randomized controlled trial could be conducted, using
the same methods as described below (potentially with minor
changes based on the results of the first study).

DESIGN OF TREATMENT PROTOCOL

Pain Induction
To be able to test the efficacy of counterconditioning, first a
nocebo effect is induced in all participants, using open-label
nocebo conditioning. To be able to condition a nocebo effect
on pain, pain will have to be induced. In studies on nocebo
pain conditioning, several pain-induction methods could be
chosen. The most commonly used pain-induction methods are
the application of thermal and electrical stimuli. Although these
pain-induction methods are effective in research settings, when
applying (counter)conditioning in pain patients, the choice of
US would ideally be based on the clinical symptoms patients are
experiencing in daily life. While some patients with chronic pain
may experience a burning-like type of pain (e.g., patients with
MS), which resembles thermal pain, or visceral pain (e.g., patients
with IBS), other patients (such as patients with fibromyalgia)
experience a deep-tissue pain, which is more closely resembled
by pressure pain (Wolfe et al., 1990; Gracely et al., 2003; Petzke
et al., 2003). Therefore, in this study pressure pain is used during
the (counter)conditioning procedures.

Pressure pain is induced by applying pressure to the thumbnail
of the non-dominant hand, with a custom-made automated
pneumatic stimulator (named PEPPA), specifically built for
this study by SOLO (Support for Research, Laboratories and
Education, Leiden University). A handpiece is attached to the
stimulator and has a plastic piston that applies pressure via a
1 cm2 hard rubber probe. Participants can insert their thumb in
a cylinder opening in the handpiece, after which the probe can
deliver pressure on the middle of the thumbnail. The thumbnail
was selected as a neutral location in which participants feel little
to no clinical pain during testing. As previously reported (Petzke
et al., 2003; Jensen et al., 2009), this is a safe location for repeatedly
delivering pressure stimuli. Stimulus duration is set at 2.5 s,
with an inter-stimulus interval of 30 s. The minimal amount of
pressure administered is 0.5 kg, whereas the maximum is 13 kg.
Finally, an emergency stop is attached to the stimulator, which
participants can press if they cannot tolerate the administered
pain. After pressing the emergency stop button, all air pressure
is released immediately, and they can remove their thumb. All
components of PEPPA are displayed in Figure 1.

Sham Transcutaneous Electrical Nerve Stimulation
Device
A sham Transcutaneous Electrical Nerve Stimulation
(TENS) device (Bentrotens T37, Bentronic Gesellschaft fuer
Medizintechnik GmbH, Wolnzach, Germany) will serve as
nocebo conditioning stimulus (CS) in the first part of the
treatment (the conditioning session), during which it is

FIGURE 1 | Components of PEPPA. 1 shows the main device, 2 the
emergency stop button, and 3 shows the handpiece. The picture on the right
shows how the thumb can be placed into the handpiece.

associated with an increase of pressure pain. During the second
(main) part of the treatment (counterconditioning sessions),
it will again serve as CS, now associated with a reduction of
pressure pain. This device is developed to automatically switch
off after 30 seconds, meaning it will no longer send any electrical
pulses and becomes a sham device. The activation within the
first 30 seconds is according to usual TENS use (i.e., using mild
electrical pulses). Participants are told it is a sham device but are
instructed that it will still have an effect on their pain because of
the placebo effect as has previously been found to be effective in
open-label placebo studies.

Pressure Pain Calibration
To find the optimal pressure intensity for no pain (0-1/10 NRS),
slight pain (2.5-3.5/10 NRS), and moderate pain (5-6/10 NRS),
for the individual participant to be used in the intervention, we
will conduct a calibration procedure consisting of three phases.
For the non-painful stimulus, a minimally painful pressure
intensity (0-1/10 NRS) is accepted, as we expect sensitization
to occur due to repeated pressure administration. In phase 1 of
calibration, pressure stimuli (0.5 kg increments) are applied in
ascending order, up to the first pressure intensity participants
rated as ≥6. In the second phase, five intensities are applied three
times, this time in a random order. The intensities will range
from the highest amount of pressure rated as 0 in phase 1, up
to the highest pressure rated between 5 and 6. If there will not be
any scores between 5 and 6 during phase 1, a formula is used to
calculate the best-fitting value (see Supplementary Appendix 1).
Then, in the third phase, a calibration check is performed. Three
intensities are chosen by taking the median of all intensities that,
during the second phase, are rated within the intended ranges
for no, slight, and moderate pain. If participants will not score
in one or more of the intended ranges, formulas are used to
inter- or extrapolate the best-fitting intensity (see Supplementary
Appendix 1). During the third phase, participants will need
to rate at least one out of two (or two out of three for slight
pain) stimuli within the ranges for no, slight and moderate pain.
If these requirements will not be met, formulas will again be
used to calculate the best-fitting intensity (see Supplementary
Appendix 1). Participants who will not experience enough pain
(i.e., will not rate their pain at least 5/10 at the maximum amount
of pressure), or who will experience too much pain during the
lowest intensity (i.e., will rate their pain above 1 from the lowest
amount of pressure applied), are excluded.
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FIGURE 2 | Procedures used for conditioning and counterconditioning.

Intervention
Nocebo Conditioning
Nocebo conditioning will consist of a learning and testing phase
(see Figure 2). During the learning phase, a message (“ON” or
“OFF”) on the screen in either purple or yellow will indicate the
activation of the TENS device. If the TENS device is indicated
to be on, this is repeatedly paired with a pressure stimulus of
a moderate intensity (5-6/10 on NRS). If the TENS device is
indicated to be off, this is paired repeatedly with a pressure
stimulus of a slightly painful intensity (2.5-3.5 on NRS). The
learning phase will consist of 10 experimental (“ON”) trials
and 10 control (“OFF”) trials, presented in a pseudorandom
order (max 2 stimuli of the same trial type - experimental or
control - follow each other). The testing phase will consist of 3
experimental trials and 3 control trials, again in pseudorandom
order with the same rule. During the testing phase, a slightly
painful stimulus is administered during all trials, regardless of
the message on the screen. The test phase is used to assess
whether a nocebo effect was induced, as would be indicated
by an (on average) higher score on experimental than on
control trials. Additionally, participants are given open-label
suggestions about the conditioning procedure, as they are told
that conditioning is used to teach them that the activation of
the sham device increases their pain, by manually increasing the
intensity of pressure stimuli during experimental trials. They are
also instructed on the nocebo effect and how this will affect their
pain. A detailed description of the suggestions can be found in
Supplementary Appendix 2.

Counterconditioning
Counterconditioning will also consist of a learning and
test phase, similar to nocebo conditioning (see Figure 2).
Counterconditioning is intended to reduce the nocebo effect,

by now repeatedly pairing the alleged TENS activation (ON
trials) with a non-painful stimulus, instead of the moderately
painful stimulus during nocebo conditioning. The procedure
is almost identical to nocebo conditioning, with the only
difference being that now a non-painful (0-1/10 on NRS) pressure
stimulus is paired with activation of the sham TENS device.
The test phase is again used to test whether a nocebo effect
is still present, by comparing experimental and control trials.
Potentially, a placebo effect could be induced, indicated by
an (on average) lower pain score on experimental than on
control trials. Additionally, participants are given open-label
suggestions about the counterconditioning procedure, as they
are told counterconditioning is used to teach them that the
activation of the sham device will now decrease their pain,
by manually decreasing the intensity of pressure stimuli after
experimental trials.

Nocebo effects induced in the lab can be reduced by
counterconditioning in a single session (Bartels et al., 2017;
Thomaidou et al., 2020). However, in clinical care, patients may
have had several negative treatment experiences, instead of a
single occasion as in nocebo conditioning in the lab. This may
make these nocebo effects even more resistant to treatment.
Additionally, as we want to promote long-term efficacy of
the treatment, the counterconditioning procedure is repeated
several times. As literature on the use of counterconditioning (or
related methods, such as systematic desensitization) in clinical
care is limited in the field of fear and evaluative conditioning
(Keller et al., 2020) and non-existent in nocebo research, it is
difficult to determine the optimal number of sessions. Ideally,
the treatment is easily accessible and therefore consist of as
few sessions as possible, while maintaining optimal treatment
efficacy. Therefore, the main intervention during this study will
consist of 6 sessions (1 per week) and 2 follow-up sessions (at 3
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and 6 months after the final session) to boost the intervention
and assess long-term effects. This is much more than previous
lab studies on healthy participants. A first study with this design
will shed light on the course of nocebo reduction (e.g., how
many sessions are needed before the nocebo effect is reduced
and after how many sessions a potential effect on clinical pain
is found). Potentially, this may also differ per person, as we know
susceptibility to nocebo effects also differs between people (Manaï
et al., 2019). Based on this information, the amount of sessions
may be optimized for future applications. If the nocebo effect
is not yet fully reduced after 6 sessions, but a decrease has been
found, the intervention could be expanded with more sessions.

Open-Label Suggestions & Conditioning
One of the most important disadvantages of using traditional
placebo and nocebo conditioning procedures is the fact that
it usually involves deception. During traditional placebo and
nocebo research, participants are not aware of the fact that
the treatment they are receiving is actually a placebo, nor are
they aware a conditioning procedure is used (Benedetti et al.,
2003; Colloca et al., 2008; Bartels et al., 2014, 2017; Colagiuri
et al., 2015; Ba̧bel et al., 2017; Thomaidou et al., 2020,?). While
deception is generally considered acceptable for research, it is
problematic to use deception in clinical care, as patients should
always be fully informed regarding the treatment they are about
to receive (Riddick, 2003). Deception could harm the trust in
both the healthcare professional and the treatment (Miller et al.,
2005; Peerdeman et al., 2021), which could lead to reduced
treatment efficacy and treatment adherence. Open-label placebos
have been examined in several studies (in both healthy and
clinical populations) and have been found to be an effective
treatment (Sandler and Bodfish, 2008; Kaptchuk et al., 2010;
Carvalho et al., 2016; Schaefer et al., 2018; Kleine-Borgmann
et al., 2019); in some studies, open-label placebos were even
as effective as closed-label placebo treatments (Locher et al.,
2017; Lembo et al., 2021). An open-label procedure of nocebo
or placebo conditioning has only been compared to closed-
label procedures once so far, in which no differences were
found between open- and closed-label conditioning (Meeuwis
et al., 2019). Although evidence on the efficacy of open-label
(counter)conditioning is scarce, closed-label suggestions and
(counter)conditioning procedures are not ethically appropriate,
and thus open-label counterconditioning seems the most fitting
option when considering such procedures for reducing nocebo
effects in clinical care. A more detailed description of the
suggestions can be found in Supplementary Appendix 2.

Homework
In between sessions, participants are asked to do homework
exercises to promote generalization of nocebo reduction to
everyday life. Participants are asked to apply at home what they
have learned in the lab, in order to also reduce their clinical
pain symptoms. During the first few weeks, participants will
use the TENS device at home; they are asked to connect the
TENS device to electrodes they will place on their forearm (as
during the lab sessions) and are then asked to think back to
the lab session and how the device influenced their pain during

the session. Then they are asked to imagine the device will now
also influence their clinical pain, anywhere in their body. During
the final weeks, participants will no longer use the TENS and
will instead visualize the function of TENS to reduce their pain.
A detailed description of the homework exercises can be found in
Supplementary Appendix 3.

Study Design
Participants
Participants are females diagnosed with fibromyalgia syndrome
by a general practitioner or medical specialist. Participants must
be at least 18 years old and have a good understanding of written
and spoken Dutch. Exclusion criteria consist of severe somatic or
psychiatric morbidity that may interfere with the study protocol
(e.g., heart/lung diseases), Raynaud’s disease, injuries on the non-
dominant hand, refusal or inability to remove nail polish or
artificial nails on the thumbnail of the non-dominant hand for the
experiment, having metal implants in the non-dominant hand or
arm, having a medicinal pump, and pregnancy or breastfeeding.

Design
A randomized, between-within subjects design is used, with
two groups (see Figure 3 below). Participants are randomly
assigned (1:1) to either the intervention group or the control
group. Participants in the intervention group receives the
counterconditioning intervention, whereas participants in the
control group receives a sham intervention. A randomization list
is made by an independent person and group allocation is noted
down on paper and inserted into an opaque envelope, which is
opened after the pressure pain calibration procedure, to reduce
experimenter bias during calibration. Since all experimental
manipulations contain open-label verbal instructions, neither
the experimenter nor the participant can be fully blinded to
group allocation. Nevertheless, participants are not be explicitly
told whether they are in the intervention or control group. The
intervention consist of seven weekly sessions and two follow-up
sessions (three and six months after the initial seven weeks).

Control Group
A sham intervention can serve as control, meaning a sham
version of both conditioning and counterconditioning can be
used. Sham conditioning and counterconditioning consist of the
same amount of trials as the (counter)conditioning procedures,
with the same intensities of pain administered (see Figure 2).
The major difference is that the pain intensities are not associated
with activation or deactivation of the sham TENS device.
The 20 pain stimuli of each learning phase are presented
randomly, just as the order of the messages (“ON” and “OFF”).
Maximally 2 of the same messages (“ON” or “OFF”) follow each
other. Furthermore, participants are explicitly told there is no
association between the messages and the pain stimuli. More
information on the open-label suggestions will be given below
and in Supplementary Appendix 2.

As for the homework exercises, participants in the control
group also use the TENS device at home during the first weeks,
but participants have not learned a specific association between
the device and pain relief in the lab. They receive a neutral version
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FIGURE 3 | Overview of the treatment protocol for use in patients with persistent physical symptoms, distinguished by group. The (sham) intervention parts of the
procedure are emphasized by using purple dotted lines.

of the task. A detailed description of the homework exercises can
be found in Supplementary Appendix 3.

Self-Report Measures
Several validated questionnaires are filled out by participants,
as well as some questions on their medical history and
demographics. Table 1 gives an overview of all questionnaires
and when they are administered. The Fibromyalgia Impact
Questionnaire (FIQ, (Burckhardt et al., 1991), and a Numeric

Rating Scale (NRS; 0 (no pain) to 10 (worst pain imaginable))
measuring average intensity of clinical pain during the last week
is used to track symptoms of patients throughout the study.
Other measures are used to explore the influence of personal
characteristics (i.e., Pain Catastrophizing Scale (PCS, (Sullivan
et al., 1995)), State and Trait Anxiety Inventory – Trait Scale
(STAI-T, (Spielberger, 1983)), State and Trait Anxiety Inventory –
State Scale, Short Form (STAI-Ss, (Marteau and Bekker, 1992)),
Life Orientation Test Revised (LOT-R, (Scheier et al., 1994))).
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TABLE 1 | Overview of administered questionnaires throughout the intervention.

Time point Questionnaire

Intake session Questions on medical history
Questions on demographics
State-Trait Anxiety Inventory-Trait
Scale Pain Catastrophizing Scale
Life Orientation Test-Revised

Session 1-6, 3- and 6-month
follow ups

Numeric Rating Scale clinical pain
Fibromyalgia Impact Questionnaire
State-Trait Anxiety Inventory-State
Scale Expectations regarding the
intervention

Multiple times during every
session (except intake session)

Numeric Rating Scale on pressure
pain levels Numeric Rating Scale on
valence of CS/control cue

Session 6 + 3- and 6-month
follow-ups

Evaluation questionnaire

Additionally, the expectations participants have regarding the
intervention are measured every session (except for the
intake session). This is measured using 2 questions asking
whether participants believe the intervention will influence 1)
experimentally-induced pain on the thumb and 2) their clinical
pain, using a 0 to 10 numeric rating scale (NRS), with 0 meaning
“will not influence pain at all” and 10 meaning “will very strongly
influence pain”.

Experienced pain throughout the sessions (during calibration
and (counter)conditioning) is measured using an NRS from 0 to
10 (0 indicating no pain, 10 indicating worst pain imaginable on
the hand). Additionally, valence is measured, as it is argued in
studies on fear and evaluative conditioning that the change in
CS valence might be important to prevent reinstatement of the
previously conditioned effects (De Jong et al., 2000; Meulders
et al., 2015; Van Dis et al., 2019). It is therefore important
to investigate whether CS valence is successfully altered by
counterconditioning. Valence of the CS and control cue is
measured after the 1st and 10th trial of the learning phase and
after the 1st trial of the test phase. It is measured using an NRS
ranging from −5 to +5, with −5 meaning “extremely unpleasant”,
0 meaning “neutral” and +5 meaning “extremely pleasant”.

Finally, to measure patient satisfaction, an evaluation
questionnaire is filled out by participants at the end of session
6 and the 3- and 6-month follow-up. This questionnaire includes
questions on the patient-researcher interaction, their satisfaction
regarding the intervention in general, whether the amount of
sessions is feasible, whether they believed the intervention to have
an effect on their pain (both in the lab and at home) and which
group they thought they were placed in.

Procedure
Participants are invited to the lab 9 times (intake session, 6
intervention weeks, 3- and 6-month follow-up). Figure 3 gives
an overview of the procedure.

Screening and Intake
Participants are screened over the phone before inviting them to
the lab, to check whether they are eligible to participate. If eligible,

participants are invited to the lab for a first appointment, the
intake session, in which the intervention is fully explained to the
participants. Additionally, participants are asked to fill in most of
the questionnaires mentioned in Table 1.

Session 1
During session 1, participants fill out several questionnaires (see
Table 1). Afterwards, pain levels are calibrated as described above,
followed by a 5-min break. Subsequently, participants undergo
the nocebo conditioning procedure, which is not repeated in
the other sessions. After nocebo conditioning and a 10-min
break, the counterconditioning procedure follows. The session
is concluded by instructions on the homework exercises, which
participants do daily between the sessions. In total, the duration
of the first session is approximately 2 h.

Session 2-6
During sessions 2 to 6, participants will again fill out several
questionnaires. Then pressure pain calibration is checked by
only repeating phase 3 of the calibration procedure, to ensure
the administered intensities are still perceived similarly to the
first session. If this is not the case, intensities are adjusted using
standard formulas (Supplementary Appendix 1). After a 5-min
break, the counterconditioning procedure will start, after which
the session is concluded. In between sessions, participants will
do daily homework exercises. The duration of session 2-6 is
approximately 35-45 min. Only during session 6, an evaluation
questionnaire is filled out by participants at the end of the session.

Follow Ups
The follow ups are almost identical to sessions 2-6. Again, the
sessions will start with the participants filling out questionnaires,
after which calibration step 3 is repeated. Then, participants
will undergo only a test phase of counterconditioning, to test
long-term effects of the intervention. Through this, it is assessed
whether the nocebo effect is still absent and whether potentially
a placebo effect is still present. After this test phase, the regular
counterconditioning procedure is repeated, to boost the effect of
the intervention. In both follow-up sessions, a short evaluation
questionnaire is filled out at the end of the session. The duration
of both follow-up sessions is approximately 45 min.

Objectives and Statistical Analyses
As the current treatment protocol has never been tested before,
it would be relevant to first test the feasibility of the protocol.
Once proven feasible, a larger randomized controlled trial could
be conducted to test efficacy of the treatment protocol.

The main study parameter in a first study is the feasibility
of the counterconditioning intervention. This can be done
by looking at the drop-out rate; by measuring participants’
satisfaction with the intervention; by examining what, according
to the participants, is causing the possible increase and
reduction of experimentally-evoked pressure pain in the test
phase of (counter)conditioning (e.g., the TENS device, the
placebo or nocebo effect); and by examining the amount of
experimentally-evoked pressure pain reported during the test
phase of counterconditioning, whether this reduces over time, as
well as the speed of this reduction.
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Next to examining the feasibility, a first study could also
exploratively look at indications that the counterconditioning
intervention affects experimentally-evoked pressure pain from
pre- to post-treatment. To this aim, it can be explored whether
the induced nocebo effect in the intervention group can be
successfully reduced (or even reversed) by comparing the
confidence intervals of the change in the conditioned nocebo
effect from the test phase of conditioning (session 1) to the
counter conditioned nocebo effect from the test phase of
counterconditioning (session 6) in the intervention group and
the control group. The effect size and confidence interval of the
difference between groups will also be calculated. Additionally, all
sessions are compared in terms of nocebo reduction, to be able to
assess speed of nocebo reduction.

Confidence intervals of the change in the conditioned nocebo
effect from the test phase of conditioning (session 1) to
the counter conditioned nocebo effect from the test phase
of counterconditioning at 3- and 6-month follow-up in the
intervention group and the control group can also be explored.
The effect size and confidence interval of the difference between
groups are calculated.

Finally, whether there are indications of the influence
of personal characteristics (e.g., expectations regarding the
intervention, amount of anxiety during testing) on the feasibility
of the study and the potential effects of the intervention
can be explored. This is done by comparing the confidence
intervals of the scores on the different questionnaires on personal
characteristics in participants who drop out versus participants
who do not drop out and in participants who show a reduction
of the nocebo effect versus participants who do not show any
treatment effect (within the intervention group).

DISCUSSION

The aim of this paper was to describe a newly-developed
counterconditioning treatment protocol for patients with
persistent physical symptoms and its translation into a study
design of which a first study could test its feasibility and explore
its potential effectiveness. Nocebo effects in clinical care can
have a substantial detrimental impact on treatment outcomes
but cannot always be prevented, therefore it is important to
investigate potential treatment options for reducing nocebo
effects. While counterconditioning has been experimentally
investigated in healthy participants, the proposed treatment
protocol is the first using counterconditioning to reduce
nocebo effects in chronic pain patients (e.g., patients with
fibromyalgia). A first study will provide important insights
on how to potentially further develop this treatment protocol
for reducing nocebo effects in clinical practice. Multiple facets
are considered, such as patient satisfaction, drop-out rate, and
patient characteristics.

Anticipated Results
Feasibility
For a first study, the main outcome parameter is the feasibility
of the treatment protocol. Firstly, drop-out rate can give an

insight into patient satisfaction and into feasibility of completing
the treatment protocol as a patient. While we strive to prevent
drop-out as much as possible, one of the main aims of the
study is to investigate whether it is feasible for patients to
receive this type of treatment weekly, for multiple weeks in a
row. As for patient satisfaction, we aim for participants to be
satisfied with their treatment, by being fully open about the
study procedures (hence the open-label nature of the study).
Nevertheless, we are evoking pain in our protocol, which may
negatively affect patient satisfaction. Furthermore, although the
study is open-label, participants may still be slightly skeptical
about the procedures used, as found in other open-label studies
(Carvalho et al., 2016; Lembo et al., 2021). We strive to reduce this
skepticism as much as possible by providing an explanation of
placebo treatments and how they can be efficacious. Furthermore,
although patients were skeptical and/or expected better results
from active treatments, open-label placebos were still effective
in the aforementioned studies. Finally, we expect participants
to be able to correctly answer what influenced the intensity
of the experimentally-induced pain, which is not the TENS
device itself, but the nocebo or placebo effect (induced by
(counter)conditioning), as we are fully open about the procedure.
Nevertheless, it cannot be ruled out participants may think the
TENS device still has some influence on their pain or that
they attribute their experiences to other phenomena. If this
happens, that might indicate that our instructions regarding
the treatment are not sufficiently clear to participants and
need adjustment.

Efficacy of the Treatment
In a first study, no formal conclusions can be drawn on the
efficacy of the treatment. However, we do expect multiple findings
will point towards successful induction and reduction of nocebo
effects. Firstly, for the treatment group, we expect participants to
score higher on experimental (“TENS on”) trials than on control
(“TENS off”) trials in the test phase of nocebo conditioning
(session 1), which would be in line with other studies on nocebo
conditioning (e.g., Benedetti et al., 2003; Colloca et al., 2008,
2010; Bartels et al., 2014; Colagiuri et al., 2015; Thomaidou
et al., 2020). For the control group, we do not expect to see a
difference between the trial types, similar to results from other
studies using a sham conditioning group (Thomaidou et al.,
2020). Secondly, we expect the nocebo effect (defined as the
average difference between experimental and control trials in
the test phase of conditioning) to be larger in the treatment
group than in the control group. Thirdly, we expect to find a
reduction of the nocebo effect in the treatment group, meaning
the nocebo effect is expected to be (close to) zero or even
below zero (indicating a placebo effect), during the test phase of
counterconditioning in session 6. This is based on the findings
of the few studies investigating counterconditioning for reducing
nocebo effects of physical symptoms in healthy participants
(Bartels et al., 2017; Thomaidou et al., 2020). As for the speed
of this reduction, we will explore whether the nocebo effect can
be reduced from the first session or starting from later sessions,
and whether this reduction is stable throughout the sessions. For
the 3- and 6-month follow-ups, we expect to find similar results,
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indicating potential long-term efficacy of counterconditioning.
For the control group, we do not expect to find a change
in effect from conditioning (session 1) to counterconditioning
(session 6 or follow-ups). We also do not expect to find a
placebo effect at the end of session 6 and the follow-ups for
the control group.

Then, regarding valence of the CS, we expect the
counterconditioning procedure to affect the valence from
pre- to post-treatment. During nocebo conditioning (session 1),
we expect participants in the experimental group to rate the CS
more negatively than at the end of counterconditioning (session
6 and both follow-ups). For the control group, we do not expect
to find differences in valence from pre- to post-treatment.

Finally, it can be explored whether the counterconditioning
procedure can be translated to clinical pain. As this is the first
time this is investigated, it is yet to be determined whether
the protocol could be beneficial for reducing clinical pain. We
do, however, expect to find the counterconditioning sessions,
strengthened by the homework exercises, being able to reduce
clinical pain of participants in the treatment group, but not in
the control group.

Should the aforementioned results indeed be found, a large-
scale randomized controlled trial could be conducted afterward,
be able to draw more robust conclusions about the efficacy of the
nocebo counterconditioning treatment.

Anticipated Strengths and Limitations
An important strength of the current treatment protocol
is that it is aimed at reducing existing nocebo effects,
instead of aimed at preventing nocebo effects. Although
arguably the prevention of nocebo effects is crucial in clinical
practice, this is not always feasible, as patients need to
be informed about potential negative effects of a treatment,
which may induce nocebo effects. Consequently, developing
a treatment protocol aimed at nocebo reduction can be of
added value to clinical practice. Another important strength
of this treatment protocol is the fact that an open-label
procedure is used. As mentioned before, traditional paradigms
using (counter)conditioning are mostly deceptive procedures,
which is not suitable for a clinical treatment protocol. As
some studies have already shown the efficacy of open-
label placebos, as well as open-label conditioning, open-label
counterconditioning does seem a promising treatment strategy
for reducing nocebo effects.

Using open-label paradigms may have some disadvantages.
While it is unethical to use deception in clinical practice,
the risk of a response bias may be higher. Participants are
explicitly told (counter)conditioning is used to influence their
pain and this thus makes the intensity of stimuli more
predictable than during traditional paradigms. Furthermore,
they may be more aware of the expected outcomes, which
could also increase the risk of participants answering in a
way fitting the expectations of the researchers. This risk could
be minimized optimally by letting the participants answer
on a computer, instead of directly answering the researcher.
Additionally, nocebo effects are usually not induced in an open-
label fashion, as patients are not aware of the fact they are

being conditioned. Furthermore, instead of a single type of
negative experience, most likely a combination of experiences
has induced nocebo effects in patients. While it is important
to mimic such a negative experience for all participants, it
may be complicated to figure out which stimuli migh be
best used for counterconditioning. Therefore, once proven
potentially effective, the final counterconditioning protocol
may have to be adjusted to account for these differences in
patients’ experiences.

Moreover, the effect of extinction and exposure therapy may
be context-dependent, as found by several studies (Rodriguez
et al., 1999; Mystkowski et al., 2002; Vansteenwegen et al.,
2005). Return of fear appears to be higher in people who were
submitted to a context change after extinction or exposure
than in people remaining within the same context. This may
also be the case for the counterconditioning of the nocebo
effect, but this has not yet been researched. While in the lab
the nocebo effect is induced and reduced within the same
context, this is typically not the case in clinical practice, as the
treatment occurs in a different context than in which effects
were induced. Furthermore, it may prove difficult to translate
effects from the lab or clinic to the home situation, as this
would again be a change of context. By incorporating homework
exercises in between the weekly sessions, we aim to enable
generalization of the effects from the lab to other contexts. The
exploratory results of the study will give insight into whether this
may lead to successful generalization of the effects or whether
alternative and/or extra steps in the protocol are necessary to
promote generalization.

Practical Implications
We expect a first study to show the counterconditioning
intervention to be feasible and will provide preliminary
indications for its effectiveness in relieving pain in fibromyalgia
patients. Should this indeed be observed, a large-scale
randomized controlled trial could be conducted afterward
to assess the efficacy of the counterconditioning protocol.
Results of the first study can help inform the design of
the final protocol, based on the experiences of participants
in the feasibility study and the first indications regarding
treatment efficacy. Additionally, the counterconditioning
protocol should ideally also be compared to other methods
aimed at reducing conditioned responses, to test whether this
method is superior over more commonly used procedures,
such as extinction (exposure therapy), overshadowing,
latent inhibition and blocking (Quinn and Colagiuri,
2018). If shown effective in a larger study, the protocol
could potentially be implemented in clinical practice for
treatment of nocebo effects in patients with persistent physical
symptoms, which could consequently lead to a decrease in these
physical symptoms.
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Postoperative nausea and vomiting (PONV) are one of the most adverse events after
general anesthesia, a distressing experience, and pose a risk to the patient. Despite
advances in drug prophylaxis and PONV treatment, the incidence remains high and
additional non-pharmacological treatments are needed. In this post hoc analysis of a
recently published double-blind multicenter randomized controlled trial on the efficacy of
intraoperative therapeutic suggestions on postoperative opioid dosage, we analyzed the
effects of intraoperative therapeutic suggestions on PONV. We focus on patients with a
high risk of PONV (Apfel risk score of 3–4) and distinguished early (first two postoperative
hours) and delayed PONV (2–24 h). A total of 385 patients with a moderate or high
risk for PONV were included. The incidence of early and delayed PONV was reduced
(22.7–18.3 and 29.9–24.1%, respectively), without statistical significance, whereas in
high-risk patients (n = 180) their incidence was nearly halved, 17.2 vs. 31.2% (p = 0.030)
and 20.7 vs. 34.4% (p = 0.040), corresponding to a number needed to treat of 7
to avoid PONV. In addition, there was a significant reduction in PONV severity. In a
multivariate logistic regression model, assignment to the control group (OR 2.2; 95%
CI: 1.1–4.8) was identified as an independent predictor of the occurrence of early
PONV. Our results indicate that intraoperative therapeutic suggestions can significantly
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reduce the incidence of PONV in high-risk patients. This encourages the expansion of
therapeutic suggestions under general anesthesia, which are inexpensive and virtually
free of side effects.

Clinical Trial Registration: German Clinical Trials Register, https://drks.de, registration
number: DRKS00013800.

Keywords: general anesthesia, hypnotherapy, patient communication, postoperative nausea and vomiting,
therapeutic suggestions

INTRODUCTION

Since postoperative nausea and vomiting (PONV) are major
adverse events after surgery under general anesthesia (Cohen
et al., 1994; Apfel et al., 1999), effective interventions, which are
able to reduce the incidence of PONV, have always been the
subject of anesthesiologic research (Gan et al., 2020). In addition
to the fact that PONV is a very distressing experience (Myles
et al., 2000), it can have a direct impact on the patient’s outcome.
The appearance of PONV poses a risk of severe complications
such as suture dehiscence, aspiration, pneumonia, dehydration,
hydroelectrolytic changes, esophageal rupture, and increased
intracranial pressure (Bremner and Kumar, 1993; Schumann and
Polaner, 1999; Samuels, 2013).

Early PONV within the first two postoperative hours with
a relationship to volatile anesthetics can be distinguished from
delayed PONV (Apfel et al., 2002). Despite advances in drug
prophylaxis and treatment of PONV, the incidence remains high
and is reported to be up to 30% in all postoperative patients
and up to 80% in high-risk patients, which can be predicted
by the presence of 3 or 4 factors of the Apfel simplified risk
score, which include: female sex, non-smoking status, history of
PONV or motion sickness, and/or use of postoperative opioids
(Apfel et al., 1999). Therefore, in addition to drug treatment,
non-pharmacological measures must also be considered to
effectively reduce the incidence of PONV. One possible approach
used in the past is the application of perioperative therapeutic
suggestions, i.e., given pre- or postoperatively in hypnosis
(Holler et al., 2021), or under general anesthesia intraoperatively.
Suggestions are defined as verbal or non-verbal messages that
the receiver involuntarily accepts and follows (Varga, 2013) and
might therefore affect behavior, emotions, and autonomous body
functions. Their effects can not only be subjectively recorded, but
objectively measured and quantified (Zech et al., 2020, 2022).
It is observed that even under general anesthesia, the central
auditory pathway remains intact (Madler et al., 1991), and the
perception of sounds and words is not interrupted (Hudetz, 2008;
Sanders et al., 2012). However, several randomized controlled
trials conducted on the effects of verbal suggestions given
during general anesthesia in the past could only show very
heterogeneous results (Rosendahl et al., 2016). These trials were
small, heterogeneous in design, and conducted mainly in the
1990s and therefore did not reflect the current management of
general anesthesia and PONV prophylaxis.

A recently published double-blind multicenter randomized
controlled trial on the efficacy of intraoperative therapeutic

suggestions showed a positive effect on postoperative opioid
dosage and pain within the first 24 h after surgery, while for the
incidence of PONV no differences were observed (Nowak et al.,
2020). This study included patients at high and moderate risk for
PONV. However, especially high-risk patients need a multimodal
therapy approach to prevent PONV (Gan et al., 2020). Therefore,
the question of whether intraoperative therapeutic suggestions
influence PONV in these patients is of great interest and may have
an impact on PONV management since therapeutic suggestions
promise to be side-effect-free. Therefore, we conducted this
post hoc analysis on the effect of intraoperative therapeutic
suggestions on PONV after general anesthesia in patients with
a high risk of PONV.

MATERIALS AND METHODS

Patients and Study Design
Parts of this study were recently published and reported on the
effects of therapeutic suggestions during general anesthesia on
postoperative pain and opioid use (Nowak et al., 2020). This study
was registered in the German Clinical Trials Register (registration
number DRKS00013800, registration date 26th January 2018). In
a double-blind randomized, placebo-controlled trial in 5 tertiary
care hospitals in Germany, patients were included between the
ages of 18 and 70 who underwent elective surgery requiring
general anesthesia with a planned duration of 1–3 h and a risk
of PONV, defined by an Apfel risk score (Apfel et al., 1999)
of two or more points. Exclusion criteria were an American
Society of Anesthesiologist (ASA) score of ≥4 (Owens et al.,
1978), requirement for postoperative mechanical ventilation, or
the use of regional anesthesia. Eligible patients were included
after written informed consent.

Ethics
The study was approved by the Ethics Committee of the
Ruhr-University Bochum Medical Faculty, Bochum, Germany
(Chairman Prof. Dr. M. Zenz, approval No. 17-5957-BR)
on 15th May 2017.

Study Procedures
Patients were randomly assigned in a 1:1 ratio to intervention
or control group. After induction of general anesthesia, patients
in the intervention group listened to an Audio File containing
background music and therapeutic suggestions, based on
hypnotherapeutic principles, which included direct and indirect
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FIGURE 1 | Example text of the therapeutic suggestions used in this study.

positive messages (see Figure 1). The tape was continuously
played during surgery over earphones. At the end of surgery, a
different file was presented to prepare the patients for emergence
from anesthesia. Patients in the control group listened to a blank
Audio File. For details see Nowak et al. (2020).

General anesthesia was performed as balanced anesthesia with
volatile anesthetics (sevoflurane, isoflurane, or desflurane) at
a minimum alveolar concentration of 1.0 ± 0.2 and repeated
opioid administration. The depth of anesthesia was controlled
by electroencephalography-based monitoring (Bispectral Index,
Medtronic, Meerbusch, Germany, or Narcotrend, Narcotrend
Group, Hannover, Germany), with a target index of 40–60. Both,
a strict range of MAC above 0.8 and anesthesia depth monitoring,
guarantee exclusion of inadequate anesthesia (Merikle and
Daneman, 1996; Messina et al., 2016). Postoperative pain therapy
was nurse or patient-controlled, according to local protocols.
Before surgery, patients’ susceptibility to verbal suggestions
was tested using a modified Harvard Group 5-item Hypnotic
Susceptibility (HGSHS-5:G) (Riegel et al., 2021), and the level
of anxiety was tested using the State Trait Anxiety Inventory
(STAI-S) (Marteau and Bekker, 1992).

Postoperative Nausea and Vomiting
Management and Outcome Measures
The risk of PONV was assessed by the preoperative Apfel risk
score (Apfel et al., 1999). Only patients with medium or high
risk of PONV (2–4 points) were eligible for study inclusion.
Pharmacological PONV prophylaxis was administered before
general anesthesia induction or intraoperatively according to
local standards. These included, among others, dexamethasone,
ondansetron, droperidol, metoclopramide, or dimenhydrinate.
After surgery, the incidence of PONV was evaluated in the
recovery room (first 2 h) and 24 h after extubation (normal ward).
The severity of PONV was assessed using the simplified PONV
impact scale (0–6), described by Myles and Wengritzky (2012).

Treatment of PONV was performed again with dexamethasone,
ondansetron, droperidol, metoclopramide, dimenhydrinate, or
a combination. Antiemetic milligram equivalents (AMEs)
were calculated for the comparability of various antiemetics
(AME = ondansetron× 4+ dexamethasone× 4+ droperidol×
1.25 + metoclopramide × 20 + dimenhydrinate × 50)
(Apfel et al., 2004a).

Statistics
Sample size calculation was carried out on the primary
outcome (postoperative opioid use), which was based on a
recent meta-analysis (Rosendahl et al., 2016). Based on a 1:1
randomization ratio with an assumed effect size of 0.3, we
calculated a total of 368 patients to obtain 80% power to
detect a difference in postoperative opioid dosage at a two-
sided α level of 0.05. Baseline characteristics and outcomes
were analyzed as follows: continuous variables are presented
as mean ± standard deviation (SD) for normally distributed
variables and median and interquartile range (IQR; 25th and 75th
percentiles) for non-normally distributed variables. Categorical
variables are expressed as frequency and percentage. Comparison
of continuous variables between groups was performed using
a parametric Student’s t-test or a non-parametric Mann–
Whitney U, respectively. Categorical variables were compared
using Pearson’s Chi-square test and by calculation of the
number needed to treat (NNT). In addition, the resulting
risk differences including the 95% confidence intervals were
calculated. In contrast to the previously published data of this
study we performed, for better assessment of non-normally
distributed variables in the outcome analysis, a bootstrapping
method with resampling and calculated the means, SD, and 95%
confidence intervals. For further analysis, we post hoc formed
a subgroup of patients at high risk of PONV, defined by a
preoperative Apfel score of 3–4. For the assessment of the
joint effect of therapeutic suggestions and potential confounding
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factors in this subgroup, a logistic regression analysis was
performed with single and multiple predictors. These included:
assignment to the control group, preoperative Apfel score, dose
of intraoperative antiemetics and opioids, type of surgery, and
duration of surgery. Finally, a multivariable restricted model
was built by using stepwise backward elimination. Furthermore,
since the severity of PONV and the application of antiemetics
are not independent variables, their correlation was analyzed
represented by the Spearman coefficient. Statistical analysis
was performed with The R Project for Statistical Computing
4.0.4 (The R Foundation for Statistical Computing, Vienna,
Austria). Graphical representations of the results were created
with GraphPad Prism 8.1 (GraphPad Software, San Diego, CA,
United States). A two-sided p-value of less than 0.05 was
considered statistically significant.

RESULTS

In total, 400 patients were recruited and randomized from
January to December 2018 and 385 of them were analyzed
in the per-protocol analysis (191 in intervention and 194 in
control group), see Figure 2. The subgroup of patients with a
high risk of PONV is formed by 180 patients, 87 patients in
the intervention and 93 patients in the control group. Table 1
presents the baseline characteristics. Almost all parameters for
the entire cohort, as well as for the high-risk subcohort, were
evenly distributed between both groups. Only the distribution
of the types of surgery in high-risk patients was uneven, with
a higher proportion of intraabdominal surgeries in the control
group and a resulting lower proportion of other types of
surgery. None of the patients reported remembering to wear
headphones or listening to music or verbal suggestions. No side
effects were observed.

Incidence and Severity of Postoperative
Nausea and Vomiting
Outcomes are presented in Table 2. In the cohort of all patients
no significant differences were observed in the incidence or
severity of PONV. If the focus is set on patients at high risk for
PONV, intraoperative therapeutic suggestions showed a marked
effect. The incidence of both early and delayed PONV was
significantly reduced by 45 or 40%, respectively (Figure 3).
This corresponds to the number of patients needed to treat
(NNT) of approximately 7 to avoid one case of early or delayed
PONV. For high-risk patients, the PONV impact score was
reduced by the intervention by approximately 50% within the
first 2 or 24 h.

Use and Dose of Antiemetics
In patients with a high risk of PONV therapeutic suggestions
resulted in an absolute risk reduction for the use of postoperative
antiemetics of 11% within the first 2 h and 9% within 24 h,
although not reaching statistical significance (Table 2 and
Figure 3). The corresponding NNT was about 10. There was also
a trend to a lower dose of postoperative antiemetics by one-third
in the intervention group.

Correlation of Postoperative Nausea and
Vomiting Score and Dose of Antiemetic
Milligram Equivalent
In the control group, a small to intermediate but significant
correlation between the PONV score and the total antiemetics
dose (intraoperative and postoperative) was observed for both
time periods. With the intervention, this correlation decreased
(Table 3). Furthermore, in patients who developed PONV,
the correlation between PONV and the use of antiemetic lost
statistical significance.

Confounding Factors
Several factors associated with PONV were tested using logistic
regression analysis (Table 4). In the univariate testing, the
assignment to the control group had an impact on both early
and delayed PONV. Further significant confounders were the
preoperative Apfel risk score and intraabdominal surgery for
early PONV, and the dose of postoperative opioids for delayed
PONV. In the restricted multivariable model, assignment to
the control group, preoperative Apfel score, and intraabdominal
surgery were confirmed as independent predictors for the
development of early PONV. For delayed PONV, only the
PONV risk score and the postoperative dose of opioids remained
predictors of statistical significance.

DISCUSSION

Postoperative nausea and vomiting is one of the most common
adverse events after surgery under general anesthesia and
has a profound impact on patient comfort and satisfaction
(Myles et al., 2000). Patients are often more compromised
by PONV than by postoperative pain (Simanski et al., 2001).
Therefore, in addition to pharmacological options, effective
non-pharmacological prophylaxis and treatments are urgently
needed to reduce the incidence of PONV, especially in high-risk
patients with a dramatically high incidence between 61 and 79%
(Gan et al., 2020).

Incidence, Severity, and Treatment of
Postoperative Nausea and Vomiting
Our intervention was able to significantly reduce the incidence
of both, “early” and “delayed” PONV in patients at high risk.
Furthermore, PONV severity was halved by the intervention.
However, the mean intensity of PONV was low, probably because
more than half of these patients, although at risk, did not develop
PONV. The low incidence and severity might be attributable
to the wide use of pharmacological PONV prophylaxis in this
study and to an accompanying placebo effect. The demand for
antiemetics was reduced by approximately one-third. In general,
whenever a dose is observed, the proportion of patients treated
must also be considered. In our study, the number of patients
with demand for antiemetics was also reduced by one-third.
However, in these patients, the difference in the total antiemetic
dose between the intervention and control groups diminished.
Therefore, the main reason for the observed dose reduction was

Frontiers in Psychology | www.frontiersin.org 4 July 2022 | Volume 13 | Article 898326141

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


fpsyg-13-898326 July 15, 2022 Time: 14:45 # 5

Nowak et al. Intraoperative Therapeutic Suggestions Reduce PONV

FIGURE 2 | CONSORT flow chart of patient recruitment. No postoperative data were collected for dropouts, and they were excluded from analysis before unblinding
of the study. ICU, intensive care unit.

probably the decreased number of patients with demand for
antiemetic treatment.

Correlation Between Postoperative
Nausea and Vomiting Severity and
Antiemetic Dose
The use of antiemetics affects the severity of PONV, and the
severity of PONV triggers the use and dose of antiemetics.

Therefore, both factors must be considered. The intervention
in our study affected and reduced the correlation of these
two entities. A possible interpretation of these results is the
induction of tolerance against PONV by intraoperative positive
suggestions, where an identical dose of antiemetics results in
lower manifestations of PONV in the intervention group, and a
comparable severity of PONV leads to a lower requirement for
antiemetic treatment. This development of tolerance by a change
in the perception, the impact and the significance of nausea is one
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TABLE 1 | Baseline characteristics for all patients and subgroup of patients at high risk for postoperative nausea and vomiting, defined by pre-operative Apfel-score of 3
or 4.

All patients (n = 385) Patients at high risk for PONV1 (n = 180)

Intervention
group (n = 191)

Control group
(n = 194)

p Intervention
group (n = 87)

Control group
(n = 93)

p

Age (years), median (IQR) 52 (43–62) 54 (46–62) 0.241 52 (43–62) 53 (46–61) 0.708

Female sex, n (%) 115 (60.2) 110 (56.7) 0.484 73 (83.9) 71 (76.3) 0.205

Pre-operative score results, median (IQR)

Apfel score2 2 (2–3) 2 (2–3) 0.688 3 (3–3) 3 (3–3) 0.683

HGSHS-53 1 (0–3) 1 (0–3) 0.798 2 (0–4) 1 (0–3) 0.483

STAI-S4 41 (33–51) 40 (33–50) 0.478 43 (33–52) 44 (34–53) 0.937

NRS5 0 (0–1) 0 (0–2) 0.308 0 (0–0) 0 (0–0) 0.396

Type of surgery, n (%)

Intra-abdominal6 61 (31.9) 77 (39.7) 0.489 20 (23.0) 32 (34.4) 0.040

Thyroid gland 36 (18.8) 30 (15.5) 24 (27.6) 16 (17.2)

Gynecological7 24 (12.6) 15 (17.7) 21 (24.1) 11 (11.8)

Urogenital8 21 (11.0) 26 (13.4) 5 (5.7) 12 (12.9)

Other9 49 (25.7) 46 (13.7) 17 (19.6) 22 (23.7)

Duration of surgery (min), median (IQR) 95 (69–140) 106 (74–141) 0.144 91 (68–128) 113 (74–135) 0.113

Intra-operative drug use

Fentanyl (mg)10, median (IQR) 0.5 (0.4–0.5) 0.5 (0.5–0.6) 0.148 0.5 (0.4–0.5) 0.5 (0.4–0.6) 0.210

Sufentanil (µg)11, median (IQR) 50 (40–64) 50 (40–70) 0.232 50 (39–60) 50 (40–62) 0.494

PONV prophylaxis12, n (%) 94 (49.2) 99 (51.0) 0.722 55 (63.2) 61 (65.6) 0.740

1High risk for postoperative nausea and vomiting (PONV) is defined by a pre-operative Apfel score of 3 or 4 points. 2Apfel score: Apfel score of risk for postoperative
nausea and vomiting (0–4). 3HGSHS-5: 5-item version of Harvard Group Scale for Hypnotic Susceptibility (0–5). 4STAI-S: State Trait Anxiety Inventory Scale (20–
80). 5NRS: numeric rating scale of pain (0–10). 6 Inter alia gastric surgery, colorectal surgery, hepatic surgery, cholecystectomy. 7 Inter alia hysterectomy, ovariectomy,
pelvic floor repair. 8 Inter alia prostatectomy, bladder surgery. 9 Inter alia herniated intervertebral disc, lumbar spinal stenosis, adrenalectomy, plastic/reconstructive surgery.
10n = 85/93 (intervention/control group) for all patients and n = 47/50 (intervention/control group) for patients at risk for PONV. 11n = 106/101 (intervention/control group)
for all patients and n = 40/43 (intervention/control group) for patients at risk for PONV. 12 Intraoperative, preventive medication against postoperative nausea and vomiting
(PONV) with ondansetron, dexamethasone, droperidol, metoclopramide, dimenhydrinate, or a combination according to local protocols of each study site. The following
missing data were excluded from the analysis: 109/67 cases missing (all patients/patients at risk for PONV) for preoperative HGSHS-5 score.

possible basis of the observed effects. Others are an antiemetic
effect of the suggestions, including images of physiological
functions (the idea of appetite or of a flow downward), or
interference with the generation of nausea. In contrast to awake
interventions the suggestions were given during surgery, i.e., at
the time of surgery and anesthesia that might be responsible for
the development of nausea.

Predictors of Postoperative Nausea and
Vomiting
The risk of PONV in adults is influenced by many different
patient-specific and surgery-related factors, e.g., female sex,
history of PONV, motion sickness, non-smoking status, young
age, duration of surgery/anesthesia, and specific types of
intraabdominal surgery (Apfel et al., 1999, 2004b, 2012; Sinclair
et al., 1999). Furthermore, anesthesia-related predictors of PONV
include volatile anesthetics, nitrous oxide, and postoperative use
of opioids, while these factors are dose and duration dependent
(Apfel et al., 2002; Breitfeld et al., 2003; Habib et al., 2006;
Myles et al., 2007; Peyton and Wu, 2014). As a result, current
guidelines define different prophylactic measurements depending
on the individual risk of PONV. These include, in addition
to pharmacological antiemetic prophylaxis, the avoidance of

volatile anesthetics and nitrous oxide, and instead the use of
total intravenous anesthesia (TIVA) (Gan et al., 2020). Despite
differentiated prophylactic therapy approaches, a large number of
especially high-risk patients still suffer from PONV (Rusch et al.,
2010), with a request for multimodal approaches that also include
non-pharmacological interventions (Gan et al., 2020).

In the present study, assignment to the control group was a
significant determinator of PONV in high-risk patients, which
subsequently proved that intraoperative therapeutic suggestions
are a promising intervention against PONV. Early PONV within
the first 2 h after surgery was affected by the affiliation of the
study group, the preoperative Apfel PONV risk score, and the
type of surgery, namely intraabdominal operations. Especially the
low impact of intraoperative opioid dose and duration of surgery
for the incidence of early PONV is unexpected, as the respective
dose of inhalational anesthetics was previously described as a
determinator (Apfel et al., 2002). In contrast to the first 2 h
after surgery, where patients were in a very controlled setting
in the recovery room, delayed PONV was only affected by
postoperative opioid dose. These findings may be attributable
to the circumstances in the postoperative setting after discharge
from the recovery room to the normal ward, where many other
possible confounders occur that have not been recorded or
evaluated. As both state anxiety and hypnotic susceptibility did
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TABLE 2 | Outcome variables for all patients and subgroup of patients at high risk for postoperative nausea and vomiting, defined by a pre-operative Apfel-score
of 3 or 4.

All patients (n = 385) Patients at high risk for PONV1 (n = 180)

Intervention
group

(n = 191)

Control group
(n = 194)

p NNT2 Intervention
group (n = 87)

Control group
(n = 93)

p NNT

PONV3, n (%)

Early (within first 2 h) 35 (18.3) 44 (22.7) 0.290 23.0 15 (17.2) 29 (31.2) 0.030 7.1

Delayed (2–24 h) 46 (24.1) 58 (29.9) 0.199 17.2 18 (20.7) 32 (34.4) 0.040 7.3

Within 24 h 59 (30.9) 71 (36.6) 0.236 17.5 28 (32.2) 42 (45.2) 0.074 7.7

PONV impact scale
score4, mean ± SD

Within first 2 h 0.20 ± 0.52 0.26 ± 0.66 0.289 – 0.16 ± 0.43 0.33 ± 0.78 0.039 –

Within 24 h 0.42 ± 0.88 0.55 ± 1.09 0.173 – 0.36 ± 0.88 0.74 ± 1.33 0.017 –

Postoperative use of
antiemetics, n (%)

Within first 2 h 33 (17.3) 42 (21.6) 0.279 22.9 18 (20.7) 29 (31.2) 0.109 9.5

Within 24 h 51 (26.7) 55 (28.4) 0.717 60.6 27 (31.0) 37 (39.8) 0.220 11.4

Postoperative AME5,
mean ± SD

Within first 2 h 0.25 ± 0.66 0.30 ± 0.66 0.487 – 0.30 ± 0.66 0.49 ± 0.83 0.081 –

Within 24 h 0.42 ± 0.84 0.47 ± 0.90 0.524 – 0.47 ± 0.85 0.75 ± 1.11 0.073 –

Within first 2 h, in
patients with use of
antiemetics6

1.45 ± 0.89 1.37 ± 0.73 0.695 – 1.48 ± 0.61 1.56 ± 0.74 0.703 –

Within 24 h, in
patients with use of
antiemetics7

1.54 ± 0.93 1.66 ± 0.95 0.550 – 1.53 ± 0.86 1.87 ± 0.99 0.142 –

Hours refer to timepoint after admission to recovery room. Means, standard deviations, and 95% CIs of non-normally distributed data
were calculated by bootstrapping procedure. 1High risk for postoperative nausea and vomiting (PONV) is defined by a pre-operative Apfel
score of 3 or 4 points. 2NNT: number needed to treat. 3PONV: postoperative nausea and vomiting (defined as patient reporting nausea
or vomiting within the specified time interval). 4PONV impact scale score (0–6) by Myles and Wengritzky (2012). 5AME: antiemetic milligram
equivalents = ondansetron × 4 + dexamethasone × 4 + droperidol × 1.25 + metoclopramide × 20 + dimenhydrinate × 50. 6Amount of antiemetics within first 2 h.
7Amount of antiemetics during first 24 h.

not differ in the two groups, these parameters were not included
in the multivariate analysis, and no conclusion on their impact
can be drawn

Comparison With Other Studies
Several different medical interventions have been tested and
reported in the effort to prevent PONV (Gan et al., 2020). To
avoid one case of PONV after isoflurane anesthesia, six patients
would have to receive TIVA (Visser et al., 2001). Pharmacological
antiemetic prophylaxis with ondansetron has a NNT of 6
for the prevention of vomiting and 7 for nausea, respectively
(Tramer et al., 1997). In addition, non-pharmacological means
including acupuncture were found effective (Lee et al., 2015).
However, mainly antiemetics have found their way into the
everyday clinical practice of PONV prophylaxis established
in the meantime.

The effect of communication techniques on PONV has
also been evaluated, for instance, by studies with perioperative
hypnotherapy in awake patients (Kekecs et al., 2014) and under
the rather special condition of general anesthesia (Rosendahl
et al., 2016). In a meta-analysis of Rosendahl et al. (2016),
only 3 out of 21 included trials showed a positive effect on
the incidence of PONV. However, the overall effect identified
therapeutic suggestions to significantly reduce PONV. Since these

former studies were conducted mainly in the 1980s and 1990s
without routine PONV prophylaxis, incidence, and severity of
PONV were higher. However, our study in patients after PONV
prophylaxis demonstrated an even higher effect with a NNT of 7.

In general, the comparison of the various pharmacological
and non-pharmacological attempts of PONV prophylaxis shows
that the effect of therapeutic suggestions in our study is of
a comparable magnitude with much lower costs, effort, and
side effects. It should be noted that in clinical practice often
a combination of different treatments is necessary to achieve a
sufficient antiemetic effect and that the result is additive (Weibel
et al., 2021). In our study, almost all patients had received
pharmacological PONV prophylaxis. However, the effect was
measured against a control group with only antiemetic drugs.
Thus, it can be assumed that the observed reduction in PONV
is a direct consequence of the intervention tested. Therefore,
therapeutic suggestions could provide an inexpensive and safe
possibility for supplementation of PONV prophylaxis.

Limitations
This study has several limitations. First of all, this is a
post hoc analysis of an original study, therefore, our findings
should be tested in a prospective, sufficiently powered study.
Moreover, the role of other contributing factors than therapeutic
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FIGURE 3 | Absolute risk differences of PONV incidence and postoperative use of antiemetics for all patients and subgroup of patients with a high risk for PONV
(defined by an Apfel score of 3 or 4).

TABLE 3 | Correlation between PONV severity and dose of antiemetics.

Intervention group Control group

Rho1 95% CI p Rho 95% CI p

Patients at risk for PONV2 (Apfel score 3–4)

Intraoperative + first 2 h 0.295 0.090–0.476 0.006 0.469 0.294–0.614 <0.001

Intraoperative + first 24 h 0.317 0.114–0.494 0.003 0.415 0.231–0.570 <0.001

Patients with PONV

Intraoperative + first 2 h 0.325 −0.055 to 0.623 0.092 0.530 0.269–0.718 <0.001

Intraoperative + first 24 h 0.050 −0.329 to 0.415 0.801 0.401 0.111–0.629 0.008

PONV severity according to Wengritzky score, antiemetics standardized to antiemetic milligram equivalents (AMEs). 1Rho: Spearman correlation coefficient. 2PONV:
postoperative nausea and vomiting.

suggestions remain unclear – for example, positive effects may
also be expected from background music. Although regularly
positive effects of music on pain and anxiety can be observed,
mainly with treatment in awake patients (Cepeda et al., 2006;
Hole et al., 2015; Kuhlmann et al., 2018), evidence for an
antiemetic effect is missing (Stoicea et al., 2015). Furthermore,
a beneficial effect can also be expected from shielding the
ears from intraoperative noise and careless talk, including
negative suggestions (Hansen and Zech, 2019). However, this was
applicable to both groups in our study.

On the Underlying Mechanism
The perception of words under general anesthesia was
not unexpected, as evidence has been gathered that the
auditory pathway is preserved during anesthesia (Madler
et al., 1991; Hudetz, 2008). Moreover, the phenomenon
of “intraoperative awareness” has been described regularly

(Millar and Watkinson, 1983; Ghoneim and Block, 1992;
Schwender et al., 1994). However, our results cannot be
explained by a few patients reacting like in “intraoperative
awareness” with an incidence of only 0.1–0.2% for explicit
recall (Sanders et al., 2012) and a few percent for implicit
memory (Fu et al., 2021; Linassi et al., 2021). Therefore, auditory
impressions that a patient perceives under general anesthesia
must be critically questioned, since conversations and noises in
the operating room can have a negative influence on patients and
should be avoided (Hansen and Zech, 2019).

With regard to the mechanisms responsible for the observed
responses, we consider a reduced resistance to suggestions
after loss of critical, rational thinking and an access to the
subconscious to be responsible. This parallels the mechanism of
hypnosis that is characterized by a depression of the dorsolateral
frontal cortex (DLPFC) (Dienes and Hutton, 2013), and shows
similar beneficial effects of suggestions in surgical patients
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TABLE 4 | Logistic regression model for single and multiple predictors of postoperative nausea and vomiting in patients with high risk (Apfel score 3–4) (n = 180).

Univariable models Multivariable models

Unrestricted Restricted

OR 95% CI p OR 95% CI p OR 95% CI p

Early PONV1

No therapeutic suggestions 2.18 1.08–4.51 0.032 2.23 1.05–4.92 0.041 2.26 1.09–4.88 0.032

PONV risk score2 2.68 1.23–5.80 0.012 3.31 1.40–7.92 0.007 3.08 1.36–7.02 0.007

PONV prophylaxis3 1.22 0.84–1.80 0.297 1.13 0.70–1.81 0.618 – – –

Intraoperative fentanyl 1.15 0.35–3.53 0.812 1.78 0.16–19.25 0.632 – – –

Intraoperative sufentanil 1.00 0.99–1.02 0.542 1.00 0.98–1.03 0.771 – – –

Type of surgery

Intra-abdominal 2.08 1.01–4.24 0.045 3.00 1.00–10.05 0.059 2.66 1.17–6.20 0.021

Thyroid gland 1.23 0.54–2.68 0.611 2.06 0.60–7.60 0.259 2.05 0.80–5.22 0.131

Gynecological 0.52 0.17–1.34 0.207 0.91 0.19–4.05 0.897 – – –

Urogenital 0.95 0.26–2.85 0.927 1.81 0.36–8.45 0.454 – – –

Duration of surgery 1.00 1.00–1.01 0.337 1.00 0.99–1.01 0.874 – – –

Opioid dosage4 within first 2 h 1.03 0.94–1.12 0.493 0.97 0.88–1.07 0.600 – – –

Delayed PONV

No therapeutic suggestions 2.01 1.04–4.00 0.042 1.78 0.84–3.87 0.138 1.74 0.83–3.73 0.150

PONV risk score 2.10 0.97–4.48 0.055 2.59 1.08–6.27 0.032 2.43 1.04–5.68 0.040

PONV prophylaxis 1.31 0.91–1.89 0.151 1.02 0.61–1.67 0.928 – – –

Intraoperative fentanyl 0.44 0.13–1.37 0.170 2.10 0.15–24.09 0.560 – – –

Intraoperative sufentanil 1.01 1.00–1.02 0.031 1.01 0.99–1.04 0.372 – – –

Type of surgery

Intra-abdominal 1.59 0.78–3.18 0.194 1.43 0.48–4.48 0.525 – – –

Thyroid gland 2.08 0.98–4.35 0.053 2.63 0.83–8.93 0.109 1.85 0.80–4.25 0.147

Gynecological 0.22 0.05–0.67 0.017 0.49 0.09–2.29 0.384 0.31 0.07–1.02 0.081

Urogenital 1.09 0.33–3.13 0.874 1.62 0.34–7.14 0.530 – – –

Duration of surgery 1.00 0.99–1.01 0.913 0.99 0.98–1.00 0.127 – – –

Opioid dosage within 24 h 1.10 1.05–1.16 <0.001 1.08 1.02–1.15 0.009 1.08 1.03–1.14 0.004

Hours refer to timepoint after admission to recovery room. Restricted models were built by stepwise backward elimination. 1PONV:
postoperative nausea and vomiting. 2PONV risk score: Apfel score of risk for postoperative nausea and vomiting (0–4). 3Antiemetic milligram
equivalents = ondansetron × 4 + dexamethasone × 4 + droperidol × 1.25 + metoclopramide × 20 + dimenhydrinate × 50. 4Morphine milligram
equivalents = piritramide × 0.7 + tilidine × 0.2 + oxycodone × 0.8.

(Kekecs et al., 2014). The difference between low incidences of
“intraoperative awareness” and the high incidence of perception
in this study may be explained by the content. While it is random
in explicit memory (thoughtless conversations in the operating
room) and neutral in experiments of implicit memory (test texts),
it is characterized by meaning in the application of therapeutic
communication before or during surgery. In experiments with
intraoperative simulation of a ventilation incident, 8 out of 10
patients had an implicit memory or reaction (Levinson, 1965).
While the reports on “intraoperative awareness” with its low
incidences did not lead to a general change in the behavior in
the operating rooms over all those years, hopefully the present
demonstration of intraoperative perception will.

Intraoperative therapeutic suggestions were demonstrated to
affect postoperative pain and request for analgesics (Nowak et al.,
2020), as well as PONV and use of antiemetics as reported
here. The high efficacy of the tested intervention compared
to previous trials might be attributed to the specific text of
the suggestions. Negative words and negations such as “no
nausea” were avoided. Instead, “increased comfort,” appetite
and pleasurable food intake after surgery were addressed. The
suggestions presented intraoperatively dealt with items such as
support, care, and self-healing power. From a text addressing
such general topics of well-being, further effects can be expected

and should be studied. Some interesting parameters that cannot
be monitored and measured so fast and easily might be affected
concurrently, such as wound healing, homeostasis, or immune
surveillance, but also could be addressed more specifically.

We consider the addressing of themes of meaning essential for
the observed effects, namely accompaniment, contact, comfort,
confidence, information, control, instructions, respect, safety,
and healing (Hansen and Zech, 2019). Constructing placebo
effects as a mechanism of action is difficult since generation of
expectations under general anesthesia has not been described yet.
However, it has been suggested to better call the placebo effect a
“meaning response” as well (Moerman and Jonas, 2002). Actually,
response to meaning could be the common basis of hypnosis,
therapeutic communication and placebo effects. The melody of
the voice and the perception of a caring person close may play a
role in addition.

CONCLUSION

Our results encourage the use of therapeutic suggestions
under general anesthesia, especially since it is an inexpensive
intervention that is virtually free of side effects. They should
not be limited to taped recordings favorable for standardized
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study conditions but stimulate personal talk to patients and
wider application of positive and therapeutic communication
also in awake patients. The demonstrated positive effects of
therapeutic suggestions even under general anesthesia should
stimulate further research and application in other patients
during impaired wakefulness, such as during resuscitation or
intensive care, “touching the unconscious in the unconscious.”
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coincident naming of treatment 
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Introduction: In the context of giving risk information for obtaining informed 

consent, it is not easy to comply with the ethical principle of “primum nihil 

nocere.” Carelessness, ignorance of nocebo effects and a misunderstood 

striving for legal certainty can lead doctors to comprehensive and brutal risk 

information. It is known that talking about risks and side effects can even trigger 

those and result in distress and nonadherence to medication or therapy.

Methods: Recently, we have reported on significant clinically relevant effects 

of verbal and non-verbal suggestions on maximal muscular arm strength in 

healthy volunteers and in patients at two time points before surgery. Maximal 

strength during arm abduction was measured by dynamometry of the deltoid 

muscle group. Suggestions from clinical everyday life were formulated as 

presumed negative and neutral versions.

Results: Here, we report on the effects of two versions of risk information in 

45 patients. After sole mentioning risks of a puncture for the placement of a 

pain catheter, the maximal arm muscle strength was significantly reduced to 

83% of baseline several days (T1), and to 84% the evening before surgery (T2). 

Strength was not significantly decreased and close to baseline at T1 and T2 

when risks and benefits of a pain catheter were combined in one sentence. 

The difference between both versions was significant. With persistent normal 

distribution of values, the effect was due to uniform reactions of many 

patients, not to strong reactions of a few. High suggestibility and increase of 

anxiety with approaching surgery were identified as influencing factors for the 

neutralizing effect of modified wording.

Conclusion: We not only suggest an alternative formulation for risk information 

to avoid nocebo effects but present an objective method to quantify and 

compare effects of different wordings. Thereby, we  provide evidence that 

concurrently given positive aspects can neutralize negative effects during 

medical interview.

KEYWORDS

nocebo effect, suggestion, dynamometry, arm muscle strength, medical interview, 
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Introduction

Risk information to achieve informed consent has been 
identified as the major cause of nocebo effects (Colloca and 
Miller, 2011; Häuser et  al., 2012; Wells and Kaptchuk, 2012; 
Cohen, 2014). Talking about and explaining side effects of a 
medication or any other medical intervention may elicit or 
intensify those very same symptoms. Besides conditioning, i.e., 
learning from one’s own prior bad experiences, negative 
expectations, inadvertently induced during disclosure of adverse 
treatment effects, are the main origin of nocebo responses. The 
latter rarely are “non-specific” as often attributed to placebo/
nocebo effects, but typically reflect exactly those discussed 
undesirable adverse reactions (Kaptchuk et al., 2006; Amanzio 
et al., 2009; Rief et al., 2009). Some of the physiological bases are 
now well understood, such as the involvement of certain brain 
areas or biochemical mediators (Benedetti et al., 2006). Nocebo 
effects not only add to the burden of illness, but also result in 
psychological distress, medication or therapy nonadherence, 
extra treatment visits and therapy of side effects, most of the latter 
incurring considerable extra costs (Barsky et  al., 2002). In 
addition, negative expectations, hopelessness, and depressive 
reactions that can be  induced by risks disclosure, are strong 
predictors of an unfavorable outcome of disease and therapy 
(Székely et al., 2007; Laferton et al., 2013; Tilbury et al., 2018). 
Finally, postponement or even refusal of a necessary medical 
intervention resulting from an inadequate disclosure of risk 
information represent further detrimental side effects of medical 
briefing for informed consent.

Therefore, physicians find themselves in the dilemma of 
respecting the Hippocratic doctrine of primum nihil nocere, i.e., 
“not to harm,” and the clinical reality of nocebo, i.e., “I will harm” 
(Miller and Colloca, 2011). Accordingly, most publications on the 
subject end with a call for a change and for improvements in the 
practice of providing information in order to obtain informed 
consent (Colloca, 2017; Evers et  al., 2018; Howick, 2020). 
Nevertheless, any proposal to reduce expectancy-induced side 
effects has to respect the ethical principle that there is not only the 
right for autonomy, i.e., decisions after adequate information, but 
also the right for non-maleficence (Wells and Kaptchuk, 2012; 
Cohen, 2017; Fortunato et al., 2017). Although numerous studies 
have shown that side effects are significantly reduced in patients 
when risk information was withheld, nondisclosure is not an 
acceptable option (Daniels and Sallie, 1981; Myers et al., 1987; 
Mondaini et al., 2007). The question is not whether to provide 
information, but rather how to adequately provide that 
information. Moreover, lying and whitewashing are not allowed 
either because of the claim for truthfulness. Appropriate strategies 
must be based on knowledge of the mechanisms of nocebo effects, 
on established communication strategies, and on clinical 
experience (Schedlowski et al., 2015). Often proposals to reduce 
expectancy-induced side effects are rather general and  
hard to implement and verify, such as “enhanced treatment  
information,” “optimization of patient-clinician communication 

and relationship,” “managing patient’s treatment expectations,” 
and “selection and tailoring treatment to patients at risk” (Manaï 
et al., 2019). Despite several proposals, it still remains an open 
question as to what and how doctors should communicate to 
contribute to evidence-based practice and informed patient choice 
while minimizing nocebo effects, strongly calling for research 
(Miller and Colloca, 2011). The more so because only rarely has 
the effectiveness of the proposed approaches been measured and 
verified (Barnes et al., 2019; Fernandez et al., 2019; Pan et al., 
2019), as necessary for an evidence-based approach.

We have recently proposed a measurement technique to 
qualify and quantify suggestion effects, namely alterations in 
maximal arm muscle strength in abduction (Zech et al., 2019, 
2020). Muscle strength is a clinically relevant parameter with 
regard to early mobilization, risk of falling and sufficient 
breathing. Furthermore, the observed impairment of muscular 
performance could reflect a general “weakening effect” of 
negative suggestions (Hansen and Zech, 2019). With this 
objective test system adopted from physiology we have tested 
various verbal and nonverbal signals, designated as 
“suggestions,” from everyday clinical practice, and found 
significant weakening, or neutral reactions to alternative 
formulations, respectively. Herein we  report on results with 
patients using two versions of disclosure of risk information for 
obtaining informed consent.

Materials and methods

Design and participants

In an experimental trial on 50 patients, we tested the effect of 
two versions of risk disclosure on maximal arm muscle strength 
during abduction. The data exclusively reported here were 
collected during a study on the effects of suggestions in the 
clinical context published recently (Zech et  al., 2020). The 
sequence of tested interventions was randomized. After approval 
by the local ethics committee (EC University of Regensburg, Nr. 
13-101-0030) the study was conducted at the University Hospital 
Regensburg, Germany. Patients between 18 and 70 years of age 
were considered for enrolment if they were to undergo elective 
surgery under general anesthesia no closer than 3 days either at 
the Departments of General Surgery, Neurosurgery, 
Otorhinolaryngology or Cranio-Maxillofacial Surgery. 
Participants had to be  native German speakers and without 
relevant general pain (i.e., a Numeric Rating Scale NRS <5), and 
without pain or impairment of the dominant shoulder, arm or 
hand. Another exclusion criterion was a pre-existing severe 
systemic disease (ASA ≥ 3, according to the ASA physical status 
classification system of the American Society of Anesthesiologist). 
50 patients fulfilling the inclusion criteria were enrolled after 
written informed consent and without financial compensation. A 
detailed description of this study can be found in the previous 
manuscript (Zech et al., 2020).
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Measurement of maximal muscle 
strength

Effects of suggestions on maximal muscle strength were 
measured at two timepoints: days before surgery (T1, minimum 
3 days), and in the evening before surgery (T2). Maximal isometric 
contraction of the deltoid muscle group during arm abduction was 
tested by dynamometry, in a defined upright position with the 
dominant arm stretched out laterally (Figure 1). A dynamometer 
(FORCE GAUGE FM200, PCE Deutschland GmbH, Meschede, 
Germany) was used in the peak hold mode with a measurement 
accuracy of 0.5%.

Baseline was established for every patient by means of six 
initial measurements without suggestion followed by three to five 
such baseline measurements interspersed between tests of 
suggestions, adding up to a total of 9–11. The standardized 
instruction for this baseline measurement is given in Table 1. With 
a variation of ±6.3% of baseline values (Zech et al., 2019) maximal 
muscle strength measured under these conditions is a rather 

robust physiological parameter. However, individuals show a high 
range of variation in muscle strength. Therefore, the results of 
responses to suggestions were expressed as relative values, i.e., in 
percentage of the baseline value of each participant. All patients 
were tested by the same examiner (MS). Each test session lasted 
about 40–60 min, which was found feasible even for patients.

Test of suggestion effect

Eighteen verbal and non-verbal suggestions out of clinical 
context were tested in two previous studies on healthy volunteers 
(Zech et al., 2019) and on patients (Zech et al., 2020). Here, the 
results of the two phrases designed to gain informed consent after 
risk information are reported. Patients listened to recorded 
instructions explaining the placement and functionality of the 
muscle test, whereas suggestions were given verbally, face to face. 
The wording of the instruction prior to suggestions, as well as the 
suggestions for risk information can be seen in Table 1. Version A 
was taken directly from everyday clinical practice and presumed 
to be negative and causing a nocebo effect. The alternative version 
B was formulated, considered to be positive and to elicit a neutral 
or placebo effect. After six baseline measurements, all suggestions 
were tested in a randomized order, using the software Randlist 
(Datinf GmbH, Tübingen), alternating a presumed negative 
version with a presumed neutral or positive version, to avoid 
cumulation effects. Tests were separated by breaks, arithmetical 
tasks and repeated determinations of blank values. In order to 
prevent incorrect measurements because of exhaustion an 
additional break was inserted, whenever a baseline value fell below 
90% of the previous value, and the test repeated subsequently.

Measurement of suggestibility and 
anxiety

Anxiety was measured with the state scale of the State–Trait-
Anxiety-Inventory (STAI-S; Spielberger, 1985) with 20 test items 
in a German version (Laux et al., 1981) prior to the beginning of 

FIGURE 1

Test setup. For dynamometry of maximal arm muscle strength 
during abduction the patient stands upright, facing the tester, 
with the dominant arm stretched to the side and the wrist 
connected to the dynamometer by a band. Photo taken by  
NZ: MS with a patient, showing the standardized positioning.

TABLE 1 Wording of the standardized instructions and verbal suggestions.

Category Instruction
Risk disclosure

Version A Version B

Baseline “Now pull upward with maximal power. Now, 

one-two-three.”

Suggestion ”Again, stand upright, lift your arm. Close your 

eyes. You are a patient in a hospital. You are 

faced with the following sentences. Take your 

time and let it affect you, and then pull upwards 

as hard as you can.”

“If you wish, we can place a pain catheter, with 

the risk of infection, allergic reaction, and 

damage to blood vessels or nerves.”

“We have the option of a local pain therapy. Even 

though there is a risk of infection, allergic 

reaction, or damage to blood vessels or nerves, 

you will have to take fewer pills, are more mobile, 

feel and recover better, and perhaps can go home 

sooner.”

Instructions were given from tape, suggestions face-to-face by the tester.
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dynamometry. Evaluation took place at the two time points to 
draw conclusions about changes in anxiety over time with 
approaching operation date. With a range of 20 (“no fear”) to 80 
(“worst fear”) points, the test evaluates the current situational 
anxiety. Anxiety is usually considered clinically relevant at a score 
>40, and at >55 rated relevant for psychiatric disorders (Knight 
et al., 1983; Addolorato et al., 1999). The difference between the 
scores at T2 and T1 is referred to as ΔSTAI-S and describes the 
change of anxiety between the two times of testing.

Suggestibility was evaluated with a 5-items short version of the 
Harvard Group Scale of Hypnotic Susceptibility (HGSHS-5:G; 
Riegel et  al., 2021). The HGSHS has been established as an 
objective test method by Shor to determine the suggestibility of a 
single person or groups (Shor and Orne, 1963; Bongartz, 1985; 
Peter et al., 2015). The short version takes about 20 min instead of 
60 min for the full version. Patients performed the test and the 
self-evaluation according to an audio file a few days after their 
operation. Based on the HGSHS-5:G score, patients were rated 
“low suggestible” with a score of 0 or 1, “medium suggestible” with 
a score of 2 or 3, and “high suggestible” with scores of 4 or 5.

Statistical analyses

For statistical analyses IBM SPSS Statistics, version 26 was used. 
Normal distribution was tested according to Kolmogorow–Smirnow. 
Data are presented as mean ± standard deviation (SD) or as median 
(interquartile range) depending on the underlying distribution. A 
one-sample t-test was used to evaluate significant changes of relative 
maximal arm muscle strength (%) at different time points compared 
to the initial 100% (baseline value). A histogram using steps of 5% 
was used to present the distribution of the values. Repeated measure 
ANOVA was performed with relative maximal arm muscle strength 
as dependent variable and instructions (A vs. B) and time (T1 vs. T2) 
as within subject factors. Partial eta-squared was used as an estimate 
of the effect size. Univariate linear regression analysis was performed 
to test for the influence of age, anxiety, increase in anxiety and 
suggestibility score. A p level of <0.05 was considered to 
be statistically significant.

Results

Baseline characteristics

Missing data (only tested at T1 because patient declined, 
surgery rescheduled or canceled) resulted in the exclusion of five 
out of 50 recruited patients. Patient characteristics and baseline 
scores are presented in Table 2. The median time from T1 to day of 
surgery was 3 days, with a range of 3–25 days. 53% of the values 
were at day 3, the minimal allowed interval. The rest was distributed 
around day 6 before surgery. For two patients the interval was 
25 days, specific for the type of surgery. Due to the individual 
physical condition of the patients, baseline muscle strength ranged 

from 18.8 N to 143.7 N. The reproducibility of the baseline values 
of each individual patient was high (variance ≤4.8%; 4.8% at T1 
and 4.7% at T2, respectively). Baseline values did not differ 
significantly at T1 and T2 (p = 0.87). 23 patients showed a clinically 
relevant baseline state score (>40) for anxiety (STAI-S at T1), the 
score of five patients lay above the threshold (>55) relevant for 
psychiatric disorders. State anxiety raised significantly from days 
before surgery (T1) to the evening before the operation (T2) by 
6.2 ± 8.9 (p < 0.001). Further analyses of determinants for anxiety 
and increase in anxiety can be  found in Zech et  al. (2020). 
Corresponding to the suggestibility score 12 patients (27%) were 
rated low suggestible and 10 patients (22%) high suggestible.

Changes in maximal arm muscle strength 
after suggestion

Version A to gain informed consent after risk information, 
taken from every day clinical practice and suspected to 
be negative, resulted in a highly significant reduction of maximal 
arm muscle strength at both time points, namely by 16.9% at T1 
and by 15.7% at T2 compared to baseline, respectively (p < 0.001). 
There was no significant decline in muscle strength after version 
B at both time points. The reactions to version A did not differ 
significantly between time point T1 and T2, neither did the 
reactions to version B (Figure 2).

The difference between version A and version B was 
significant at T1 and at T2. ANOVA showed a significant effect of 
the wording of risk information but not of the time, nor of the 
interaction of the two (Table 3).

Distribution of values of maximal arm 
muscle strength at T2

To distinguish between the reaction of a few vs. that of most 
patients, a distribution of values is presented in Figure 3. Effects of 
both versions of risk information showed normal distribution. 
Relative muscle strength after version A ranged from 60% to 100%. 

TABLE 2 Baseline characteristics of study population (N = 45).

Age (years) Mean ± SD 43.8 ± 15.0

Female sex N (%) 25 (56%)

State anxiety (STAI-S)

  Days before surgery (T1) Mean ± SD 41.7 ± 10.3

  Evening before surgery (T2) Mean ± SD 47.9 ± 12.7

Suggestibility (HGSHS-5:G) Median (IQR) 3 (1–3)

Days from first test (T1) to surgery Median (IQR) 3.0 (3.0–7.0)

Baseline muscle strength (Newton)

  Days before surgery (T1) Mean ± SD 65.0 ± 23.4

  Evening before surgery (T2) Mean ± SD 64.8 ± 23.5

STAI-S, State–Trait-Anxiety-Inventory (Spielberger, 1985). 
HGSHS-5:G, 5-item Harvard Group Scale of Hypnotic Susceptibility (Riegel et al., 2021).
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Reactions to version B showed a narrower distribution from 80% to 
115%. Six patients reached values higher than baseline.

Influencing factors

The influence of various factors (age, anxiety level, change in 
anxiety, and suggestibility score) on the effects of two versions of risk 
information on maximal muscle strength at the day before surgery 
(T2) was tested by linear regression analyses various factors. Both, 
the impact on the negative effect of the risk information (baseline – 
version A) and the impact on the neutralization of this negative 
influence by version B (muscle strength after version B – results after 
version A) were evaluated. Linear regression analyses showed that 

age, suggestibility score and anxiety score, as well the change in 
anxiety (ΔSTAI-S) did not significantly influence response of muscle 
strength to the suggestion. However, suggestibility score and 
ΔSTAI-S, i.e., the change in anxiety with approaching operation date, 
had a small but significant impact on the difference in the effects of 
the versions of risk information (Table 4). In patients with higher 
ΔSTAI-S maximal arm muscle strength showed improvement by 
version B compared to version A of risk information (Figure 4).

Discussion

In the test setting of the present study, a usual wording of risk 
information resulted in reduction in maximal arm muscle 
strength. Thus, a negative effect on patients was objectively 
demonstrated and quantified. The weakening effect is confirmed 
by the measurement at two different time points, particularly days 
and at the evening before an operation.

How to measure nocebo effects

Although the optimal demonstration of negative 
consequences of informed consent is an increase in the side 

FIGURE 2

Effects of two different versions of risk disclosure on maximal 
arm muscle strength. After baseline dynamometry of arm 
abduction verbal suggestions were presented and measurement 
repeated. Version A: “If you wish, we can place a pain catheter, 
with the risk of infection, allergic reaction, and damage to 
blood vessels or nerves.” Version B: “We have the option of a 
local pain therapy. Even though there is a risk of infection, 
allergic reaction, or damage to blood vessels or nerves, you will 
have to take fewer pills, are more mobile, feel and recover better, 
and perhaps can go home sooner.” ▪ T1 = days before surgery  
▪ T2 = evening before surgery. Mean and SD of maximal arm 
muscle strength compared to baseline are given. P according to 
one sample T-test.

TABLE 3 Effect of wording and timing of risk information to obtain 
informed consent on maximal arm muscle strength.

Relative maximal arm muscle strength (%)

Time point T1 T2 T2–T1

Version A 83.1 ± 14.1 84.3 ± 11.5 1.1 ± 13.0

Version B 95.6 ± 7.0 98.3 ± 6.8 2.7 ± 7.7

B–A 12.3 ± 13.2 14.0 ± 11.4

  p-values of repeated measures ANOVA:

Difference between time points: p = 0.172, ηp2 = 0.04

Difference between versions: p < 0.001, ηp2 = 0.60

Interaction between time points and version: p = 0.380, ηp2 = 0.18

After baseline measurements verbal suggestions were presented and dynamometry of 
arm abduction repeated. Mean and SD of relative values (compared to baseline) are 
given. Significance was tested by repeated measures ANOVA. T1 = days before surgery, 
T2 = evening before surgery; ηp2 = effect size measured by partial eta-squared.

FIGURE 3

Distributions of relative muscle strength at T2 after the two 
versions A and B. Patients within a range of 5% points were 
grouped (e.g., 80%–84%).

TABLE 4 Factors influencing the effect of risk information on maximal 
arm muscle strength and on its modification with an alternative 
formulation.

Correlation coefficient R (p)

Version A Version B–Version A

Age −0.16 (0.299) −0.19 (0.234)

HGHS-5 score 0.24 (0.124) 0.35 (0.023)

STAI-S −0.07 (0.646) 0.07 (0.637)

ΔSTAI-S 0.28 (0.071) 0.39 (0.012)

Correlation coefficients are given according to linear regression analyses. STAI-S, State 
Anxiety Inventory at T2, ΔSTAI-S = STAI-S at T2 minus STAI-S at T1. Suggestibility: 
measured with the 5-items short version of the Harvard Group Scale of Hypnotic 
Susceptibility (HGSHS-5:G).
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effects discussed, such evidence needs high numbers of 
patients and a long observation period. Furthermore, most of 
the risks discussed in such medical informative interviews 
have multiple and complex origins and influencing factors, 
and the longer the time to their occurrence the more 
contributing factors join in. Parameters relevant for surgery 
for instance such as postoperative pain or nausea are 
dependent on the type of surgery, patient’s medication, type 
and course of anesthesia, and preposition and precondition of 
the patient. Besides the side effects addressed directly during 
the interview, nocebo effects of informed consent may also 
include more general medical complaints and burdens such as 
increased anxiety, hopelessness, hemodynamic instability, 
delay of wound healing, impaired immune response, and 
many others. In addition, different specific side effects allow 
no comparison, pain and nausea as nocebo effects cannot 
be contrasted quantitatively. Comparison of studies by effect 
size is nearly impossible, since different outcome parameters 
are measured: effects on symptom severity and duration, 
number of patients affected, number of side effects, different 
symptom qualities (e.g., various forms of pain). This 
heterogeneity in primary outcomes and their effect sizes 
hampers comparison of the effectiveness of different 
approaches for nocebo effect reduction.

In contrast, with the parameter maximal arm muscle 
strength nocebo effects can be qualitatively identified as such 
and can be objectively measured and quantified. An objective 
physiological measure is used instead of subjective 
psychological parameters such as pain score. Intensity of 
nocebo effects are studied instead of merely incidence. 
Moreover, with the use of one uniform parameter different 
nocebo effects can be  compared. This allows also to study 
combinations of nocebo effects as they typically occur and sum 
up in clinical practice. Verbal and non-verbal signals interplay 
and are communicated all along during a hospital stay from 

admission to examination, from interview to risk assessment 
and information, from treatment to recovery. Comparison can 
also be made between different versions of a suggestion, like 
an alternative formulation of risk disclosure for informed 
consent in the present study. This allows different alternatives 
to be  evaluated and thus communication be  improved and 
optimized (Hansen and Zech, 2019). In addition, this 
parameter used in the present study and proposed for further 
nocebo research represents a physiological function of clinical 
relevance. Any impairment of muscle function is undesired, as 
enhancing the risk of falling, delay of mobilization after 
surgery, and insufficient respiration. The latter was confirmed 
by demonstration of respiratory muscle strength reduction 
after suggestions from clinical practice, including the risk 
information tested in the present study (Zech et  al., 2022). 
Finally, the effects on maximal arm muscle strength were 
observed without verbal formulations directed to muscular 
function. While usually nocebo effects are tested within their 
specificity, e.g., pain after using the word “pain” or “stitch,” 
muscular function that was affected was not addressed in the 
tested risk information. Therefore, it was a more general effect 
that was observed, and even may be interpreted as marker for 
a “weakening” of the patient (Zech et al., 2019, 2020).

How to detraumatize informed consent

According to the growing knowledge about nocebo effects 
that originate in the presentation of risk information to obtain 
informed consent, numerous proposals have been put forward to 
reduce or avoid the resulting negative consequences (Colloca, 
2017; Klinger et al., 2017; Evers et al., 2018; Manaï et al., 2019; 
Howick, 2020; Zech et al., 2022). They reach from the idea of 
withholding the information about side effects (Daniels and Sallie, 
1981; Myers et al., 1987; Mondaini et al., 2007), the mere talking 
about the existence of nocebo effects (Pan et al., 2019), or positive 
framing of information or side effects (Barnes et al., 2019), e.g., the 
occurrence of side effects as sign that the medication is active 
(Fernandez et al., 2019). However, rarely have the efficacy of such 
suggested approaches been tested. Reasons for this includes lack 
of standardizability of some of the proposed attempts, or the high 
number of patients necessary to evaluate rare side effects, that 
hinders scientific evaluation. Some publications are difficult to 
classify because the interventions are hardly described. For 
instance, for a “contextualized informed consent” urging for 
consideration of the specific patient, diagnosis and side effects, it 
is suggested to tailor information to the susceptibility of the 
patient and the degree of severity of the diagnosis, and to 
distinguish between unspecific and specific side effects (Wells and 
Kaptchuk, 2012). This approach has been challenged and 
designated unethical for containing partial withholding of 
information, and ineffective due to patients potentially gaining the 
information from other sources (Bromwich, 2012). This highlights 
the narrowness of the allowed corridor for framing: even if the 

FIGURE 4

Linear regression analysis on the increase in anxiety and the 
decrease in negative effect of risk information on muscle 
strength by alternative formulation. ΔSTAI-S = STAI-S at T2 minus 
STAI-S at T1.
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treatment was authorized, the consent is considered invalid 
because the doctor exercised illegitimate control over the patient’s 
treatment decision by manipulating the given information.

In a meta-analysis of studies that have tested effectiveness of 
framing strategies, Barnes et al. reported positive effects in five of 
six studies with a low effective size of 0.09–0.24 (Barnes et al., 2019). 
Attribute framing, where side effects are expressed as “will not 
occur” (positive framing) or “will occur” (negative framing), had 
varying influence on number of patients affected, or number of side 
effects. However, the success was sometimes only short-lasting and 
only one of the studies involved patients. For example, following 
informed consent for an influenza vaccination fewer side effects and 
less absence from work were observed after positive framing 
(O’Connor et al., 1996). Two studies tested message framing, where 
in the positive version side effects are expressed as indicating that 
the drug works (Wilhelm et al., 2018; Fernandez et al., 2019). In a 
cold pressure task, framing had minimal impact on expectancies 
and incidence of side effects (Devlin et al., 2019).

A systematic review on effects of brief psychological 
interventions on adverse reactions found the strongest and most 
consistent effect from omitting risk information, no reduction of 
side effects by de-emphasizing, and mixed results from distraction, 
priming, or alteration of branding perception (Webster and Rubin, 
2019). Informing about the nocebo effect has been shown to be able 
to reduce nocebo side effects after the intervention for a short time 
(Pan et al., 2019). Other attempts have been tested in experimental 
studies, and yet have to be  translated to the clinical practice of 
presenting risk information for informed consent for a short time.

Combining negative and positive 
expectations

Our attempt to neutralize negative impacts of risk information 
to obtain informed consent by simultaneous naming therapy 
benefits represent the most effective demonstrated so far, with an 
effect size Cohen’s d of 0.9 and 1.2 at the two test times, respectively. 
A comparison of the distributions of values shows that the 
neutralization was not due to the response of a few but to a uniform 
reaction of most patients. Closest to our approach comes an 
experimental trial of Bartels et al., where a nocebo effect induced by 
negative conditioning of itch to a color lamp was reduced by 
counterconditioning with a color light connected to a positive verbal 
suggestions (“The color will indicate an electrode that decreases the 
itch”) (Bartels et al., 2017). In a study on symptoms after windfarm 
sounds and media reports positive expectations (possible therapeutic 
effects of infrasound exposure) were able to attenuate effects from 
negative expectations (TV footage about health effects of wind 
turbines ultrasound), both when raised before or after the negative 
expectations (Crichton et al., 2014). The peculiarity and novelty of 
the present study is not the combination of negative and positive 
suggestions, but their simultaneous application. Information on 
both the benefits of therapy and the risks is also given to the patient 
in everyday clinical practice. However, most often they are separated 

by time or the medical discipline. The surgeon that has explained to 
the patient the benefit of the surgical therapy often only later talks 
about the associated risks, or the anesthetist gives information on 
risks of anesthesia without relying on those therapeutic benefits. In 
this study the negative suggestions connected with talking about side 
effects are presented together with the positive suggestions of 
treatment success, even in the same sentence. Maybe for the 
counterbalance of negative and positive expectations, and the 
resulting nocebo and placebo effects, simultaneity is essential. The 
aim of the interview for obtaining informed consent is to enable the 
patient to weigh up benefits and risks for a well-founded decision. 
This is achieved best when the patient has a look on both aspects at 
the same time instead of receiving information about treatment and 
its benefits separate from risk disclosure.

As the benefits of the proposed treatment are not the only 
positive aspect that can balance negative impacts of informed 
consent, various options to neutralize nocebo effects are listed in 
Table 5. Besides the principle of simultaneously naming something 
positive with the negative risk, the prophylactic measures taken to 
reduce or avoid the side effect can also be explained. Moreover, the 
careful monitoring during the intervention can be addressed, which 
facilitates immediate recognition of a developing adverse reaction 
and thereafter often allows rapid countermeasures and offers good 
treatment options. Sometimes the possibility of active patient 
participation to prevent side effects can be  mentioned. That in 
addition gives back motivation and control to the patient. Probably 
these positive suggestions generate positive expectations and 
thereby compete with the negative expectations and nocebo effects 
induced by the risk information (Hansen and Zech, 2019). A limited 
capacity to process expectations simultaneously could be the reason.

Contributing factors

Various factors may have an impact on the development of 
nocebo effects and possibly on their neutralization (Table 4). In the 
present study no significant influence of age or gender was observed. 
Anxiety per se was also not a determining factor. However, an 
increase in state anxiety score with approaching operation date as 
deduced from ΔSTAI-S as well as hypnotic susceptibility score had 
an impact. Interestingly, both an rise in anxiety and suggestibility, 
exerted their influence not on the weakening effect of an ordinary 
risk information (baseline – version A) but on the neutralizing 
effect of a modified formulation (version B–version A) accounting 
for 15% of variance. However, suggestibility is such a minor 
determinant that the principle of neutralizing the nocebo effect by 
simultaneous addressing of positive aspects is not limited to high 
suggestible persons but can be used for all patients.

Confirmation and future research

Our finding confirms results from a preceding study on healthy 
volunteers where the same test system was applied, and the same 
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suggestions tested (Zech et al., 2019). Effect sizes are compared in 
Table 6. It is noticeable that the weakening effect of risk information 
disclosure (version A) was much more pronounced in patients 
compared to volunteers: −16.9 (at T1) and −15.7% (at T2) vs. 
−11.0% (Zech et al., 2019). This draws attention to the fact that 
nocebo effects measured in experimental settings may underestimate 
the real effects in clinical situations. Most importantly, neutralization 
by concomitant positive aspects was also more effective in the real 
clinical situation (for comparison of effect sizes see Table 6).

Reduction in maximal arm muscle strength measured in 
dynamometry, an easily available and feasible test system, can 
be used as surrogate marker for nocebo effect induction. It has 
proven effective in this and previous studies as a useful method for 
nocebo research (Zech et  al., 2019, 2020). The approach to 
measure and quantify nocebo effects by a uniform physiological 
function like arm muscle strength not only allows for comparison 
of negative influences but also of alternative wordings for a better 
communication. Thereby, various attempts to avoid nocebo effects 
can be  tested as well as positive suggestions. Moreover, 
combinations of verbal interventions can be evaluated. Altogether, 
the approach used and proposed here allows improvement of 
doctor-patient communication and interviews for informed 
consent according to scientific and comprehensible principles 
(Crichton et al., 2014).

Nevertheless, the proposed alternative positive aspects to 
combine with the risk information such as prophylactic and 
therapeutic measures to prevent or treat side effects (as presented in 
Table 5) have yet to be verified in studies. So do their combinations. 

In general, it must be  said that the many well-considered and 
promising proposals of improvements in preventing nocebo effects 
after interviews for informed consent found in the recent literature 
still have to be measured, quantified and to show their effectiveness 
in both experimental and clinical studies.
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