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Abstract: Stress belongs to the most frequent negative feelings people are confronted with in daily

life. Strategies against acute stress include, e.g., relaxation techniques or medications, but it is also

known that placebos can successfully reduce negative emotional stress. While it is widely held that

placebos require deception to provoke a response, recent studies demonstrate intriguing evidence

that placebos may work even without concealment (e.g., against anxiety or pain). Most of these

studies are based on self-report questionnaires and do not include physiological measures. Here we

report results of a study examining whether placebos without deception reduce acute stress. A total

of 53 healthy individuals received either placebos without deception or no pills before participating in

a laboratory stress test (Maastricht Acute Stress Test, MAST). We recorded self-report stress measures

and cortisol responses before and after the MAST. Results showed no significant differences between

the placebo and the control group, but when comparing participants with high relative to low beliefs

in the power of placebos we found significant lower anxiety and cortisol responses for the placebo

believers. These results show that non-deceptive placebos may successfully reduce acute anxiety

and stress, but only in participants who had a strong belief in placebos. We discuss the results

by suggesting that open-label placebos might be a possible treatment to reduce stress at least for

some individuals.
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1. Introduction

When we are exposed to a threatening situation, our brain activates two physiological
systems in order to cope with this stressful event, the autonomic nervous system (ANS) and
the hypothalamic–pituitary–adrenal (HPA) axes. While the ANS stimulates the secretion of
adrenalin and noradrenaline (resulting in increased arousal and attention), the activation
of the HPA system results in releasing glucocorticoid cortisol [1,2]. The role of these two
systems varies depending on the intensity and type of stress (for example, psychological
vs. physiological stress). Both systems are important, since they result in cognitive and
behavioral adaptation that helps to face the psychological or physiological threat.

There are different strategies to cope with stressful events, including, for example,
cognitive–behavioral skills training, yoga, massage, mindfulness-based interventions, but
also medication [3–6]. Medications may be antidepressants or, to reduce acute stress,
benzodiazepines or other GABA (Gamma aminobutyric acid)-like substances, which are
known to be linked to the risk of addiction [7].

It has also been demonstrated that placebos reduce symptoms associated with (acute)
stress. For example, Darragh et al. found that a take-home placebo treatment success-
fully reduced stress and anxiety symptoms in a non-patient population [8]. Furmark
et al. demonstrated a placebo effect on stress-related activity (stressful public speaking
task) in the amygdala [9]. Balodis et al. examined stress-reducing placebo effects using
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the Trier Social Stress Test and found that both placebo and alcohol made participants
(self)report less tension and anxiety, accompanied by a smaller increase in cortisol [10].
Using an fMRI approach, Petrovic et al. employed placebos to manipulate expectations
and reported an effect on the perception of emotionally unpleasant pictures and associated
brain activation [11].

Furthermore, studies have shown that placebos can modulate neuroendocrine func-
tions and immune responses both in rodents and humans [12–14]. For example, Goebel
et al. reported conditioning effects of immunosuppression in humans [4]. The authors
paired the immunosuppressive drug cyclosporine A (unconditioned stimulus) with a
gustatory stimulus (conditioned stimulus). Subsequently, the mere exposition to the condi-
tioned (the gustatory) stimulus resulted in a modulation of the immune system typical for
cyclosporine A.

Given that prescribing a placebo can be considered as a psychological intervention, it
is also interesting that numerous studies have shown that psychological interventions can
modulate the immune response [15]. Early studies reported how hypnosis affects immune
responses [16]. More recent approaches used cognitive–behavioral therapy or relaxation
and mediation as psychological interventions. Furthermore, psychological interventions
based on the patient’s expectation, social support, or psychoeducation have also been
reported to affect stress related responses [17–20]. For example, it has been shown that in
human immunodeficiency virus (HIV)-positive patients, psychological interventions are
efficacious in modulating HIV disease markers such as hormone regulation and immune
status [21]. However, there are also studies pointing to the lack of effects in disease
progression based on these psychological interventions (e.g., [22]).

Until very recently, placebos were always administered in a deceptive way. Some
new studies challenge this requirement and demonstrate that non-deceptive or open-label
placebos (OLPs) can reduce symptoms in many clinical disorders such as pain, migraine,
irritable bowel syndrome, depression, anxiety, ADHD (attention-defict/hyperactivity dis-
order), or allergic symptoms (e.g., [23–31]). However, since prescribing deceptive placebos
is linked to severe practical and ethical problems (e.g., undermining informed consent and
trust), OLPs might be a promising new way to overcome these difficulties [32,33].

Recent studies have shown that OLPs may also help people with non-clinical prob-
lems. For example, it has been demonstrated that OLPs improve exercise performance
in cyclists [34]. Furthermore, we recently reported reduced test anxiety and improved
self-management abilities in students when receiving OLPs [35]. Test anxiety and self-
management skills in this study were assessed by self-report measures, similar to other
OLP studies. However, given that self-report measures may be prone to response bias, it
remains unclear whether the beneficial effects reported by this and other OLP studies are
based on psychobiological effects. Only very few studies on OLPs so far include biological
measures, often with mixed results (e.g., [36]).

The current study tries to address this issue and examines whether OLPs may reduce
both self-reported stress symptoms and psychobiological measures associated with stress.
Since it has been shown that acute stress is responding to deceptive placebos [11], we
hypothesized that stress symptoms may also be reduced by OLPs. This is in particu-
lar supported by recent work on the impact of OLPs on anxiety relief in academic test
situations [35].

In order to test our hypothesis, we conducted a study with two groups. While the
OLP group received placebos for three weeks, the control group did not get any pills.
Subsequently, we invited all participants to a laboratory stress test. We used the Maastricht
acute stress test (MAST), an established and validated measure to induce stress [37]. The
MAST consists of an acute stress phase including exposures to cold pressor trials and mental
arithmetic calculations with negative feedback to increase social pressure. In addition to
self-report measures to felt stress we also collected neuroendocrine stress markers before
and in response to the MAST (salivary cortisol levels). Based on previous work (e.g., [11,35],
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we hypothesized that OLPs may reduce both self-reported and biological measures of
stress more than a control group.

2. Materials and Methods

2.1. Participants

We recruited 60 German-speaking students with no neurological or psychiatric his-
tory via advertisements in flyers, social media posts, and at the local university. Seven
individuals were excluded due to use of corticosteroid medications (3) or experiencing no
stress in the MAST (e.g., because of knowing the task), resulting in 53 participants (mean
age 26.43 ± 9.09 years, 28 females). All participants gave written informed consent to
the study, which adhered to the Declaration of Helsinki. The participants received course
credit for their participation. The study was approved by the ethical board of the German
Psychological Society (Deutsche Gesellschaft für Psychologie, DGPs).

Sample size was determined with respect to previous studies [38]. Using an estimated
effect size of d = 0.8 (with alpha error probability 0.05) our calculation resulted in in
26 participants per cell as necessary for a desired power of 0.80.

2.2. Maastricht Acute Stress Test

The MAST is an established procedure to induce stress in a laboratory context and was
conducted according to a previously published protocol (see [37]). According to Smeets
et al. the procedure started with a preparation phase in which the experimenter explained
the task (about 5 min). In the following acute stress phase, the participants had to put
their right hand into cold ice-water (2 ◦C) in 5 trials (each lasting from 60 to 90 s). In
between the hand immersion trials participants were engaged with mental arithmetic
calculations. They were asked to count backwards starting at 2032 in steps of 17. Whenever
the participants made a mistake or counted too slow, they received negative feedback and
had to start again at 2043. This acute stress task lasted for 10 min. In order to further
increase social-evaluative pressure, participants are told that they will be video-taped. For
further details see Smeets et al. [37].

2.3. Neuroendocrine Stress Responses

Saliva samples were collected at five time points using Salivettes (Sarstedt, Nümbrecht,
Germany) for determination of salivary cortisol levels and stored at −20 ◦C.

Participants provided first saliva samples 15 min after arriving (35 min before the
MAST) and 5 min before MAST (baseline and pre-stress:t_baseline, t_−5). The following
3 saliva samples were taken immediately after the MAST (t_0), 10 min (t_10) and 30 min
after the MAST (t_30) (see Figure 1). After completion of the study, all samples were
transferred to the Neurobiology Laboratory of the Department of Psychiatry, Charité—
Universitätsmedizin Berlin, Campus Benjamin Franklin, where all biochemical analyses
were performed. For cortisol determination, the saliva samples were thawed and cen-
trifuged at 2000× g for 10 min. Salivary free cortisol levels were determined using an
adapted homogenous time-resolved fluorescence resonance energy transfer (HTR-FRET)-
based competitive immunoassay (Cisbio/PerkinElmer, Codolet, France) as previously
published [39–41]. To ensure a reliable assay performance, authentic standards for stan-
dard curve preparation and positive control samples were prepared and included in each
assay run. Authentic standards have been cross-validated using an independent competi-
tive immunoassay (IBL, Hamburg, Germany). Intra-assay coefficients of variation were
below 8%, inter-assay coefficients of variation were below 10% for cortisol measurements.
The lower limit of detection was below 0.2 nmol/L.



Brain Sci. 2021, 11, 508 4 of 13

Figure 1. Overview of experimental procedure and timeline. Both groups participated in the identical

procedure. VAS = visual analogue scale, STAI-S = State-Anxiety-Inventory, PANAS = positive and

negative affective scale, MAST = Maastricht acute stress test, CORT = cortisol sample.

2.4. Procedure

Participants were told that the study was about psychophysiological interactions and
stress. After signing written informed consent participants provided sociodemographic
and clinical/psychological data (i.e., age, gender, BMI, sport activities, smoking status,
alcohol use, corticosteroid medication, hormonal contraception) via self-report. Any type of
corticosteroid medication resulted in an exclusion of study participation. After providing
sociodemographic data we asked the participants to complete questionnaires with respect
to their experienced chronic stress level and personality. Chronic stress was measured
with the 12-item screening questionnaire (SSCS) of the Trier Inventory of Chronic Stress
(TICS; [42]) measuring chronic stress of the past three months on a 5-point Likert scale
ranging from 0 (“never”) to 4 (“very often”). The SSCS demonstrated a good reliability
and validity [42]. Internal consistency (Cronbach’s alpha) of the scale in the present
sample was 0.90.

The five-factor model of personality was measured using the German version of the
Big Five Inventory 2, which shows good psychometric characteristics (BFI-2, [43]). The
BFI-2 comprises 60 items that have to be rated on a 5-point scale ranging from “do not agree
at all” to “completely agree” to tap the broad personality traits extraversion, neuroticism,
openness, conscientiousness and agreeableness. Internal consistency (Cronbach’s alpha) of
the scales in the present study ranged from 0.60 to 0.89.

In addition, we asked the participants about their belief and expectations in placebos.
This short questionnaire included 4 statements such as “Placebo effects can occur in
all illnesses and conditions”. Participants indicated their response using a Likert-scale
(1 = strongly disagree, 6 = strongly agree). The items were used to build a composite score
for the belief in placebos. The questionnaire is identical to Leibowitz et al. [44].

After completing the questionnaires, all participants were briefed in the same way
on placebo effects. They were explained that placebos are inactive substances and that
they contain no medications, but both deceptive as well as non-deceptive placebos may
still be powerful [25]. We further explained to them that a possible mechanism for placebo
response may be classical conditioning; similar to Pavlov’s dogs that salivated when they
heard the bell. In addition, we told them that a positive attitude may be helpful for
the placebo effect but is not necessary. Finally, we stressed that taking the placebo pills
faithfully is important. These four statements were taken from Kaptchuk et al. and similar
studies on OLPs [25,26,29].

The participants were then randomized into two groups by choosing a sealed opaque
envelope with the assignment of being in the placebo or in the control group (similar
to [35]). Participants in the placebo group received a white tube containing 42 placebo pills.
The pills were white, round, and the size was about 4 mm. Placebo pills contained sugar,
wheat- and cornstarch, and glucose syrup. The tube with the pills was labeled with the
logo of the university and the following information—“Placebo pills (42), take one in the
morning and one before night, for 21 days”. Participants in the control group received
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no pills. We reminded those participants of the importance of the control condition and
stressed not to miss the second appointment. All participants (OLP and control group)
were also asked to refrain from eating, drinking, smoking, and brushing teeth and to avoid
strenuous physical activity at least 1 h prior to the lab session.

After three weeks we invited all participants for a second appointment in our lab,
taking place between 1 to 5 pm. Here we again asked the participants to complete ques-
tionnaires on chronic stress (SSCS) and on current stress experiences. The last measure
employed a visual analogue scale (VAS) consisting of a 100 mm long straight line ranging
from 0 (“do not agree at all”) to 100 (“completely agree/absolutely”) on which the partici-
pants were asked to rate the subjectively perceived stressfulness using the question ‘the
situation was stressful to me’ [45]. Furthermore, subjective stress and anxiety was assessed
by using the State-Trait-Anxiety-Inventory (STAI, [46,47]). The STAI is a widely known
instrument to measure two distinct concepts of anxiety, trait (STAI-T) and state (STAI-S)
anxiety. Both the trait as well as the state scale include 20 statements, which has to be rated
on a 4-point scale ranging from 1 “not at all” to 4 “very much so”. The trait scale asks
how individuals generally feel, whereas the state scale refers to the feelings of a particular
moment. We here used the state dimension to measure actual levels of anxiety due to
stressful events. The trait scale was employed in particular to determine any baseline
differences of the two groups. In addition, mood and subjective stress was measured
by using a German version of the Positive and Negative Affect Scale (PANAS, [48,49].
The PANAS includes 10 markers of positive affective states and 10 markers of negative
affective states, which have to be rated on a 5-point scale (1 = very slightly or not at all,
5 = extremely). Higher scores on the negative scale point to experienced negative affect.

After completing the questionnaires, participants started with the MAST, which was
followed again by VAS, PANAS and STAI-S questionnaires. Before and after the MAST,
cortisol responses were collected (see Figure 1 for a timeline).

2.5. Statistical Analysis

We used repeated measures ANOVA with time as a within-subject variable and group
(placebo vs. control) as a between-subjects variable using self-reported stress ratings (VAS
scores, STAI-S, PANAS, respectively) and belief and expectations in placebos as dependent
variables. An analogue procedure was calculated for salivary cortisol levels. Differences in
baseline scores (in particular with respect to chronic stress, SSCS) were tested using t-tests
for independent samples.

3. Results

3.1. Stress Responses: Self-Report Measures between OLP and Control Group

The OLP and control group were not different with respect to perceived chronic
stress and baseline scores (VAS, STAI-S, STAI-T, PANAS, SCSS; p > 0.10; see Table 1).
Furthermore, the graphs did not differ according to age, BMI, and educational background,
sport activities, or smoking status. However, the control group stated they drank more
alcohol than the placebo group (p < 0.05).

Figure 2 shows that the increase of subjective stress responses in STAI-S and PANAS
is less pronounced in the OLP group, but this interaction failed to reach the level of
significance (see also Table 2). An ANOVA (three time points, t_baseline, t_-5, t_0) for stress
and anxiety measured with the STAI-S showed an effect for time (F(2, 102) = 3.00, p = 0.066,
Greenhouse Geisser correction), but no interaction with group (F(2, 102) = 0.41, p > 0.10).
PANAS scores for mood and anxiety increased during stress for both groups but failed to
reach the level of significance (no main effect or interaction, p > 0.10).

Results of a repeated measures ANOVA with factor time (three time points—t_−5, t_0,
t_10) and group (OLP vs. control) for perceived stress marked on the VAS revealed a strong
main effect for time (F(2, 102) = 27.24, p < 0.001), indicating that the stress manipulation
was successful, but no interaction with the group (F(2, 102) = 0.58, p > 0.10).
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Table 1. Demographic and baseline characteristics of participants (mean ± standard deviations).

Characteristic Open Label Placebo Control

n 24 29

age (in years) 25.25 ± 7.28 27.41 ± 10.25

Females/males 14/10 14/15

SSCI 31.13 ± 8.96 29.97 ± 8.26

STAI-T 39.75 ± 8.44 37.31 ± 7.87

STAI-S (baseline) 41.54 ± 7.82 39.31 ± 6.60

PANAS NA (baseline) 1.47 ± 0.65 1.33 ± 0.23

VAS (baseline) 21.33 ± 22.82 16.00 ± 17.69

−

Figure 2. Stress and cortisol responses for the open-label placebo (OLP) and control group (error bars represent standard

errors). See text for further details.
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Table 2. Change scores of participants from pre- to post-MAST (mean ± SD).

Self-Report Measures Open Label Placebo Control

STAI-S 1.17 ± 5.21 1.90 ± 7.34

PANAS 0.05 ± 0.45 0.12 ± 0.46

VAS 31.29 ± 35.07 30.76 ± 34.60

3.2. Stress Responses: Neuroendocrine Responses between OLP and Control Group

We calculated a repeated measures ANOVA (factors time and group) on mean cor-
tisol concentrations (log transformed). Results revealed a significant main effect for time
(again demonstrating successful stress manipulation), but no significant interaction of this
effect with group (main effect time—F(4, 204) = 5.74, p = 0.007; interaction with group—
F(4, 204) = 2.47, p > 0.10, Greenhouse Geisser correction) (see Figure 2).

3.3. Stress Responses for OLP Group Only: Self-Report Measures for Stress Depending on High vs.
Low Belief

In order to further examine the OLP group, we tested whether participants’ belief in
the power of placebos may have affected stress-related responses. To this end we divided
the OLP group into participants with very strong and less strong beliefs in placebos (median,
mean of high belief group—5.08 ± 0.56, n = 16, mean of low belief group 3.97 ± 0.34, n = 8).
Baseline scores of VAS, STAI-S, STAI-T, PANAS, and cortisol responses were not different
(p > 0.10).

A repeated measures ANOVA on self-reported stress (VAS) with time (three time
points) as within and belief group as a between-subjects factor (high vs. low placebo belief)
replicated the significant main effect on time. We did not find a significant interaction
for self-reported stress scores with respect to high vs. low placebo belief (main effect
time—F(2, 44) = 12.06, p < 0.001; interaction—F(2, 44) = 0.91, p > 0.10).

Separate comparisons between the placebo and the control group for placebo believ-
ers only (and low believers, respectively) showed no results with respect to VAS scores
(all p > 0.10) (control group, high believers—n = 18, low believers—n = 11).

Repeated measures ANOVA with factor time (three time points) and group for the
STAI-S scores revealed trends for a main effect and an interaction with group (main effect—
F(2, 44) = 2.57, p = 0.088; interaction—F(2, 44) = 2.61, p = 0.085). Post hoc t-tests showed that
the STAI-S scores increased in particular for the low placebo believer, whereas the scores
for the high placebo believer remained stable (low belief group, means pre—38.38 ± 10.98,
post—42.13 ± 10.36; high belief group, pre—39.81 ± 5.88, post–-39.69 ± 5.04; t-test for
change scores: t(22) = −1.80, p = 0.043; pre scores were not different, all p > 0.10). An
ANVOA with difference scores of the STAI (pre to post) as the dependent variable and
pre-scores as a covariate revealed similar results (F(1, 21) = 3.07, p = 0.094). Analogue calcu-
lations for the control group (split in high vs. low placebo belief) revealed no significant
interaction (p > 0.10). Furthermore, an ANOVA with factors time, belief in placebos, and
group (OLP and controls) showed no main effect for belief (F(1, 49) = 0.25, p > 0.10), but
confirmed our findings by demonstrating an interaction between STAI scores, group, and
belief (F(2, 98) = 4.86, p = 0.014). A main effect for time suggests that stress manipulation
was successful (F(2, 102) = 3.00, p = 0.066). When comparing the placebo and the control
group only for the placebo believers, results showed higher STAI scores for the control
group (STAI change scores of controls; 2.89 ± 7.81, t(32) = −3.01, p = 0.09). Comparison
of the low believers revealed no effects (p > 0.10). Thus, placebos seem to affect anxiety
feelings compared with the control group, but only for placebo believers.

PANAS scores for negative affect increased during stress for both groups but failed
to reach the level of significance (no main effect or interaction, p > 0.10) (see Figure 3).
However, when comparing the placebo and the control group for the placebo believers
only, results showed higher PANAS change scores for the control group, but again this
difference failed to reach the level of significance (PANAS change scores of believers in
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placebo group—0.05 ± 0.45; PANAS change scores of believers in controls—0.20 ± 0.45,
p > 0.10). Comparison of the low believers revealed no effects (p > 0.10). An ANOVA
with factors, time, belief in placebos, and group (OLP and controls) showed no effects
(all p > 0.10).

−
−

−

Figure 3. Stress and cortisol responses for high and low placebo believers of the OLP group (error bars represent standard

errors). Results demonstrate lower increases for STAI-S scores and cortisol responses in the placebo believer group.

3.4. Stress Responses for OLP Group Only: Neuroendocrine Measures Depending on High vs. Low
Belief in Placebos

We then calculated repeated measures ANOVA with time (five measurements) and
group (high vs. low placebo belief) for cortisol responses. Results replicated the main effect
for time (indicating that participants felt stress), but also revealed an interaction between
time and placebo group (high vs. low believers) (main effect time—F(4, 88) = 5.62, p = 0.013;
interaction—F(4, 88) = 4.14, p = 0.033) (see Figure 3).

Post hoc t-tests from t_−5 to t_10 demonstrated higher cortisol responses for the
low belief group (mean cortisol response low belief group, pre t_−5: 1.25 ± 0.83, post
t_10—2.23 ± 1.32, high belief—1.39 ± 0.44, post—1.68 ± 0.60; t-test for change scores—
t(22) = −1.86, p = 0.038; pre scores were not different, all p > 0.10). An ANVOA with
difference scores as the dependent variable and pre-scores as a covariate revealed similar
results (F(1, 21) = 3.00, p = 0.098). Analogue calculations for the control group (split in high
vs. low placebo belief) revealed no significant interaction (p > 0.10).

An ANOVA with factors, time, belief in placebos, and group (OLP and controls)
showed no main effect for belief (F(1, 49) = 0.14, p > 0.10), but revealed an interaction
between cortisol responses, group, and belief (F(4, 196) = 6.66, p = 0.03). Furthermore, a
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main effect for time showed that participants felt stress during the MAST (F(4, 196) = 6.73,
p < 0.001). Comparisons between the placebo and the control group only for the placebo
believers showed no results (p > 0.10), but groups of low believers showed significant
higher cortisol responses for the placebo group (p < 0.05).

3.5. Correlations of Personality Measures with Belief in Placebos

To better characterize the nature of placebo believers, we then computed correlations
of personality measures with the belief in the power of placebos. Results showed significant
correlations between the personality measure agreeableness and belief in placebos (r = 0.30,
p = 0.033), in particular with the subscore empathy (r = 0.32, p = 0.019) (see Figure 4). In ad-
dition, we found a significant correlation of belief in placebos with openness (subscore cre-
ativity) (r = 0.36, p = 0.009). No other personality dimension showed significant correlations
with belief in placebos (extraversion—r = 0.01, neuroticism—r = −0.13, conscientiousness—
r = −0.05; all p > 0.10). Thus, high believers in placebos are characterized by higher
openness and agreeableness scores.

−
−

Figure 4. Scatterplot of belief in placebos scores and personality dimensions agreeableness and openness. Other personality

dimensions failed to show significant correlations with high beliefs in placebos.

4. Discussion

This study aimed to test whether open-label placebos affect the experience of acute
stress. Our results did not show any significant differences between the placebo and control
group but demonstrated that individuals in the OLP group with a high belief in placebos
expressed less anxiety and lower stress-related cortisol responses than participants with
low beliefs.

An increasing body of evidence suggests that placebos may have effects even if we
know that the pills that we are swallowing are placebos. Most of these studies use self-
reported measures to examine these effects. Given that self-assessment ratings may be
prone to response bias, physiological measures are desirable to further examine the impact
of OLPs. The current study tried to address this question. We employed the MAST to
manipulate stress in a laboratory context. Significant increases of self-report measures
of stress and cortisol responses demonstrated that the MAST successfully induced stress
responses in our participants. The OLP group showed lower increases in anxiety and
mood, but these differences failed to reach the level of significance. Although we did not
find significant effects between the groups, results revealed that individuals of the OLP
group with a high belief in placebos showed less self-reported stress and cortisol responses
than participants with a low belief. Thus, OLPs seem to work in this laboratory stress test,
but only in individuals with a high belief in the power of placebos. This result is in line
with a previous study on symptoms in an allergic symptom paradigm. Using the identical
questionnaire to identify participants with a high belief in placebos, Leibowitz et al. [44]
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demonstrated that OLPs reduced physiological effects for participants who strongly believe
in placebos. High interindividual variations when examining effects of OLPs have also
been reported in other studies (e.g., [34]).

So, what kind of personality is sensitive to the OLP effect? Both our study as well
as the Leibowitz et al. study used the same questionnaire to identify individuals with a
high belief in placebos. This questionnaire asks for the general belief in placebos. In our
study, almost all of our participants agreed with the statements. Thus, when splitting our
participants in two groups, both of them believed in placebos, but the high belief group
expressed very strongly their agreement to the statements. When correlating self-reported
placebo belief, we found significant positive correlations with agreeableness (in particular
the subscore empathy) and openness dimensions of the Big Five, which is in line with recent
research on placebo responders [50] arguing that such traits may increase the awareness
to inner experiences. Thus, these personality traits seem to make placebo interventions
especially promising. In addition, and in view of the items defining the creativity/creative
imagination facet of the BFI-2 openness dimension, individuals with higher scores tend
to think outside the box and are more open to unconventional ideas [51], which could
make them more inclined to believe in the potential effects of placebos. This may also
count for more agreeable individuals (empathy subscale), who according to the BFI-2 are
described to be sensitive and empathic, which may render them more receptive to believe
in the possible impact of placebos on thoughts, feelings and behavior. However, agreeable
individuals are generally more compliant and might show a stronger adherence behavior
to the study regime, which could have partly contributed to the correlation pattern.

Previous studies already addressed the role of personality factors in placebo responses
and pointed to dispositional optimism and low anxiety as predictors for placebo (and
nocebo) responses (e.g., [52–54]). Furthermore, contextual factors such as narratives,
instructions, positive expectations, and interactions with healthcare providers are known
to interact with an individual patient’s characteristics, which may also include genetics as
well as the experienced medical history [9,55,56]. The present results on personality factors
in an OLP study extend these studies.

While we tried to describe the personality of individuals with a strong belief in the
power of placebos, it is still unclear why those individuals believe that pills without
any active ingredients have any utility. Based on our findings, one could speculate that
at the beginning of a placebo treatment, placebo believers are very open-minded and
do not think so much about the fact that they swallow an inert substance (in contrast
to individuals skeptical to placebos). Then unconscious processes may start, triggered
by situational settings, events, or people (e.g., healthcare professionals) and lead to the
“automatic activation of internal mental representations and processes” [57], which in turn
may cause the beneficial effects of (open-label) placebos. Recent theoretical models pointing
to embodied cognition, the Bayesian brain, or the model of prediction and error processing
as possible explanations for the placebo effect seem to reflect this enactive perspective
(e.g., [33,58]).

Our results revealed that high belief participants in the OLP group showed less self-
reported anxiety, supporting previous similar studies on the impact of OLPs on anxiety
and stress [39,59]. However, for self-reported measures of stress on VAS scores, we did
not find any effects. In the VAS scores participants were asked to rate their stress level in
the previous situation simply by putting a mark on a line. The missing effect of OLPs on
self-reported stress here might be explained by silent talking of the participants, which
has been shown to enable an effortless (without cognitive control) form of self-control [60].
We speculate that these cognitive processes may partly account for missing effects here.
In contrast, the STAI-S is a psychological inventory on stress and anxiety, which does not
directly ask the participant to rate felt stress. Moreover, the used one-item VAS might
assess the underlying construct (acute stress) less accurately than a multi-item measure
such as the STAI-S.



Brain Sci. 2021, 11, 508 11 of 13

Several limitations have to be noted. First of all, the sample size of this study is small,
in particular when considering the comparison between high and low placebo believers.
Future studies are needed to replicate the results of this pilot study. Furthermore, we
did not have a covert placebo group. Thus, we do not know whether the OLP effects are
similar to the effects of deceptive placebos in stress. In addition, future studies may also
add a control condition of the MAST, which includes a similar procedure, but without
inducing stress.

Together with a recent study [59] the current study is one of the first studies demon-
strating physiological effects of OLPs along with self-reported measures in acute stress.
Guevarra et al. induced stress in an EEG (electroencephalography) study and found re-
duced stress responses both in behavioral measures as well as in the late positive potential,
a biophysiological marker of stress in the EEG. Our results are in line with this outcome,
suggesting that stress can be reduced simply by using placebo pills or a placebo description
of the intervention prior the acute stress (at least in individuals with high placebo beliefs).

The option to use placebos in order to reduce stress and anxiety seems to be par-
ticularly important when thinking of side effects of medications such as addiction of
benzodiazepines. However, from a clinical point of view, the general strategy of taking
pills (placebo, benzodiazepines, etc.) to reduce stress or anxiety should be considered with
caution. While placebos do not have the risks of side effects such as benzodiazepines, for
many individuals, counseling or other strategies may be more suitable.

5. Conclusions

Taken together, this study demonstrates that OLPs may reduce acute stress and anxiety
in participants with a strong belief in placebos. Additional studies are necessary to further
understand the way OLPs may work when we feel anxiety and stress. However, we believe
that the current results are encouraging to further test whether taking placebos beyond
deception might help us to better cope with stress.

Author Contributions: Conceptualization, M.S. and S.E.; analysis, M.S., S.E., J.H.-R.; writing, M.S.,

S.E., J.H.-R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no specific grant from any funding agency, commercial or not-for-

profit sectors.

Institutional Review Board Statement: The study was conducted according to the guidelines of

the Declaration of Helsinki, and approved by the Ethics Committee of the German Psychological

Society (Deutsche Gesellschaft für Psychologie, DGPs) (protocol code: MS 122017_amd052019; date

of approval: 17 September 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the

corresponding author.

Acknowledgments: We would like to thank Clara Zahn and Liz Korndörfer for help in data acquisition.

Conflicts of Interest: The authors declare no competing financial or non-financial interests.

References

1. Hellhammer, D.H.; Wüst, S.; Kudielka, B.M. Salivary Cortisol as a Biomarker in Stress Research. Psychoneuroendocrinology 2009,

34, 163–171. [CrossRef]

2. Ulrich-Lai, Y.M.; Herman, J.P. Neural Regulation of Endocrine and Autonomic Stress Responses. Nat. Rev. Neurosci. 2009, 10,

397–409. [CrossRef]

3. Greely, H.; Sahakian, B.; Harris, J.; Kessler, R.C.; Gazzaniga, M.; Campbell, P.; Farah, M.J. Towards Responsible Use of Cognitive-

Enhancing Drugs by the Healthy. Nature 2008, 456, 702–705. [CrossRef]

4. Shiralkar, M.T.; Harris, T.B.; Eddins-Folensbee, F.F.; Coverdale, J.H. A Systematic Review of Stress-Management Programs for

Medical Students. Acad. Psychiatry 2013, 37, 158–164. [CrossRef]

5. Carlson, L.E.; Toivonen, K.; Subnis, U. Integrative Approaches to Stress Management. Cancer J. 2019, 25, 329–336. [CrossRef]

http://doi.org/10.1016/j.psyneuen.2008.10.026
http://doi.org/10.1038/nrn2647
http://doi.org/10.1038/456702a
http://doi.org/10.1176/appi.ap.12010003
http://doi.org/10.1097/PPO.0000000000000395


Brain Sci. 2021, 11, 508 12 of 13

6. Alkhawaldeh, J.M.A.; Soh, K.L.; Mukhtar, F.B.M.; Peng, O.C.; Anshasi, H.A. Stress Management Interventions for Intensive and

Critical Care Nurses: A Systematic Review. Nurs. Crit. Care 2020, 25, 84–92. [CrossRef] [PubMed]

7. Garakani, A.; Murrough, J.W.; Freire, R.C.; Thom, R.P.; Larkin, K.; Buono, F.D.; Iosifescu, D.V. Pharmacotherapy of Anxiety

Disorders: Current and Emerging Treatment Options. Front. Psychiatry 2020, 11, 595584. [CrossRef]

8. Darragh, M.; Yow, B.; Kieser, A.; Booth, R.J.; Kydd, R.R.; Consedine, N.S. A Take-Home Placebo Treatment Can Reduce Stress,

Anxiety and Symptoms of Depression in a Non-Patient Population. Aust. N. Z. J. Psychiatry 2016, 50, 858–865. [CrossRef]

9. Furmark, T.; Appel, L.; Henningsson, S.; Ahs, F.; Faria, V.; Linnman, C.; Fredrikson, M. A Link Between Serotonin-Related

Gene Polymorphisms, Amygdala Activity, and Placebo-Induced Relief from Social Anxiety. J. Neurosci. 2008, 28, 13066–13074.

[CrossRef] [PubMed]

10. Balodis, I.M.; Wynne-Edwards, K.E.; Olmstead, M.C. The Stress-Response-Dampening Effects of Placebo. Horm. Behav. 2011, 59,

465–472. [CrossRef] [PubMed]

11. Petrovic, P.; Dietrich, T.; Fransson, P.; Andersson, J.; Carlsson, K.; Ingvar, M. Placebo in Emotional Processing-Induced Expectations

of Anxiety Relief Activate a Generalized Modulatory Network. Neuron 2005, 46, 957–969. [CrossRef]

12. Wendt, L.; Albring, A.; Schedlowski, M. Learned Placebo Responses in Neuroendocrine and Immune Functions. Handb. Exp.

Pharmacol. 2014, 225, 159–181. [CrossRef]

13. Hadamitzky, M.; Sondermann, W.; Benson, S.; Schedlowski, M. Placebo Effects in the Immune System. Int. Rev. Neurobiol. 2018,

138, 39–59. [CrossRef]

14. Goebel, M.U.; Trebst, A.E.; Steiner, J.; Xie, Y.F.; Exton, M.S.; Frede, S.; Schedlowski, M. Behavioral Conditioning of Immunosup-

pression is Possible in Humans. Faseb. J. 2002, 16, 1869–1873. [CrossRef] [PubMed]

15. Miller, G.E.; Cohen, S. Psychological Interventions and the Immune System: A Meta-Analytic Review and Critique. Health Psychol.

2001, 20, 47–63. [CrossRef] [PubMed]

16. Black, S. Inhibition of Immediate-Type Hypersensitivity Response by Direct Suggestion Under Hypnosis. Br. Med. J. 1963, 1,

925–929. [CrossRef]

17. Heinrichs, M.; Baumgartner, T.; Kirschbaum, C.; Ehlert, U. Social Support and Oxytocin Interact to Suppress Cortisol and

Subjective Responses to Psychosocial Stress. Biol. Psychiatry 2003, 54, 1389–1398. [CrossRef]

18. Pulopulos, M.M.; Baeken, C.; De Raedt, R. Cortisol Response to Stress: The Role of Expectancy and Anticipatory Stress Regulation.

Horm. Behav. 2020, 117, 104587. [CrossRef]

19. Shields, G.S.; Spahr, C.M.; Slavich, G.M. Psychosocial Interventions and Immune System Function: A Systematic Review and

Meta-analysis of Randomized Clinical Trials. JAMA Psychiatry 2020, 77, 1031–1043. [CrossRef]

20. Urizar, G.G.; Jr Miller, K.; Saldaña, K.S.; Garovoy, N.; Sweet, C.M.C.; King, A.C. Effects of Health Behavior Interventions on

Psychosocial Outcomes and Cortisol Regulation Among Chronically Stressed Midlife and Older Adults. Int. J. Behav. Med. 2021.

[CrossRef]

21. Carrico, A.W.; Antoni, M.H. Effects of Psychological Interventions on Neuroendocrine Hormone Regulation and Immune Status

in HIV-Positive Persons: A Review of Randomized Controlled Trials. Psychosom. Med. 2008, 7, 575–584. [CrossRef]

22. Moraes, L.J.; Miranda, M.B.; Loures, L.F.; Mainieri, A.G.; Mármora, C.H.C. A Systematic Review of Psychoneuroimmunology-

Based Interventions. Psychol. Health Med. 2018, 23, 635–652. [CrossRef]

23. Park, L.C.; Covi, L. Nonblind Placebo Trial: An Exploration of Neurotic Patients’ Responses to Placebo when its Inert Content is

Disclosed. Arch. Gen. Psychiatry 1965, 12, 336–345. [CrossRef]

24. Sandler, A.D.; Bodfish, J.W. Open-Label Use of Placebos in the Treatment of ADHD: A Pilot Study. Child. Care Health Dev. 2008,

34, 104–110. [CrossRef]

25. Kaptchuk, T.J.; Friedlander, E.; Kelley, J.M.; Sanchez, M.N.; Kokkotou, E.; Singer, J.P.; Lembo, A.J. Placebos Without Deception: A

Randomized Controlled Trial in Irritable Bowel Syndrome. PLoS ONE 2010, 5, e15591. [CrossRef]

26. Kelley, J.M.; Kaptchuk, T.J.; Cusin, C.; Lipkin, S.; Fava, M. Open-Label Placebo for Major Depressive Disorder: A Pilot Randomized

Controlled Trial. Psychother. Psychosom. 2012, 81, 312–314. [CrossRef] [PubMed]

27. Kam-Hansen, S.; Jakubowski, M.; Kelley, J.M.; Kirsch, I.; Hoaglin, D.C.; Kaptchuk, T.J.; Burstein, R. Altered Placebo and Drug

Labeling Changes the Outcome of Episodic Migraine Attacks. Sci. Transl. Med. 2014, 6, 218ra215. [CrossRef]

28. Carvalho, C.; Caetano, J.M.; Cunha, L.; Rebouta, P.; Kaptchuk, T.J.; Kirsch, I. Open-Label Placebo Treatment in Chronic Low Back

Pain: A Randomized Controlled Trial. Pain 2016, 157, 2766–2772. [CrossRef]

29. Schaefer, M.; Harke, R.; Denke, C. Open-Label Placebos Improve Symptoms in Allergic Rhinitis. Psychother. Psychosom. 2016, 85,

373–374. [CrossRef] [PubMed]

30. Hoenemeyer, T.W.; Kaptchuk, T.J.; Mehta, T.S.; Fontaine, K.R. Open-Label Placebo Treatment for Cancer-Related Fatigue: A

Randomized-Controlled Clinical Trial. Sci. Rep. 2018, 8, 2784. [CrossRef]

31. Schaefer, M.; Sahin, T.; Berstecher, B. Why do Open-Label Placebos Work? A Randomized Controlled Trial of an Open-Label

Placebo Induction with and Without Extended Information about the Placebo Effect in Allergic Rhinitis. PLoS ONE 2018, 13,

e0192758. [CrossRef]

32. Blease, C.R.; Bishop, F.L.; Kaptchuk, T.J. Informed Consent and Clinical Trials: Where is the Placebo Effect? BMJ 2017, 356, j463.

[CrossRef]

33. Kaptchuk, T.J. Open-Label Placebo: Reflections on a Research Agenda. Perspect Biol. Med. 2018, 61, 311–334. [CrossRef] [PubMed]

http://doi.org/10.1111/nicc.12489
http://www.ncbi.nlm.nih.gov/pubmed/31840391
http://doi.org/10.3389/fpsyt.2020.595584
http://doi.org/10.1177/0004867415621390
http://doi.org/10.1523/JNEUROSCI.2534-08.2008
http://www.ncbi.nlm.nih.gov/pubmed/19052197
http://doi.org/10.1016/j.yhbeh.2011.01.004
http://www.ncbi.nlm.nih.gov/pubmed/21272586
http://doi.org/10.1016/j.neuron.2005.05.023
http://doi.org/10.1007/978-3-662-44519-8_10
http://doi.org/10.1016/bs.irn.2018.01.001
http://doi.org/10.1096/fj.02-0389com
http://www.ncbi.nlm.nih.gov/pubmed/12468450
http://doi.org/10.1037/0278-6133.20.1.47
http://www.ncbi.nlm.nih.gov/pubmed/11199066
http://doi.org/10.1136/bmj.1.5335.925
http://doi.org/10.1016/S0006-3223(03)00465-7
http://doi.org/10.1016/j.yhbeh.2019.104587
http://doi.org/10.1001/jamapsychiatry.2020.0431
http://doi.org/10.1007/s12529-021-09957-1
http://doi.org/10.1097/PSY.0b013e31817a5d30
http://doi.org/10.1080/13548506.2017.1417607
http://doi.org/10.1001/archpsyc.1965.01720340008002
http://doi.org/10.1111/j.1365-2214.2007.00797.x
http://doi.org/10.1371/journal.pone.0015591
http://doi.org/10.1159/000337053
http://www.ncbi.nlm.nih.gov/pubmed/22854752
http://doi.org/10.1126/scitranslmed.3006175
http://doi.org/10.1097/j.pain.0000000000000700
http://doi.org/10.1159/000447242
http://www.ncbi.nlm.nih.gov/pubmed/27744433
http://doi.org/10.1038/s41598-018-20993-y
http://doi.org/10.1371/journal.pone.0192758
http://doi.org/10.1136/bmj.j463
http://doi.org/10.1353/pbm.2018.0045
http://www.ncbi.nlm.nih.gov/pubmed/30293971


Brain Sci. 2021, 11, 508 13 of 13

34. Saunders, B.; Saito, T.; Klosterhoff, R.; de Oliveira, L.F.; Barreto, G.; Perim, P.; Gualano, B. I Put it in My Head that the Supplement

Would Help Me: Open-Placebo Improves Exercise Performance in Female Cyclists. PLoS ONE 2019, 14, e0222982. [CrossRef]

[PubMed]

35. Schaefer, M.; Denke, C.; Harke, R.; Olk, N.; Erkovan, M.; Enge, S. Open-Label Placebos Reduce Test Anxiety and Improve

Self-Management Skills: A Randomized-Controlled Trial. Sci. Rep. 2019, 9, 13317. [CrossRef] [PubMed]

36. Mathur, A.; Jarrett, P.; Broadbent, E.; Petrie, K.J. Open-Label Placebos for Wound Healing: A Randomized Controlled Trial. Ann.

Behav. Med. 2018, 52, 902–908. [CrossRef] [PubMed]

37. Smeets, T.; Cornelisse, S.; Quaedflieg, C.W.; Meyer, T.; Jelicic, M.; Merckelbach, H. Introducing the Maastricht Acute Stress Test

(MAST): A Quick and Non-Invasive Approach to Elicit Robust Autonomic and Glucocorticoid Stress Responses. Psychoneuroen-

docrinology 2012, 37, 1998–2008. [CrossRef] [PubMed]

38. Charlesworth, J.E.G.; Petkovic, G.; Kelley, J.M.; Hunter, M.; Onakpoya, I.; Roberts, N.; Miller, F.G.; Howick, J. Effects of Placebos

without Deception Compared with no Treatment: A Systematic Review and Meta-Analysis. J. Evid. Based Med. 2017, 10, 97–107.

[CrossRef]

39. Rombold, F.; Wingenfeld, K.; Renneberg, B.; Schwarzkopf, F.; Hellmann-Regen, J.; Otte, C.; Roepke, S. Impact of Exogenous

Cortisol on the Formation of Intrusive Memories in Healthy Women. J. Psychiatr. Res. 2016, 83, 71–78. [CrossRef]

40. Schultebraucks, K.; Deuter, C.E.; Duesenberg, M.; Schulze, L.; Hellmann-Regen, J.; Domke, A.; Wingenfeld, K. Selective

Attention to Emotional Cues and Emotion Recognition in Healthy Subjects: The Role of Mineralocorticoid Receptor Stimulation.

Psychopharmacology 2016, 233, 3405–3415. [CrossRef]

41. Spitzer, C.; Otte, C.; Kuehl, L.K.; May, A.; Schultebraucks, K.; Hellmann-Regen, J.; Wingenfeld, K. The Dexamethasone Corti-

cotropin Releasing Hormone Test in Healthy and Depressed Women with and Without Childhood Adversity. Psychoneuroen-

docrinology 2018, 87, 147–151. [CrossRef]

42. Schulz, P.; Schlotz, W.; Becker, P. Trierer Inventar zum Chronischen Stress (TICS); Hogrefe: Göttingen, Germany, 2008.

43. Danner, D.; Rammstedt, B.; Bluemke, M.; Treiber, L.; Berres, S.; Soto, C.; John, O. Die Deutsche Version des Big Five Inventory 2

(BFI-2). Diagnostica 2019, 65, 1–12. [CrossRef]

44. Leibowitz, K.A.; Hardebeck, E.J.; Goyer, J.P.; Crum, A.J. The Role of Patient Beliefs in Open-Label Placebo Effects. Health Psychol.

2019, 38, 613–622. [CrossRef]

45. Hoeger Bement, M.; Weyer, A.; Keller, M.; Harkins, A.L.; Hunter, S.K. Anxiety and Stress Can Predict Pain Perception Following a

Cognitive Stress. Physiol. Behav. 2010, 101, 87–92. [CrossRef] [PubMed]

46. Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.; Vagg, P.R.; Jacobs, G.A. Manual for the State-Trait Anxiety Inventory; Consulting

Psychologists Press: Palo Alto, CA, USA, 1983.

47. Laux, L.; Hock, M.; Bergner-Köhler, R.; Hodapp, V.; Renner, K.-H. Das State-Trait-Angst-Depressions-Inventar; Hogrefe: Göttingen,

Germany, 2013.

48. Watson, D.; Clark, L.A.; Tellegen, A. Development and Validation of Brief Measures of Positive and Negative Affect: The PANAS

Scales. J. Personal. Soc. Psychol. 1988, 54, 1063–1070. [CrossRef]

49. Krohne, H.W.; Egloff, B.; Kohlmann, C.; Tausch, A. Investigations with a German Version of the Positive and Negative Affect

Schedule (PANAS). Diagnostica 1996, 42, 139–156.

50. Vachon-Presseau, E.; Berger, S.E.; Abdullah, T.B.; Huang, L.; Cecchi, G.A.; Griffith, J.W.; Apkarian, A.V. Brain and Psychological

Determinants of Placebo Pill Response in Chronic Pain Patients. Nat. Commun. 2018, 9, 3397. [CrossRef]

51. Danner, D.; Rammstedt, B.; Bluemke, M.; Lechner, C.; Berres, S.; Knopf, T.; John, O.P. Die Deutsche Version des Big Five Inventory

2 (BFI-2). Zusammenstellung Sozialwissenschaftlicher Items und Skalen (ZIS). Available online: https://www.ssoar.info/ssoar/

handle/document/65715 (accessed on 7 April 2021).

52. Cohen, F.; Kearney, K.A.; Zegans, L.S.; Kemeny, M.E.; Neuhaus, J.M.; Stites, D.P. Differential Immune System Changes with Acute

and Persistent Stress for Optimists vs. Pessimists. Brain Behav. Immun. 1999, 13, 155–174. [CrossRef]

53. Morton, D.L.; Watson, A.; El-Deredy, W.; Jones, A.K. Reproducibility of Placebo Analgesia: Effect of Dispositional Optimism. Pain

2009, 146, 194–198. [CrossRef]

54. Kern, A.; Kramm, C.; Witt, C.M.; Barth, J. The Influence of Personality Traits on the Placebo/Nocebo Response: A Systematic

Review. J. Psychosom. Res. 2020, 128, 109866. [CrossRef] [PubMed]

55. Lidstone, S.C.; Schulzer, M.; Dinelle, K.; Mak, E.; Sossi, V.; Ruth, T.J.; Stoessl, A.J. Effects of Expectation on Placebo-Induced

Dopamine Release in Parkinson Disease. Arch. Gen. Psychiatry 2010, 67, 857–865. [CrossRef] [PubMed]

56. Enck, P.; Bingel, U.; Schedlowski, M.; Rief, W. The Placebo Response in Medicine: Minimize, Maximize or Personalize? Nat. Rev.

Drug Discov. 2013, 12, 191–204. [CrossRef] [PubMed]

57. Bargh, J.A. The Modern Unconscious. World Psychiatry 2019, 18, 225–226. [CrossRef]

58. Ongaro, G.; Ward, D. An Enactive Account of Placebo Effects. Biol. Philos. 2017, 32, 507–533. [CrossRef]

59. Guevarra, D.A.; Moser, J.S.; Wager, T.D.; Kross, E. Placebos without Deception Reduce Self-Report and Neural Measures of

Emotional Distress. Nat. Commun. 2020, 11, 3785. [CrossRef] [PubMed]

60. Moser, J.S.; Dougherty, A.; Mattson, W.I.; Katz, B.; Moran, T.P.; Guevarra, D.; Kross, E. Third-Person Self-Talk Facilitates Emotion

Regulation Without Engaging Cognitive Control: Converging Evidence from ERP and fMRI. Sci. Rep. 2017, 7, 4519. [CrossRef]

[PubMed]

http://doi.org/10.1371/journal.pone.0222982
http://www.ncbi.nlm.nih.gov/pubmed/31550286
http://doi.org/10.1038/s41598-019-49466-6
http://www.ncbi.nlm.nih.gov/pubmed/31527670
http://doi.org/10.1093/abm/kax057
http://www.ncbi.nlm.nih.gov/pubmed/30212845
http://doi.org/10.1016/j.psyneuen.2012.04.012
http://www.ncbi.nlm.nih.gov/pubmed/22608857
http://doi.org/10.1111/jebm.12251
http://doi.org/10.1016/j.jpsychires.2016.08.005
http://doi.org/10.1007/s00213-016-4380-0
http://doi.org/10.1016/j.psyneuen.2017.10.016
http://doi.org/10.6102/zis247.10.6102/zis247
http://doi.org/10.1037/hea0000751
http://doi.org/10.1016/j.physbeh.2010.04.021
http://www.ncbi.nlm.nih.gov/pubmed/20434475
http://doi.org/10.1037/0022-3514.54.6.1063
http://doi.org/10.1038/s41467-018-05859-1
https://www.ssoar.info/ssoar/handle/document/65715
https://www.ssoar.info/ssoar/handle/document/65715
http://doi.org/10.1006/brbi.1998.0531
http://doi.org/10.1016/j.pain.2009.07.026
http://doi.org/10.1016/j.jpsychores.2019.109866
http://www.ncbi.nlm.nih.gov/pubmed/31760341
http://doi.org/10.1001/archgenpsychiatry.2010.88
http://www.ncbi.nlm.nih.gov/pubmed/20679593
http://doi.org/10.1038/nrd3923
http://www.ncbi.nlm.nih.gov/pubmed/23449306
http://doi.org/10.1002/wps.20625
http://doi.org/10.1007/s10539-017-9572-4
http://doi.org/10.1038/s41467-020-17654-y
http://www.ncbi.nlm.nih.gov/pubmed/32728026
http://doi.org/10.1038/s41598-017-04047-3
http://www.ncbi.nlm.nih.gov/pubmed/28674404

	Introduction 
	Materials and Methods 
	Participants 
	Maastricht Acute Stress Test 
	Neuroendocrine Stress Responses 
	Procedure 
	Statistical Analysis 

	Results 
	Stress Responses: Self-Report Measures between OLP and Control Group 
	Stress Responses: Neuroendocrine Responses between OLP and Control Group 
	Stress Responses for OLP Group Only: Self-Report Measures for Stress Depending on High vs. Low Belief 
	Stress Responses for OLP Group Only: Neuroendocrine Measures Depending on High vs. Low Belief in Placebos 
	Correlations of Personality Measures with Belief in Placebos 

	Discussion 
	Conclusions 
	References

