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The etiology of takotsubo cardiomyopathy (TTC)—a rare, reversible, and acquired form of 
cardiac diseases—is not yet fully explained. An exaggerated activation of the sympathetic-
nervous-system (SNS) following stressful psychosocial life events is discussed to be of 
key importance. In this experimental study, we tested whether TTC patients, compared 
to heart-healthy controls, respond more strongly to supporting placebo interventions and 
stressful nocebo interventions targeting cardiac function. In a single experimental session, 
20 female TTC patients and 20 age matched (mean age 61.5 years, ± 12.89) catheter-
confirmed heart-healthy women were examined. Saline solution was administered three 
times i.v. to all participants, with the verbal suggestion they receive an inert substance with 
no effects on the heart (neutral condition), a drug that would support cardiac functions 
(positive condition), and a drug that would burden the heart (negative condition). Systolic 
and diastolic blood pressure (DBP/SBP), heart rate (HR), endocrine markers cortisol  
(µg/dl), copeptin (pmol/l), and subjective stress ratings (SUD) were assessed to examine 
alterations of the SNS and the hypothalamic–pituitary–adrenal axis (HPA). Before and after 
each intervention SUD was rated. One pre and three post serum cortisol and copeptin 
samples were assessed, and a long-term electrocardiogram as well as non-invasive, 
continuous blood pressure was recorded. The study design elucidated a significant 
increase of SUD levels as a response to the nocebo intervention, while perceived stress 
remained unaffected during the preceding neutral and positive interventions. Increasing 
SUD levels were accompanied by higher SBP and an anticipatory increase of HR shortly 
prior to the nocebo intervention. SBP increased also as a response to positive verbal 
suggestions (Bonferroni-corrected p-values > .05). Alterations of cortisol and copeptin 
due to the interventions and significant placebo effects failed to appear. Interestingly no 
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INTRODUCTION

Placebo effects are conceptualized as neurobiological 
phenomena, resulting from the positive psychosocial context, 
a treatment is embedded in. Correspondingly, a negative 
psychosocial context may induce negative clinical outcomes, 
referred to as “nocebo effects.” The current state of research 
suggests that placebo and nocebo effects are mediated by explicit 
expectations and shaped by different means; social observational 
learning (1), classical conditioning (2), and verbal suggestions 
(3). The doctor’s verbal suggestions inducing positive or negative 
outcome expectations are an important feature for placebo and 
nocebo effects (4–7). Placebo effects on functions linked to 
the central nervous system (CNS) such as pain or Parkinson’s 
disease have been extensively investigated and their mechanisms 
are well understood (6, 8). For example, placebo analgesia 
is often associated with the release of endogenous opioids, 
whereas placebo-induced motor improvement in patients 
with Parkinson’s disease could be connected to the release of 
dopamine in the dorsal striatum (8, 9). Within several studies, it 
has been demonstrated that placebo interventions can also affect 
peripheral organ functions (e.g., pulmonary and cardiovascular 
functions) controlled by the autonomic nervous system (ANS) 
(10–13), but results in this neglected area of placebo research 
are often ambiguous. For example, significant effects of verbal 
suggestions specifically targeting the diameter of coronary 
arteries could be observed during a coronary angiography. Here 
participants received intracoronary saline injections, together 
with the verbal suggestion the “drug” would widen the heart 
vessels and improve cardiac perfusion. Interestingly, the verbal 
suggestion led to coronary vasoconstriction accompanied by 
chest pain reduction. Acute psychological burden, HR and 
BP did not change significantly. Authors concluded that the 
coronary vasoconstriction was not caused by increased stress 
levels but by a reduction of sympathetic outflow and/or increase 
of parasympathetic outflow to the cardiac vessels (12).

Takotsubo cardiomyopathy (TTC) (also referred to as “stress-
induced cardiomyopathy” or “broken heart syndrome”) is 
considered a very rare, reversible, and acquired form of primary 
myocardial disorders (14–16). TTC is characterized by an acute, 
functional disturbance in the contraction of the myocardium, 
primarily affecting mid and apical areas of the left ventricle, 
accompanied by symptoms and signs rather similar to those of 
the acute phase of a myocardial infarction (MI) (e.g., chest pain, 

dyspnea or alterations in the electrocardiogram or cardiac markers 
such as troponin), while the coronary arteries are mostly unaffected 
in TTC patients (17). Medeiros and colleagues found a similar 
impairment of systolic and diastolic function in TTCs and post 
MI patients, despite of their completely different pathophysiology 
(18). An increased sympathetic tone as well as a concomitant 
enhanced myocyte and microvascular catecholamine sensitivity 
is considered to increase the individual’s vulnerability and may 
therefore serve as a risk factor for the development of TTC (19).

Approximately 0.07–2.3% of patients, suspected with an 
acute coronary syndrome (ACS), are diagnosed with TTC 
after cardiac catheter examination, with almost 90% being 
postmenopausal women (14, 20–24). The etiology of TTC is not 
yet fully explained. A dysfunctional presentation and processing 
of external physiological or psychosocial stressors are assumed 
to initiate an inadequate activation of the sympathetic nervous 
system, and therefore a pathophysiological cascade of the TTC-
patient’s myocardium (23, 25, 26). Triggers are not necessarily 
negative. A very small percentage of TTC patients (approximately 
4%) experience a positive life event (e.g. a birthday party or the 
child’s wedding), prior to the onset of the disease. It is supposed 
that, positive as well as negative events are proceeding through 
analogous signal pathways in the central nervous system (26, 27).

Further, data on the recurrence of TTC varies, but relapses are 
not infrequent with approximately 1.5% to 2.4% per patient-year 
and a rate of 5% to 11.4% within the first 4 years (25, 28–30). 
Simultaneously, several studies found a significantly higher 
mortality rate in TTCs in comparison with a control group of the 
same age and sex (25, 31, 32). Apart from cardiovascular events, 
this appears to be due to an increased prevalence of non-cardiac 
comorbidities, which suggests a persistent pathology, presumably 
referring to an alteration of the sympathetic system, inherent in 
TTC patients (28, 33–36).

Based on these considerations, we investigated whether 
the cardiac regulation of TTC patients reacts more sensitively 
to positive and negative external stimuli than that of heart-
healthy individuals. In a case–control study, we examined the 
cardiovascular response to placebo and nocebo interventions 
targeting the cardiac functions in 20 TTC patients on average 
two years after disease onset and 20 matched heart-healthy 
individuals. We hypothesized that in TTC patients cardiovascular 
and perceived stress parameters would be stronger regulated as 
a response to placebo and nocebo interventions compared to 
healthy individuals.

differences between TCC patients and controls could be found.These findings do not 
support the assumption of an exaggerated activation of the SNS as a discriminatory 
factor for TTC. Since especially the nocebo intervention revealed negative subjective and 
objective effects, our results underscore the urgent need to consider carefully the impact 
of verbal suggestions in the interaction with cardiac patients in daily clinical routine. This 
study is registered at the Deutsches Register Klinischer Studien (DRKS00009296).

Keywords: placebo effects, nocebo effects, takotsubo cardiomyopathy, cardiological response, sympathetic 
nervous system
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MATERIAL AND METHODS

Sample
This case–control study (controlled for age) included 20 women, 
diagnosed with TTC, and 20 volunteers (CG) free of significant 
coronary artery disease (vessel stenosis ≤30%, confirmed via 
heart catheterization in the past) (see Table 1). TTC patients 
were diagnosed regarding Mayo Clinic’s diagnostic criteria for 
Takotsubo Cardiomyopathy. These are: 1) transient hypokinesis, 
akinesis, or dyskinesis of the left ventricular mid segments 
with or without apical involvement; regional wall motion 
abnormalities extending beyond a single epicardial vascular 
distribution, with a stressful trigger often, but not always present, 
2) absence of obstructive coronary disease or angiographic 
evidence of acute plaque rupture, 3) new electrocardiographic 
abnormalities (either ST-segment elevation and/or T-wave 
inversion) or modest elevation in cardiac troponin, 4) absence 
of a pheochromocytoma or myocarditis (37). Participants with 
significantly decreased ejection fraction (<55%) or low German 
proficiency, were excluded from the study. The mean time 
interval between the episode of TTC and the participation in 
the study was 24.61 months (±22.8). A total of 40 eligible women 
diagnosed at “Deutsches Herzzentrum” and “Medizinische 
Klinik und Poliklinik I, Klinikum rechts der Isar,” Technical 
University, Munich, were enrolled in the study and contacted 
via mail and  followed-up by a phone call. The study protocol 
was approved by the institutional review board. All participants 
received 50 € compensation, borne by the Deutsches 
Herzzentrum, Munich.

Endpoints
The following parameter were chosen as primary endpoints in 
order to indicate alterations of the SNS and the HPA, the main 
peripheral pathways of the human stress system: Non-invasive 
continuous systolic (SBP) and diastolic blood pressure (DBP) 
as well as heart rate (HR) measured with Finapress Nova device 
(Finapres Medical Systems B.V.), as established indicators for the 
adaptive response to altered environmental, bio-psycho-social 
stimuli. Both cardiac functions are self-modifiable to attune 
the delivery of oxygenated blood by augmenting the beating 
frequency, respectively the pressure, with which the blood is 
pumped through the arteries (38). In addition, perceived stress 
was assessed by the “subjective units of distress scale” (SUD), an 
11-point numeric rating scale from 0 (no stress) to 10 (maximal 
stress). Furthermore, blood samples were taken to measure 
cortisol (µg/dl) and copeptin (pmol/l). Cortisol has been shown 
to be proportionate to the degree of stress on a peripheral level. 
To gain a more direct insight in the stress level on the cerebral 
level, copeptin was chosen as a second humoral stress marker. 
Copeptin, a pre-hormone of vasopressin, is considered a relevant 
marker for acute, endogenous stress, especially associated with 
cardiological diseases (e.g. myocardial infarctions) (39–42).

Procedure
The experiment was performed in the Department of Cardiology 
at Klinikum rechts der Isar, between 10:00 am and 1:00 pm in 
a cardiological outpatient lab. Participants were examined at 
different time points with no contact to each other; therefore an 
exchange of experiences during the experiment was not possible 
and no “placebo-by-proxy” effects could emerge (43). After 
obtaining informed consent, participants received a transthoracic 
echocardiography to assess standard parameters [e.g., septum 
thickness (mm) and ejection fraction (%)]. Thereafter, the 
study coordinator connected the participants to the Finapress 
Nova device (Finapres Medical Systems B.V.) and activated 
the continuous measurement of cardiovascular parameters 
[blood pressure (mmHg), heart rate (bpm)] while the attending 
physician established vascular access and took the first blood 
sample [cortisol (µg/dl) and copeptin (pmol/l)] (see Figure 1).

At the beginning of the experiment (M0), the participants 
were asked to rate their perceived stress (SUD). After a baseline 
measurement of approximately 5 min, during which the 
cardiological parameters were continuously assessed, the first 
sham-intervention took place (I1). Here, the physician administered 
2 ml of 0.9% physiological saline solution (NaCl) intravenously 
together with a standardized verbal neutral suggestion that the 
intravenously administered solution would not cause any bodily 
changes “similar to taking a sip of water.” Thereafter, the first 
post-intervention measurement of physiological parameters 
was performed (approximately 5 min). At the end, patients 
were asked again to rate their level of distress on an 11-point 
numeric rating scale (from 0 = no stress to 10 = maximal 
stress) and blood samples were taken for a second time (M2). 
Subsequently,  the  same procedure was performed for the 
placebo and the nocebo interventions: after a pre-intervention 
measurement of physiological parameters of approximately 5 min 

TABLE 1 | Baseline characteristics.

Characteristic TTC Controls p

Age (years), Mean (SD) 61.65 (14.1) 61.35 (11.67) .94†

Time point of examination (n) .43††

09:00 am 5 8
11:00 am 11 7
01:00 pm 4 5

Living in a relationship (n) 18 16 .64††

Number of children, Median (IQR) 2 (1–2) 1.5 (1–2) .94†

Living condition (n)
Alone 5 7 .73††

With partner and/or children 13 11 .51††

With children 4 7 .48††

Employment situation (n) .64††

Fulltime 6 5
Part time > 50% 2 5
Part time < 50% 0 1
Unemployed 1 0
Retired 8 7
Full time household 2 2

Short Form Health Survey (SF-12)
Physical component summary 
score (PCS)

55.8 (19.8) 50.3 (19.2) .43†

Mental health component 
summary score (MCS)

56.2 (20.2) 51.3 (19.3) .45†

Time since diagnosis (months), Mean 
(SD)

24.61 (22.8)

Values are mean ± SD or n (%). †Mann–Whitney–U test, ††Chi-square-Test.
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patients were asked to rate perceived stress levels (SUD) (M3). 
Next, 2 ml NaCl was administered intravenously accompanied 
by a standardized verbal positive suggestion that the intervention 
would “strengthen the heart,” “blood pressure and heart rate 
would decrease,” and “breathing would become easier” as the 
body would be “better supplied with oxygen” (I3). Then another 
post-intervention measuring period (approximately 5 min) 
was obtained with continuous measurement of physiological 
parameters. At the end of this period, distress levels were 
assessed and blood samples were taken (M4). Again after a 
pre-intervention period of approximately 5 min, stress ratings 
(SUD) were assessed again (M5). Finally, the last 2 ml NaCl 
was administered analogously to the previous conditions, with 
the verbal suggestion that this intervention would “burden” 
the heart, it would need to work “stronger and faster,” and “hot 
flashes” could occur (I5). Conclusively, the last post-intervention 
period (approximately 5 min) was performed with continuous 
measurement of physiological parameters and assessment of 
distress levels, and the last blood sample was taken (M6). At the 
end of the examination the study rationale was disclosed to the 
participants and they were informed about the placebo character 
of the study with the administered substance being only “water.” 
Additionally, the individual echocardiography results were 
reviewed together with the patient.

Statistical Analysis
Analyses were performed by means of IBM SPSS Statistics 25 
with a p-value ≤ 0.05 considered as significant. Mean values of 
HR, SBP, and DBP were calculated for the period from 200 to 
20 s prior to the interventions (pre values) and 20 to 200 s after 
the interventions (post values). Data that did not fit normal 
distribution were logarithmized. Pre-post changes of HR, 
SBP, and DBP induced by the neutral, positive, and negative 
interventions were compared between groups by means of a 
mixed-design ANOVA with the within-subject factors “time” 
(pre and post intervention) and “condition” (neutral, positive, 
and negative), and the between-subject factor “group” (TTC, 

controls). Subsequently Bonferroni-corrected post hoc tests were 
performed. Due to the absence of a normal distribution, SUD 
levels were evaluated by using Bonferroni-corrected Wilcoxon 
signed-rank tests and Kruskal–Wallis tests, respectively; 
changes of cortisol as well as copeptin levels were calculated 
using Wilcoxon signed-rank tests, Mann–Whitney–U, and 
Friedman tests.

RESULTS

Baseline Characteristics
TTC patients and controls were comparable with regard to age, 
employment situation, living situation, and quality of life. The 
time point of evaluation did not differ between groups and the 
mean time span between the TTC diagnosis and the examination 
was 24.61 months (±22.8) (Table 1).

Subjective Units of Distress (SUD)
SUD changes from before to after the neutral, positive, and negative 
intervention were evaluated by using the Wilcoxon signed-rank 
tests. No significant changes were observed in response to the 
neutral and positive verbal suggestions (Bonferroni-corrected 
p = .1 and p = .06, respectively). However, SUD ratings increased 
in response to the negative verbal suggestion (Bonferroni-
corrected p < .001), indicating a nocebo effect on perceived 
stress. SUD did not differ between patients with a history of 
TTC and heart-healthy controls at any time point during the 
experiment (Mann–Whitney–U test, all  Bonferroni-corrected 
p > .05) (Figure 2 and Table 2).

Systolic Blood Pressure (SBP)
The mixed-design ANOVA with the within-subject factors 
“time” (pre, post intervention) and “condition” (neutral, positive, 
negative) and the between-subject factor “group” (TTC, controls) 
was used to examine SBP levels. A significant interaction between 

FIGURE 1 | Procedure. M, Measurement; I, Intervention; HR, heart rate; RR, blood pressure.
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“time” and “condition” was found (F(2,76) = 14.09; p < .001). Post 
hoc tests showed higher SBP levels in response to the negative 
and the positive verbal suggestions as compared to the neutral 
verbal suggestion (Bonferroni-corrected p-values, p = .045 and 
p = .002, respectively). There was also a significant main effect 
for “condition” (F(2,76) = 3.2, p = .047). Bonferroni-corrected post 
hoc tests, however, revealed no significant difference between 
conditions. No other main or interaction effects were significant 
(Figure 3 and Table 2).

Diastolic Blood Pressure (DBP)
The mixed-design ANOVA for DBP levels with the within-subject 
factors “time” (pre andf post intervention) and “condition” 
(neutral, positive, and negative) and the between-subject factor 
“group” (TTC and controls) revealed no significant main or 
interaction effects (Figure 4 and Table 2).

Heart Rate (HR)
The mixed-design ANOVA with the within-subject factors “time” 
(pre and post intervention) and “condition” (neutral, positive, 
and negative) and the between-subject factor “group” (TTC and 
controls) for HR levels revealed a significant interaction effect 
between “time” and “condition” (F(2,76) = 5.5; p = .01). Simple 
effects analyses showed that this interaction was due to higher 
HR levels before the negative verbal suggestion compared to 
before the positive verbal suggestion, indicating an anticipatory 
increase of HR (Bonferroni-corrected p = .02). Furthermore, a 
significant main effect of “condition” was found (F(2,78) = 5.11, 
p = .01), with higher HR levels in the nocebo condition compared 
to the neutral condition (Bonferroni-corrected p = .037). Finally, 
the main effect of “time” was significant (F(1,39) = 46.8, p < .001), 
which was due to increasing HR levels from before to after the 
intervention (estimated means ± SE, before: 56.5 ± 1.2 and after: 
57.4 ± 1.2). No other main or interaction effects were significant 
(Figures 5, 6 and Table 2).

FIGURE 2 | Subjective Units of Distress (means ± SD) before and after the neutral, positive, and negative interventions.

TABLE 2 | Subjective Units of Distress (SUD), systolic blood pressure (mmHg).

Time point TTC Controls

Subjective Units of Distress (SUD) Mean SD Mean SD
 Pre neutral suggestion .15 .49 .05 .22
 Post neutral suggestion .4 .88 .2 .52
 Pre positive suggestion .4 .88 .1 .45
 Post positive suggestion .35 .81 .1 .45
 Pre negative suggestion .15 .49 .0 .0
 Post negative suggestion 1.4 1.1 1.6 1.1
Systolic blood pressure (mmHg)
 Pre neutral suggestion 120.37 10.86 127.01 18.42
 Post neutral suggestion 118.62 8.61 123.11 19.01
 Pre positive suggestion 120.45 17.1 130.63 26.47
 Post positive suggestion 124.87 13.8 131.53 56.53
 Pre negative suggestion 127.72 13.93 125.13 20.42
 Post negative suggestion 134.82 22.36 129.1 21.03
 Pre neutral suggestion 120.37 10.86 127.01 18.42
Diastolic blood pressure (mmHg)
 Pre neutral suggestion 57.17 13.71 61.6 11
 Post neutral suggestion 58.0 11.83 59.16 11.1
 Pre positive suggestion 53.68 8.6 60.04 13.45
 Post positive suggestion 55.62 7.29 59.67 13.41
 Pre negative suggestion 57.91 10.41 59.56 13.21
 Post negative suggestion 59.1 10.69 61.39 13.23
Heart rate (bpm)
 Pre neutral suggestion 54.38 5.46 55.34 7.44
 Post neutral suggestion 55.74 5.61 56.95 7.76
 Pre positive suggestion 57.92 9.05 56.17 8.32
 Post positive suggestion 58.69 8.47 57.57 8.63
 Pre negative suggestion 58.21 9.29 57.69 8.73
 Post negative suggestion 58.53 8.86 57.63 8.48
Cortisol (µg/dl)
 Pre neutral suggestion 13.23 5.46 14.05 7.44
 Post neutral suggestion 12.87 5.61 13.54 7.76
 Post positive suggestion 12.37 8.47 13.08 8.63
 Post negative suggestion 11.99 8.86 12.81 8.48
Copeptin (pmol/l)
 Pre neutral suggestion 54.38 20.82 55.34 20.73
 Post neutral suggestion 55.74 20.83 56.95 20.65
 Post positive suggestion 58.69 20.92 57.57 20.66
 Post negative suggestion 58.53 20.80 57.63 20.75
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Humoral Stress Markers
Cortisol levels at baseline and after the neutral, the positive and 
the negative verbal suggestions were compared by Friedman 
tests. Results revealed a significant difference between 
conditions (x2 = 64.3, p < .001), which was due to a significant 
decrease of cortisol levels from condition to condition 
(Wilcoxon tests, all Bonferroni-corrected p < .001). In no 
condition significant group differences between TTC patients 

and controls were observed (Mann–Whitney–U test, all 
Bonferroni-corrected p-values = 1) (Table 2). A Friedman test 
for copeptin levels at baseline and after the neutral, the positive 
and the negative verbal suggestions revealed no significant 
differences between conditions (p = .84). In no condition 
significant differences between TTC patients and controls were 
observed (Mann–Whitney–U test, all Bonferroni-corrected 
p = 1) (Figure 7 and Table 2).

FIGURE 3 | Changes in systolic blood pressure in response to the neutral, positive, and negative placebo interventions.

FIGURE 4 | Changes diastolic blood pressure in response to the neutral, positive, and negative placebo interventions.
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DISCUSSION

In this study, we investigated cardiac, psychological, and 
endocrine stress responses to placebo and nocebo interventions 
targeting the heart in patients with a history of TTC and 
matched heart-healthy controls. Although the pathophysiology 
underlying TTC is not yet entirely clear, a dysfunctional, 
overmodulated stress response with enhanced sympathetic 
stimulation might be of key importance (19). We expected that 
physiological and behavioral responses to placebo and nocebo 
interventions would be more pronounced in patients with a 
history of TTC compared to controls than in heart-healthy 
controls. In our study a significant nocebo effect on subjective 
units of distress was detected for the whole group of 40 

participants. Furthermore, HR increased significantly before the 
nocebo intervention, possibly indicating anticipatory anxiety 
towards the upcoming negative intervention. In addition, SBP 
levels increased significantly in response to both, the placebo 
and nocebo interventions, suggesting a possible nocebo effect on 
SBP. Significant alterations of DBP, cortisol and copeptin due to 
the interventions failed to appear. Contrary to our expectations, 
none of these responses differed between TTC patients and 
heart-healthy controls.

Evidence regarding placebo effects on end organ functions 
regulated by the ANS (e.g., cardiovascular or gastric functions) 
is less clear compared to the accumulating evidence for 
placebo effects on functions associated with the central 
nervous system [e.g., pain and itch, e.g. Refs. (44–46)]. The 

FIGURE 5 | Changes in heart rate in response to the neutral, positive, and negative placebo interventions.

FIGURE 6 | Heart rate (bpm) during the anticipation phases (pre values) of the three interventions.
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ANS is characterized by high functional specificity provided 
through elaborated afferent and efferent fibers. Hence, it is not 
surprising that placebo and nocebo interventions targeting 
end-organ functions controlled by the ANS can display a high 
target-specificity (10, 47). The present study adds to this field 
of placebo research in addressing cardiac parameters that are 
under control of the autonomic nervous system (HR, SPB, and 
DBP), as well as subjective stress ratings (SUD) and humoral 
correlates (copeptin and cortisol). To our knowledge this is one 
of the first experimental studies, and the first placebo study, in 
patients with a history of TTC.

Our observations of significant effects from placebo and 
nocebo interventions on SPB and HR but not on DBP are in 
accordance with previous studies, which investigated placebo and 
nocebo effects on cardiovascular parameters by means of verbal 
suggestions (13, 48). Former investigations that aimed to induce 
BP changes in healthy individuals by means of a placebo-spray 
in combination with verbal suggestions for instance, assumed 
that the absence of significant BP alterations could potentially 
be explained by lacking associations between memories of 
physiological or mental states with specific autonomic changes 
in the brain, which might be a necessary condition for verbal 
suggestions to induce the intended effects (49). This explanation 
was linked to the central organizational principle of the brain 
named, the “reuse of neural circuity,” supposing that neural 
circuits established for a specific purpose, diversify or exploit 
to new uses, without losing their genuine function (50). This 
explanatory approach might also give insightful hints for the 
results of our study. A link between memories of BD and HR 
decreases and specific autonomic changes in the brain that could 
be crucial for the targeted physiological changes might not have 
been available.

Also the disclosure of the fixed order of the interventions, 
with the negative intervention being at the end, might have 

prevented the positive verbal suggestions to evoke HR and 
BP decrease. The increase of HR prior to the beginning of the 
nocebo intervention might be linked to the disclosure of the 
chronological order of interventions as well and could indicate 
anticipatory anxiety towards the nocebo intervention. Lyby and 
colleagues could show that fear can eliminate placebo effects 
induced by verbal suggestions (51). In this regard several 
imaging studies especially from the area of pain indicate that 
there is altered activity in the cortical nociceptor network 
already during the anticipation of pain (52, 53). Moreover, the 
perception of pain is not exclusively depending on the specific 
noxious stimulus. Attention, expectation and reappraisal seem 
to play an important role in the cognitive modulation of pain 
(54). Among other brain regions [e.g., dorsolateral prefrontal 
cortex (DLPFC) or the periaqueductal gray (PAG)], especially 
the rostral anterior cingulate cortex (rACC) seems to play an 
important role in the nociceptive network and reveals complex 
response patterns provoked by placebo interventions, but also 
during anticipation phases (55–59). An activation likelihood 
estimation meta-analysis also underlines the impact of negative 
expectations resulting from past experiences and present 
information on pain perception, which in turn might lead to 
higher pain intensity (60). Therefore, the anticipation of the 
negative intervention might explain the absence of relaxing 
effects due to the positive verbal suggestion and the increase 
of HR prior to the negative verbal suggestion. Nocebo effects 
(especially in the area of pain) have proven to be associated 
with complex biochemical and neuroendocrine mechanisms 
that seem to be connected to anticipatory anxiety (44). This 
suggests the activation of the HPA or SNS, which build the 
main peripheral pathways of the human stress system. The HPA 
axis regulates the release of cortisol that has been shown to be 
proportionate to the degree of stress on a peripheral level. In 
our study cortisol levels did not change as a response to the 

FIGURE 7 | Plasma cortisol levels according to interventions.
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interventions, as it could be seen in previous studies on nocebo 
hyperalgesia but “naturally” decreased during the examination 
(61, 62). A similar phenomenon could be seen in a study 
done by Meissner et al. who examined the predictive value of 
cortisol on motion sickness (63) or Benedetti et al. who showed 
that placebo and nocebo effects in cortisol secretion could 
not be induced by verbal suggestions, but were affected by 
pharmacological conditioning (3). A meta-analysis, again in the 
area of pain, showed that the combination of verbal suggestions 
and conditioning induces larger placebo and nocebo effects 
than verbal suggestions alone (64, 65). Colloca and colleagues 
concluded that conditioning is less important in nocebo 
hyperalgesia compared to placebo analgesia (1). Unintended 
expectations and stimulus pairings could have been developed 
through the TTC patient’s experiences during their disease 
history that might have led to a “blending” of expectation- and 
conditioning-induced effects in our examination (66).

The question of whether TTC is a transient, reversible disease, 
or is based on an enduring pathology affecting the sympathetic 
nervous system, is not yet fully clarified. It is widely believed 
that the suspected, exaggerated sympathetic activation within 
the acute phase of TCC is triggered by a precedent, mostly 
unexpected stressful life event [e.g., Ref. (21)]. The assumption 
that the normalization of the shape of the left ventricle and 
the systolic LVEF is accompanied by a regulation of the 
underlying sympathetic activation, would in turn explain the 
lacking difference between TTCs and heart-healthy controls. 
Additionally, recent studies indicate that the exposure to 
repeated stressors (in contrast to a single life event) is associated 
with the onset of TTC (67, 68), the authors argued that long-term 
stressful conditions might have led to an increased vulnerability 
towards strong emotional or physical stressors triggering the 
development of TTC. Within our study, positive as well as 
negative interventions were announced far in advance, took place 
in the “save environment” of the hospital and might therefore not 
have served as suitable stimuli for an exaggerated activation of 
the sympathetic nervous system. Another recent study focused 
on altered β-adrenergic signaling in TTC cardiomyocytes 
derived from pluripotent stem cells to explore whether genetic 
susceptibility underlies the pathophysiology of TTC. These 
findings point at a complex, multifactorial etiology of TTC with 
genetic predispositions combined with environmental factors 
such as age, postmenopausal hormonal status and stressful life 
events (69). At the cellular level, Borchert and colleagues could 
demonstrate that TTC phenotype was associated with enhanced 
β-adrenergic signaling and higher sensitivity to catecholamine-
induced toxicity (70). These considerations might be further 
promising regarding distinguishing features between TTC and 
heart healthy individuals.

Although the sample size of 20 TTC patients is comparably high 
considering the prevalence of 0.07–2.3% of patients suspected 
with an ACS, a larger number of participants in our study 
would have been desirable. As a further issue the participants’ 
medication intake (e.g., β-blocker) needs to be considered. 
Although the intake of antihypertensive medication was relatively 
similar in both groups, this could have led to a dampening effect 
of sympathetic activation and might therefore have reduced 

differences between groups. Furthermore, in the light of the 
explanations above, a combining of classical conditioning and 
verbal suggestions might have improved especially the placebo 
response but also the nocebo response. It could have shed new 
light on the impact of conditioning and verbal suggestions (resp. 
explicit expectations) on placebo and nocebo effects within 
the autonomic nervous system. A further limitation might be 
the variety of time spans between the cardiac event and the 
investigation that is attributed to the low prevalence of TTC. If 
we would have included patients within their acute phase only, 
the recruitment period would have been enormously long, which 
would have meant that constancy in further parameters, for 
instance examiner or examination rooms, could not have been 
guaranteed. If TTC is seen as a reversible disease or a maintaining 
pathology in stress processing, a predefinition of one or more 
specific time points (e.g., within the acute phase together with 
a two-year follow-up) needs to be considered in a further study. 
Due to standardization resp. generalization reasons (especially 
considering the relatively small sample size) the chronological 
order of the three interventions was standardized. Future studies 
should consider a cross-over design with a randomized order. 
The observation that the positive verbal suggestion did not 
reduce perceived stress is most probably due to a floor effect, 
since stress at baseline was very low (see Figure 2). Finally, the 
consideration that anticipatory anxiety might have prevented the 
induction of a placebo effect suggests to additionally collect fear 
ratings during the course of the intervention.

Summarizing, this study was the first to investigate effects of 
positive and negative verbal suggestions in combination with the 
intravenous application of saline solution on cardiac parameters 
in patients with a history of TTC compared to controls. Only an 
increase of SBP could be observed as a response to both positive and 
negative suggestions. Secondly the increase of SBP as a response 
to the nocebo intervention was congruently accompanied by 
higher levels of SUD. The increase of HR prior to the beginning 
of the nocebo intervention is possibly associated to anticipatory 
anxiety of the nocebo intervention. Our hypothesis that the 
cardiac response towards placebo and nocebo interventions in 
patients with a history of TTC would be different from those of 
heart-healthy controls could not be confirmed with our data, a 
TTC, on average diagnosed two years ago, does not appear to 
have an influence on the responsivity to placebo resp. nocebo 
interventions. This becomes even more important considering 
the fact that the etiology of TTC is not yet fully explained. The 
assumption that an altered sympathetic disposition might build 
the precondition for the pathophysiological cascade of TTC-
patient’s myocardium within the acute phase, could not be 
verified with our placebo resp. nocebo interventions, at least 
at the time of our examination, on average, two years after the 
acute phase.
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