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2 Introduction

2. Introduction

2.1 Placebo and Nocebo Effects — Definitions of Terms

Current placebo research combines psychosocial aspects attributable to the ther-
apeutic encounter and findings from neurobiology to demonstrate the interaction
between body and mind (Frisaldi, Piedimonte, & Benedetti, 2015; Kaptchuk &
Miller, 2015). Numerous scientific studies exposed significant placebo and
nocebo effects in very different areas (Benedetti & Amanzio, 2011; Colloca &
Miller, 2011; de la Fuente-Fernandez et al., 2002; Hadamitzky, Sondermann,
Benson, & Schedlowski, 2018). Recent findings suggest that psychosocial factors
(e.g. empathetic care, the patient’s beliefs) and contextual factors (e.g. rituals,
the method of administration) modify the biochemistry and neuronal circuits of the
patient's brain (Benedetti & Amanzio, 2011; Kaptchuk & Miller, 2015). It could be
shown that neuronal pathways activated through placebo and nocebo interven-
tions can be similar to those activated by pharmacologically active drugs (Finniss,
Kaptchuk, Miller, & Benedetti, 2010; Frisaldi et al., 2015; Grinbaum, 1994).

Although the number of publications on mechanisms attributed to placebo effects
has increased rapidly in recent decades, there is no clear agreement on the def-
inition of placebo and nocebo effects. Placebo and nocebo effects are understood
as heterogenous phenomena and especially the definition of placebos as an inert
material substance (e.g. a sugar pill) is increasingly questioned (Grinbaum,
1994; Jitte, 2013).

2.1.1 Placebo and Nocebo Effects in Cardiology

Initially, placebo and nocebo research mainly focused on parameters related to
central nervous processes, especially on pain. Studies investigating placebo an-
algesia found that the reduction of pain is accompanied by a decrease in heart
rate (HR) and heart rate variability (HRV) (Pollo, Vighetti, Rainero, & Benedetti,
2003). Accordingly, the expectancy of pain reduction seems to play a decisive
role for the reduction of sympathetic activation (Aslaksen & Flaten, 2008; Wager
et al., 2004).

Further on, subjective and objective parameters have increasingly been meas-

ured beyond the area of placebo analgesia and the underlying neurobiological
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mechanisms are comprehensively investigated (Colloca, Lopiano, Benedetti, &
Lanotte, 2005; Meissner et al., 2011). As a result, placebo and nocebo effects on
functions related to an innervation of the autonomic nervous system (ANS), in-
cluding cardiovascular functions (e.g. blood pressure (BP) and HR) are mean-

while increasingly examined.

However, Hrébjartsson and Ggtzsche investigated randomized controlled trials
(RCTs) contrasting placebo treatments with no treatment and deduced that pla-
cebo effects, for instance on BP, are insignificant after controlling for factors that
could have influenced the results, such as regression to the mean or habituation
(Hrobjartsson & Gatzsche, 2004). In contrast, there are several studies that
demonstrated significant placebo and nocebo effects on heart and circulation re-

lated parameters; nonetheless they still hold many open questions.

Wilhelm and colleagues analyzed placebo groups within RCTs using beta-
blocker to treat hypertension (Wilhelm, Winkler, Rief, & Doering, 2016). They
found that almost half of the drug effect on diastolic blood pressure (DBP) and
more than a third of the drug effect on systolic blood pressure (SBP) could be

assigned to placebo effects, whereas placebo effects on HR could not be found.

The induction of expectations through verbal suggestions seems to be an im-
portant underlying mechanism. Benedetti and colleagues, among others, were
able to show by means of open-hidden designs that the effect of Atropine and
Beta-blocker on BP can be enhanced by verbal suggestions in the corresponding
direction, compared to the pure pharmacological effect, without verbal explana-
tions. The induced expectation enlarged the effect of the medication under both
conditions (Benedetti et al., 2003).

Similar effects on SBP evoked by verbal suggestions could be shown even with-
out an accompanying substance intake. Solely verbal suggestions in a therapeu-
tic context seem to be sufficient to induce changes in BP. For instance, in an early
study, hypertensive and normotensive subjects were either told their BP would
rise, fall, or remain the same, respectively no information was given. SBP
changes in the announced direction could be demonstrated. DBP and again HR

were not affected in either group (Amigo, Cuesta, Fernandez, & Gonzalez, 1993).
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Moreover, it could be demonstrated that verbal suggestions are able to induce
effects on specific functions. Meissner and Ziep (2011) could show that SBP de-
creased as a response to specific verbal suggestions, while HR, HRV, situational
anxiety and gastric activity remained unaltered. The results indicate that explicit
verbal suggestions, involved in placebo or nocebo interventions, are able to spe-

cifically elicit the addressed changes (Meissner & Ziep, 2011).

However, effects on cardiac functions could not continuously proven to be signif-
icant in studies examining placebo and nocebo interventions. In an additional
study by Zimmermann-Viehoff and colleagues, participants breathed in a placebo
spray accompanied by the suggestion that it contained an effective drug to raise
or lower BP, or that it was a placebo. No evidence was found that the explicit
verbal suggestions throughout the placebo interventions affected BP in healthy
subjects, despite of a successful induction of expectations (Zimmermann-Viehoff
et al., 2013).

Hence, study results focusing on placebo effects on BP and HR are ambivalent,
but several experimental studies indicate that at least on the short term, SBP can
be affected by treatment-related expectations, induced through verbal sugges-

tions.

2.2 Stress-induced Cardiomyopathy

Stress-induced cardiomyopathy, also called Tako-tsubo cardiomyopathy (TTC),
is a very infrequent form of primary heart muscle diseases, mainly affecting post-
menopausal women (Pilgrim & Wyss, 2008; Templin et al., 2015). Symptoms and
signs are rather similar to those of a myocardial infarction (MI) during the acute
phase. However, vessels supplying the heart are usually unaffected, but the con-
traction of the heart muscle presents itself to be impaired (Ghadri, Ruschitzka,
Lischer, & Templin, 2014).

Despite extensive efforts, 30 years after the first description of TTC in Japan,
knowledge of underlying mechanisms is still limited (Ghadri et al., 2014; Sato,
1990). It has been observed that the alterations of the heart muscle are often
preceded by a stressful event. By means of the comprehensive International Ta-
kotsubo Registry, Templin and colleagues could detect that approximately 30%

of TTC patients experienced either an emotional, physical or no trigger previous
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to the ongoing of the disease (Templin et al., 2015). Therefore, an excessive
sympathetic nervous system activation seems to play an important role in the

pathophysiology of TTC.

Interestingly, first studies indicate an increased chance for mental impairments
such as depressive or anxiety symptoms in TTC patients (Delmas et al., 2012;
Mudd, Kapur, Champion, Schulman, & Wittstein, 2007; Summers, Lennon, &
Prasad, 2010). By means of the International Takotsubo Registry the assumption
of an increased prevalence of psychiatric diseases in TTC patients could further
be substantiated (Templin et al., 2015). Nonetheless knowledge on psychosocial
risk factors and comorbidities in TTC patients is still limited in contrast to the field
of cardiovascular diseases (CVD) (Albus, Ladwig, & Herrmann-Lingen, 2014;
Ladwig et al., 2013; Pedersen, Von Kénel, Tully, & Denollet, 2017; von Kénel,
2016)

Since there is a rapid decrease in symptomatology, such as a rapid normalization
of the left ventricular ejection fraction, TTC is usually considered a comparable
harmless and reversible disease (Burgdorf, Kurowski, Bonnemeier, Schunkert, &
Radke, 2008; Sharkey et al., 2010). At the same time, mortality in TTC patients
was described as comparable to that of patients after MI, and a substantially in-
creased death rate was found in TTC patients contrasted to a control group of
the same age and sex (Elesber et al., 2007; Redfors et al., 2015; Valbusa et al.,
2008).

2.3 Psychosocial Risk-factors in Cardiology

The term psychocardiology focusses on psychosocial factors in the development,
course and rehabilitation of cardiological diseases. This approach provides an
alternative, highly diversified perspective and a multifactorial genesis of cardio-
logical diseases. In this connection, particular importance is attached to the role

of psychosocial risk-factors (Ladwig et al., 2013; Pedersen et al., 2017).

Although the results of large-scale studies are still inconclusive, there is robust
evidence that psychosocial factors, especially related to depression, anxiety, an-
ger/hostility, social isolation, chronic or acute stress and loneliness, can be con-

sidered as the most important risk-factors for CVD (Christensen et al., 2020;

11
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Pedersen et al., 2017; von Kénel, 2016). Further, adverse childhood events seem

to be critical for the development of CVDs (Pierce et al., 2020).

These factors are either acting separately or accumulated in clusters and exert
their influence at different stages of life course (Ben-Shlomo & Kuh, 2002). Path-
ophysiological mechanisms underlying the relationship between psychosocial
risk-factors and cardiac events can be divided into direct pathophysiological
mechanisms or pathways such as the ANS, neurocrine activation, inflammatory
processes; or behaviour related mechanisms like a lack of adherence to medica-
tion intake, smoking, physical inactivity or malnutrition (Everson-Rose & Lewis,
2005).

3 Research Questions

Placebo effects have developed from an unintended “by-product” in clinical re-
search to an important, interdisciplinary research subject investigating a broad
variety of medical conditions (Colloca & Miller, 2011; Evers et al., 2018). In addi-
tion, placebo and nocebo effects play a significant role in everyday medical prac-
tice, since the overall effect of each therapeutic intervention is composed of a
specific effect (e.g. due to the chemical composition of a drug) and unspecific
effects, including placebo and nocebo effects. Nocebo effects are often reflected
in negative by-effects, enhanced by a close examination of the corresponding
package insert for example (Enck, Bingel, Schedlowski, & Rief, 2013; Evers et
al., 2018). Simultaneously, placebo and nocebo effects on heart related parame-

ter are still ambivalent, as described above.

The etiology of TTC and the underlying pathophysiological mechanisms still raise
questions. There is also disagreement on how harmful a TCC should be consid-
ered. On the one hand, the disease is considered benign and reversible, for ex-
ample, due to the rapid recovery of the ejection fraction and the initially altered
form of the heart muscle. At the same time, studies show a similar death rate as
patients after M| (Burgdorf et al., 2008; Elesber et al., 2007; Ghadri et al., 2018).
Although initial studies show an accumulation of affective comorbidities, little is
known about the physical and psychosocial long-term consequences of TTC
(Mudd et al., 2007; Summers et al., 2010; Templin et al., 2015).

Against this background, the first study included in this dissertation examined al-

terations of cardiac functions initiated by placebo and nocebo interventions in

12
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participants diagnosed with TTC, in comparison with age and sex matched

healthy controls.

Saline solution was given intravenously (i.v.) three times in a row. The whole
sample was consecutively told to first get an inert substance (neutral/control in-
tervention), secondly a drug that would strengthen heart related functions (pla-
cebo intervention), and finally a drug that would be demanding for the heart

(nocebo intervention).

Increasing effects on SBP could be detected as a reaction to both, the placebo
and nocebo interventions in both groups, whereas DBP remained unaffected. In-
terestingly an anticipatory increase of HR could be seen before the nocebo inter-
vention in both groups. Further the hypothesis that a specific sympathetic dispo-
sition in TTC patients could lead to an intensified response to the described in-

terventions, could not be substantiated by means of our study design.

The aim of the second study was the investigation of physical and psychosocial
long-term consequences in TTC patients compared to sex and age-matched pa-

tients after MIl. Results were further contrasted to results of a norm sample.

Both patient groups were subjected to standardized questionnaires assessing
quality of life, depression and anxiety, chronic stress, social support and resili-
ence. Afterwards, collected parameters were compared between groups and with
results of norm samples. This investigation showed that regardless of the differ-
ent underlying pathophysiology, TTC is similarly associated with a severe, nega-

tive impairment in regard to mental and physical wellbeing as Mls.

13
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4 Zusammenfassung

Die Stressinduzierte Kardiomyopathie, auch Tako-tsubo-Kardiomyopathie (TTC)
genannt, ist eine seltene Form der primaren Herzmuskelerkrankungen, von der
hauptséchlich Frauen in der Postmenophase betroffen sind (Pilgrim & Wyss,
2008; Templin et al., 2015).

Trotz umfangreicher Bemihungen sind, 30 Jahre nach der ersten Beschreibung
der TTC in Japan, Erkenntnisse Uber die zugrundeliegende Pathophysiologie be-
grenzt und die Atiologie der TTC ist noch nicht vollstéandig verstanden (Sato,
1990). Es hat sich gezeigt, dass den Veradnderungen des Herzmuskels oft ein
physisches oder emotionales Stressereignis vorangegangen zu sein scheint
(Templin et al., 2015).

Studienergebnisse zu affektiven Komorbiditaten bei TTC-Patienten sind, im Ge-
gensatz zu psychosozialen Faktoren bei kardiovaskularen Erkrankungen, be-
grenzt (Ladwig et al., 2013; Pedersen et al., 2017; von Kanel, 2016). Interessan-
terweise deuten erste Untersuchungen auf eine erhdhte Pravalenz psychischer
Beeintrachtigungen, wie Depressions- oder Angstsymptome bei TTC-Patienten
hin (Delmas et al., 2013; Elesber et al., 2007; Mudd et al., 2007; Summers et al.,
2010).

Placebo und Noceboeffekte auf eine Vielzahl verschiedener Parameter, insbe-
sondere im Zusammenhang mit Schmerz, sind umfassend untersucht und gut
verstanden (Benedetti, 2014; Colloca et al., 2005). Psychosoziale Faktoren, die
dem Kontext der therapeutischen Interaktion zugeordnet werden, sind in der
Lage neurobiologische Veranderungen hervorzurufen, die den Veranderungen
die bei der Einnahme pharmakologisch wirksamer Medikamente auftreten, sehr
ahnlich sind (Kaptchuk & Miller, 2015; Meissner et al., 2011; Wager et al., 2004).
Studien die Placebo- und Noceboeffekte auf herzbezogene Parameter untersu-

chen zeigen jedoch ambivalente Ergebnisse (Meissner, 2011).

Die vorliegende Dissertation besteht aus zwei Studien. Die erste Studie unter-
sucht Placebo und Nocebo Effekte auf die subjektive Belastung (SUD), objektive
herzbezogene Parameter (Herzrate, systolischer und diastolischer Blutdruck)
und humorale Stressmarker (Copeptin und Cortisol) bei TTC-Patienten (n=20) im

Vergleich zu herzgesunden Kontrollen (n=20). Es wurden drei aufeinanderfol-

14
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gende Interventionen durchgeflihrt, bei denen Kochsalzlésung intravenés verab-
reicht wurde, begleitet von drei verschiedenen Suggestionen. Bei der ersten In-
tervention wurde den Probanden suggeriert, dass es sich bei der verabreichten
Substanz um Kochsalzlésung handelte. Bei der zweiten Intervention, der Pla-
cebo-Intervention, wurde suggeriert, das Herz wirde entlastet, es wirde nun
langsamer schlagen und der Blutdruck wirde sinken. Zuletzt wurde die Nocebo-
Intervention durchgefiihrt, mit der Suggestion, dass aufgrund der verabreichten

Substanz eine Erhéhung der Herzfrequenz und des Blutdrucks erwartet wiirde.

Effekte der Placebo- und Nocebo-Interventionen wurde in beiden Gruppen ge-
zeigt. Bei allen Teilnehmern nahm die subjektive Belastung nach der Nocebo-
Intervention signifikant zu. Dartber hinaus wurde in beiden Gruppen ein Anstieg
der Herzfrequenz vor der Nocebo-Intervention beobachtet. Dies ist vermutlich auf
eine Erwartungsangst hinsichtlich der bevorstehenden negativen Intervention zu-
rickzufihren, da die Reihenfolge der Interventionen bereits zum Zeitpunkt der
Aufklarung bekannt gegeben wurde. Dariber hinaus stieg, als Reaktion auf
beide, die positive und negative Intervention, der systolische Blutdruck in beiden
Gruppen signifikant an. Die Erwartung der negativen Intervention, als letzter Teil
der Untersuchung kénnte erklaren, warum durch die positive verbale Suggestion
keine Entspannungseffekte auftraten. Signifikante Veranderungen des diastoli-
schen Blutdrucks, von Cortisol und Copeptin traten nicht auf. Die beobachteten
signifikanten Effekte der Interventionen auf den systolischen Blutdruck und die
Herzrate, sowie die fehlenden Effekte auf den diastolischen Blutdruck stimmen

mit den oben beschriebenen Studien Uberein.

Entgegen unserer Erwartung, unterschied sich die Reaktion auf die Interventio-
nen nicht zwischen TTC-Patienten und herzgesunden Kontrollen. Die Hypothese,
dass TTC-Patienten sensibler auf die Interventionen reagieren wirden als die
herzgesunde Kontrollgruppe und damit eine Uberdauernde, sympathische Dispo-
sition der TTC-Patienten, konnte durch das beschriebene Studiendesign nicht
bestatigt werden. Dies kdnnte damit zusammenhéangen, dass die Interventionen
entweder ungeeignet oder nicht stark genug gewesen sind. DarUber hinaus
kénnte die medikamentdse Behandlung (z.B. mit Betablockern) einen ddmpfen-
den Effekt auf die Aktivierung des sympathischen Nervensystems gehabt haben
und damit mdgliche Unterschiede zwischen den Patientenkollektiven gehemmt

haben.
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In der zweiten Studie wurden TTC-Patienten (n=68) und MI-Patienten (n=68) un-
tersucht und die Ergebnisse mit den Daten einer Normstichprobe verglichen. Ein
umfangreicher Katalog standardisierter Fragebdgen wurde verwendet, um die
Lebensqualitat (Kansas City Cardiomyopathy Questionnaire (KCCQ), Kurzform-
12, (SF-12)), Depressions- und Angstsymptome (Patients Health Questionnaire
(PHQ-4)), chronischen Stress (Trier Inventory for Chronic Stress (TICS)), soziale
Unterstiitzung (ENRICHD Social Support Instrument (ESSI)) und Resilienz (Resi-

lience Scale (RS-5)) zu erfassen.

Bei keinem dieser Parameter unterschieden sich die beiden Patientengruppen
signifikant voneinander. Beide Patientengruppen wiesen jedoch im Vergleich zur
Normstichprobe eine signifikant schlechtere physische und psychische Lebens-
qualitat (SF-12, KCCQ), héhere Werte auf den Depressions- und Angstskalen
(PHQ-4) und erhdéhten chronischen Stress (TICS) auf. Die Patientengruppen un-
terschieden sich in Bezug auf die soziale Unterstiitzung nicht von der Normstich-
probe, jedoch zeigten sich héhere Resilienzwerte in der untersuchten Stichprobe.
Letzteres kdnnte durch ein so genanntes posttraumatisches Wachstum erklart
werden. Es konnte zudem gezeigt werden, dass das Ausmal} der belastenden
Ereignisse vor dem Ausbruch der Erkrankung in beiden Patientengruppen signi-
fikant mit dem wahrgenommenen chronischen Stress und der psychischen Le-
bensqualitdt zum Zeitpunkt der Datenerhebung (im Durchschnitt etwa 5 Jahre
nach der Akutphase) assoziiert war. Dies legt nahe, dass die Anzahl der belas-
tenden Ereignisse nicht nur einen Risikofaktor fir die Entwicklung der Herzer-
krankungen darstellt, sondern sich auch negativ auf die langfristige Lebensqua-

litat auswirkt.

In jedem Fall weisen die Ergebnisse auf die Notwendigkeit einer langfristigen
kérperlichen als auch psychologischen Versorgung fir beide Patientengruppen
hin, um die Patienten bei der Bewaltigung von chronischem und akutem Stress

ZUu unterstitzen.
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Stress-induced cardiomyopathy, also called Tako-tsubo cardiomyopathy (TTC),
is an infrequent form of primary heart muscle diseases, mainly affecting postmen-
opausal women (Pilgrim & Wyss, 2008; Templin et al., 2015). Despite extensive
efforts, 30 years after the first description of TTC in Japan, knowledge of under-
lying mechanisms is still limited and the etiology of TTC is not yet completely
understood (Sato, 1990). It has been observed that the alterations of the heart
muscle, that characterize the disease, are often preceded by a physical or emo-

tional stress event (Templin et al., 2015).

Knowledge on psychosocial comorbidities in TTC patients is still limited, in con-
trast to psychosocial factors in the field of CVD (Ladwig et al., 2013; Pedersen et
al., 2017; von Kénel, 2016). Interestingly first studies indicate an increased likeli-
hood for mental impairments, such as depressive or anxiety symptoms in TTC
patients (Delmas et al., 2013; Elesber et al., 2007; Mudd et al., 2007; Summers
et al., 2010).

Placebo and nocebo effects on a variety of conditions, especially related to pain
have been extensively studied and are well understood (Benedetti, 2014; Colloca
et al., 2005). Psychosocial factors that can be allocated to the context of the ther-
apeutic interaction, are able to induce neurobiological changes, that are very sim-
ilar to changes that occur when taking pharmacologically active drugs (Kaptchuk
& Miller, 2015; Meissner et al., 2011; Wager et al., 2004). However, studies that
investigated placebo and nocebo effects on heart related parameter show ambiv-

alent results (Meissner, 2014).

The present dissertation consists of two studies. The first study investigated pla-
cebo and nocebo effects on subjective units of distress (SUD), objective cardiac
parameters (HR, SBP, DBP), and humoral stress markers (copeptin and cortisol)
in TTC patients (n=20) compared to heart-healthy controls (n=20). Three consec-
utive interventions were performed in which saline solution was administered
(i.v.), accompanied by three different suggestions. During the first intervention,
subjects were informed that the administered substance was saline solution and
that this was used as a control intervention. Within the second intervention, the
placebo intervention, it was suggested that the heart would be relieved, it could

beat more slowly and BP would decrease. Finally, the nocebo intervention was
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carried out, suggesting that an increase of HR and BP would be expected, due

to the administered substance.

Effects of the placebo and nocebo interventions could be demonstrated in both
groups. In all participants subjective distress increased significantly after the
nocebo intervention. In addition, an increase in HR was observed before the
nocebo intervention in both groups. This was presumably due to an anticipatory
anxiety regarding the upcoming "stressful" intervention, since the order of the in-
terventions was already revealed at the time of the clarification. Additionally, as
a reaction to both, the positive and negative intervention SBP raised significantly
in both groups. Expecting the negative intervention, as the final part of the inves-
tigation, could be an explanation that no relaxation effects occurred after the pos-
itive verbal suggestion. DBP, cortisol and copeptin did not change significantly.
The observed significant effects of the interventions on SBP and HR, as well as

the lacking effects on DBP are consistent with previous studies described above.

In contrast to our expectations, responses to the interventions did not differ be-
tween TTC patients and heart-healthy controls. The hypothesis that TTC patients
would react more sensitively to the interventions than the heart-healthy control
group and consequently a lasting sympathetic disposition of TTC patients could
not be confirmed by the described study design. This could be related to the in-
terventions being either inappropriate or not sufficiently strong. In addition, med-
ication use (e.g. beta-blocker) may have had a diminishing effect on the activation
of the sympathetic nervous system and thus might have inhibited differences be-

tween patient collectives.

The second study examined TTC patients (n=68) and MI patients (n=68),
matched for age and sex, and compared the results with data of a norm sample.
An extensive catalog of standardized questionnaires was used to assess quality
of life (Kansas City Cardiomyopathy Questionnaire (KCCQ), Short Form-12, (SF-
12)), depression and anxiety symptoms (Patients Health Questionnaire (PHQ-4),
chronic stress (Trier Inventory for Chronic Stress (TICS)), social support (EN-

RICHD Social Support Instrument (ESSI)), and resilience (Resilience Scale (RS-
5)).
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In none of these parameters the two patient groups differed significantly from
each other. However, both groups of patients showed a significantly worse phys-
ical and mental quality of life (SF-12, KCCQ), higher rates of depression and anx-
iety symptoms (PHQ-4) and increased chronic stress (TICS) compared to the
norm sample. The patient groups did not differ from the norm sample in terms of
social support, but higher resilience rates were shown. The latter could be ex-

plained by a so-called post-traumatic growth.

It could be shown that the amount of stressful events before the onset of the
disease was significantly associated with the perceived chronic stress and the
mental quality of life at the time of data collection (on average about 5 years after
the acute phase) in both patient groups. This proposes that the number of stress-
ful events is not only a risk factor for the development of the heart disease, but
has an impact on the long-term quality of life. In any case, the results indicate
long-term physical and psychological care, for both groups of patients to support

them in coping with chronic and acute stress.
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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
(ug/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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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

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 Parkinsons
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 Parkinsons 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.
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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.

TABLE 1 | Baseline characteristics.

Characteristic TTC Controls P

.941
43t

Age (years), Mean (SD)

Time point of examination (n)
09:00 am 5
11:00 am 11
01:00 pm 4

Living in a relationship (n) 18 16

Number of children, Median (IQR) 2(1-2) 1.5(1-2)

Living condition (n)

Alone 5 7
With partner and/or children
With children

Employment situation (n)

Fulltime

Part time > 50%
Part time < 50%
Unemployed
Retired

Full time household

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

Mental health component
summary score (MCS)

Time since diagnosis (months), Mean

(SD)

61.65(14.1)  61.35(11.67)

8
7
5
6411
.94t

731
511
481
6411

~
~

N ow = OoONO
N NO = 0o

55.8 (19.8) 50.3 (19.2) 43t

56.2 (20.2) 51.3 (19.3) 45t

24.61 (22.8)

Values are mean + SD or n (%). tMann-Whitney-U test, 1'Chi-square-Test.

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 (pg/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 (ug/dl) and copeptin (pmol/l)] (see Figure 1).
At the beginning of the experiment (M,), 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 (I,). 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 (M,).
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
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results
FIGURE 1 | Procedure. M, Measurement; |, Intervention; HR, heart rate; RR, blood pressure.

patients were asked to rate perceived stress levels (SUD) (M,).
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” (I,). 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 (M,). Again after a
pre-intervention period of approximately 5 min, stress ratings
(SUD) were assessed again (M;). 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 (My). 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 frombefore toafter 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 =.1and 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” (T'TC, controls)
was used to examine SBP levels. A significant interaction between
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Bonferroni-corrected p< .001

controls

- —_— TIC

bars = standard error

Subjective Units of Disstress(SUD)

post neutral intervention post positive intervention post negative intervention
pre neutral intervention pre positive intervention pre negative intervention

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

“time” and “condition” was found (F, ¢ = 14.09; p < .001). Post
TABLE 2 | Subjective Units of Distress (SUD), systolic blood pressure (mmHg). hoc tests showed higher SBP levels in response to the negative
Time point e Controls 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

Subjective Units of Distress (SUD) Mean SD Mean SD

Pre neutral suggestion 15 49 .05 .22 « P _ _ .
Post neutral suggestion 4 a8 p o for “condition” (F,, = 3.2, p = .04.7)..B0nferr(.)n1 corrected post
Pre positive suggestion 4 88 q 45 hoc tests, however, revealed no significant difference between
Post positive suggestion .35 81 A 45 conditions. No other main or interaction effects were significant
Pre negative suggestion 15 49 .0 .0 (Figure 3 and Table 2).
Post negative suggestion 1.4 11 1.6 11

Systolic blood pressure (mmHg)
Pre neutral suggestion 120.37 10.86  127.01 18.42 Diastolic Blood Pressure (DBP)
Post neutral suggestion 118.62 8.61 1238.11 19.01 . . . cels .
Pre positive suggestion 19045 174 13063 2647 The m1xiq-deflgn ANOVA for DBP levels Wlth the mt?m-su.b.)ecﬁ
Post positive suggestion 10487 138 13153 56.53 factors “time” (pre andf post intervention) and “condition
Pre negative suggestion 12772 13.93 12513  20.42 (neutral, positive, and negative) and the between-subject factor
Post negative suggestion 13482 2236 1291 21.08 “group” (TTC and controls) revealed no significant main or
_Pre n_eutral suggestion 120.37 10.86 127.01 18.42 interaction effects (Figure 4 and Table 2).

Diastolic blood pressure (mmHg)
Pre neutral suggestion 57.17 13.71 61.6 11
Post neutral suggestion 58.0 11.83 59.16 1.1
Pre positive suggestion 53.68 8.6 60.04 13.45 Heart Rate (HR) . L . «.
Post positive suggestion 55.62 709 59.67  13.41 The mixed-design ANOVA with the within-subject factors “time
Pre negative suggestion 57.91 1041 5956  13.21 (pre and post intervention) and “condition” (neutral, positive,
Post negative suggestion 59.1 10.69 6139  13.28 and negative) and the between-subject factor “group” (TTC and

Heart rate (bpm) controls) for HR levels revealed a significant interaction effect

Pre neutral suggestion 54.38 5.46 55.34 7.44 e » « S _ o .
Post neutral suggestion 5574 561 5695 776 between “time” and COIldlthIl. (.F(z,ns) = 5.5 p = .01). Slmple
Pre positive suggestion 5792 905 5617 832 effects analyses showed that this interaction was due to higher
Post positive suggestion 58.69 8.47 57.57 8.63 HR levels before the negative verbal suggestion compared to
Pre negative suggestion 5821 920 5769 873 before the positive verbal suggestion, indicating an anticipatory
Post negative suggestion 5853 886 5763 848 increase of HR (Bonferroni-corrected p = .02). Furthermore, a
Cortisol (ug/dl) ionifi i eff f “condition” found (F — 511
Pre neutral suggestion 13.23 5.46 14.05 7.44 signi Cant’mal}l eftect o COIl’ ition” was foun ( 278) — 5.11,
Post neutral suggestion 12.87 5.61 1354 7.76 p = .01), with higher HR levels in the nocebo condition compared
Post positive suggestion 12.37 8.47 13.08 8.63 to the neutral condition (Bonferroni-corrected p = .037). Finally,
Post negative suggestion 1199 886 1281 848 the main effect of “time” was significant (F,, 5, = 46.8, p <.001),
Copeptin (pmol/l) . . . ’
Pre neutral suggestion 5438 2082 5584 2073 Wh1ch was due tf) increasing HR levels from before to after the
Post neutral suggestion 55.74  20.83 5695  20.65 intervention (estimated means + SE, before: 56.5 + 1.2 and after:
Post positive suggestion 58.69  20.92 5757  20.66 57.4 = 1.2). No other main or interaction effects were significant
Post negative suggestion 58.53 20.80 57.63 20.75 (Figures 5, 6 and Table 2).
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FIGURE 3 | Changes in systolic blood pressure in response to the neutral, positive, and negative placebo interventions.
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TTC

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 (x? = 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).

Frontiers in Psychiatry | www.frontiersin.org

26

August 2019 | Volume 10 | Article 549



Olliges et al.

Placebo and Nocebo Effects in Patients with TTC

p=.52

| p=.31

I p=.79

555 p=.81 p=.02

2,00

1,00

Heart Rate (bpm)

00

|p= 25

n B

Mean difference between pre and post neutral
intervention

Mean difference between pre and post positive
intervention

Mean difference between pre and post negative
intervention

p=.32

bars =standard error

Controls
Groups

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

TTC

62,00

60,00

Bonferroni-corrected p=.02

controls
—_— TTC

bars = standard error

58,00

56,00

Heart Rate (bpm)

54,00

52,00

pre neutral intervention

pre positive intervention

FIGURE 6 | Heart rate (opm) during the anticipation phases (pre values) of the three interventions.

pre negative intervention

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
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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
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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 P-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
B-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., P-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 asaresponse to both positiveand
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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remain controversial and an underestimation of their severity becomes ~ Accepted 25 December 2019
increasingly evident. Even less is known about mental long-term KEYWORDS

impacts of TTC. This study aims at a better understanding of the Takotsubo cardiomyopathy;

physical and mental long-term effects of TTC in comparison to myo- myocardial infarction;
cardial infarctions (Ml). disease outcome; anxiety;

On average 5 years after disease onset, 68 TTC patients and 68 depression; stress; quality of
age- and sex-matched Ml patients were assessed for disease-related life; resilience; coping

quality of life, depression, anxiety, chronic stress, social support, strategies
resilience, and life events prior to disease onset. Scores of TTC and

MI patients were compared to each other and to normative refer-

ences values. Regression analyses were used to evaluate the pre-

dictive value of the number of life events prior to disease onset for

physical and mental long-term outcomes.

Both groups displayed higher scores in depression and anxiety,
higher levels of chronic stress, and lower scores in physical and
mental quality of life in comparison to norm samples, while social
support did not differ from norms. No differences between the two
patient groups were observed. Within both groups, the majority of
patients (TTC: 69.1%; MI: 60.3%) reported stressful life events prior
to disease onset. In TTCs and Mls, the number of events had
a significant impact on long-term mental health and chronic stress.
Notably, both patient collectives scored higher in resilience than
healthy controls.

Results suggest negative long-term impacts of TTC on mental
and physical wellbeing, comparable to those of MI. Besides a good
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somatic-medical care, psychotherapeutic support, including the
development of functional coping strategies, might be warranted
for TTC patients. The long-term impact of TTC should be taken as
serious as that of MI.

Introduction

The Takotsubo Cardiomyopathy (TTC; also termed ‘Stress-induced cardiomyopathy’,
‘Broken- Heart Syndrome’) is considered as rare, reversible, and acquired form of primary
myocardial disorders. After its first description in Japan in 1990, TTC became increasingly
acknowledged and gained worldwide recognition (Kurisu et al., 2002; Kurowski et al., 2007;
Parodi et al., 2007; Sato, 1990). TTC is characterized by an acute functional disturbance in
the contraction of the myocardium, primarily affecting mid and apical areas of the left
ventricle. The modified shape of the left ventricle at the end of the systole (visualized by
means of angiographic examinations) evokes the form of a Japanese octopus trap, termed
‘Tako-Tsubo’. Data on the prevalence of TTC vary (Deshmukh et al., 2012; Maron et al.,
2006). Approximately 0.07-3% of patients with suspected Acute Coronary Syndrome
(ACS), are diagnosed with TTC after cardiac catheter examination. Nearly 90% of all
TTC patients are postmenopausal women. Hormones (e.g. estrogen) seem to function as
protection factors, but currently, it is unclear, why women are more prone to develop TTC
(Grodstein and Stampfer, 1995). The clinical presentation of TTC and MI is often similar.
Both patient groups are mostly reporting sudden chest pain and pronounced dyspnea,
accompanied by electrocardiogram alterations, and an increase in cardiac biomarkers.
Hence, TTC can only be distinguished from MI via heart catheter examination (Ghadri,
Wittstein, et al., 2018; Klinceva et al., 2007; Kurowski et al., 2007; El Mahmoud et al., 2015;
Parodi et al., 2007; Schofer et al., 2014; Wedekind, Moller, & Scholz, 2006). Coronary
arteries are mostly unaffected in TTC patients. However, coronary artery disease (CAD)
can simultaneously exist (Haghi et al., 2010; Templin et al., 2015).

From a psychophysiological perspective, an excessive activation of the sympathetic
nervous system is discussed to be a major factor for the development of TTC and several
studies suggest that elevated catecholamine concentrations function as mediating mechan-
ism (Borchert et al., 2017; Wittstein, 2016; Frustaci et al., 1991, Khullar et al., 1989)..
Nonetheless, the etiology of TTC remains unclear. Acute emotionally or physical stressful
events prior to the onset of the disease could be identified in approximately 70% of TTC
patients, whereas research on chronic stress in TTC remains limited (Delmas et al., 2013;
Summers, Lennon, & Prasad, 2010; Templin et al., 2015).

Based on the observation of a rapid normalization of the systolic left-ventricular
ejection fraction (LVEF) and regional wall motion after the acute phase, TTC is usually
considered a benign, reversible disorder (Elesber et al., 2007; Pilgrim & Wyss, 2008;
Schneider et al., 2010). However, data on long-term follow-ups are sparse and ambivalent
(Khalighi, Farooq, Aung, & Oo, 2015). Whilst survival rates have been found not to differ
from those of an age- and sex-matched population (Elesber et al., 2007; Ghadri, Kato
et al., 2018, Ghadri, Wittstein et al., 2018; Valbusa et al., 2008), several studies described
similar early and late mortality in TTC patients compared to patients after MI and
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a significantly higher mortality rate in comparison with a control group of the same age
and sex (Ghadri, Kato et al., 2018; Redfors et al., 2015; Sobue et al., 2017; Templin et al.,
2015). Apart from cardiovascular events, this appears to be due to an increased pre-
valence of non-cardiac comorbidities, especially cancer (Burgdorf, Kurowski,
Bonnemeier, Schunkert, & Radke, 2008; Burgdorf, Nef, Haghi, Kurowski, & Radke,
2010; Sharkey et al., 2010; Singh et al., 2014). Furthermore, recent studies indicate that
TTC may have long-lasting negative cardiac consequences in terms of persistent heart
failure symptoms, worse than previously reported (Ionescu, Aguilar-Lopez, Sakr,
Ghantous, & Donohue, 2010; Scally et al., 2018).

First studies examined the question of whether the type of trigger (e.g. emotional or
physical) is associated with short term disease outcome. Again, results represent a high
variability. Higher age and the occurrence of emotional (e.g. workplace problems or loss of
a relative) seem to predict more favorable outcomes, instead of physical events (e.g. infections
or surgeries) (Templin et al., 2015). Further, sex appears to play a crucial role; negative end-
points, such as in-hospital death occurred more often among men (Sobue et al., 2017; Templin
et al, 2015). Compare et al., however, reported that type of trigger made no differences in
quality of life (QoL) and emotional burden one year after disease onset (Compare et al., 2014).

Contrary to the field of cardiovascular disease (CVD), research on risk and protection
factors as well comorbidities in TTC patients is less advanced (Freedland, 2017; Freedland
etal., 2003; Ladwig et al., 2017, 2013). Psychosocial risk factors, for instance stressful life events
(e.g. loss of a relative or financial stress) and especially chronic stress, as well as anxiety and
depression are highly associated with an increased risk for the development of CVD and an
unfavorable disease progression (Dimsdale, 2008; Miller et al., 2002; Mostofsky et al., 2012;
Penninx, 2017; Rosengren et al., 2004). Simultaneously, social support and resilience, as the
individual’s salutogenic ability to functionally respond to, and integrate specific negative
conditions or life crises, have emerged to serve as protection factors (Barth, Schneider, &
Von Kénel, 2010). First studies also indicate higher levels of depressive and anxiety symptoms
as well as increased distress in patients with a history of TTC (Compare et al., 2014; Mudd,
Kapur, Champion, Schulman, & Wittstein, 2007; Nguyen et al., 2009; Salmoirago-Blotcher
et al., 2016; Smeijers, Szabo, & Kop, 2016; Smeijers et al., 2015; Summers et al., 2010). Finally,
an extensive cardiologic cohort study with 1750 TTC patients (89.9% female) showed that
patients with TTC present a higher prevalence of former or chronic neurologic or psychiatric
disorders (Templin et al., 2015). However, long-term effects of TTC on mental well-being and
QoL have not yet been examined.

Against this ambiguous background, this study aimed at a better understanding
of the long-term impacts of TTC on patients’s mental and physical QoL in
comparison to patients with a history of MI as well as to normal reference values.
In a cross-sectional approach, 68 patients with a history of TTC and MI, respec-
tively, filled in a comprehensive catalogue of standardized questionnaires capturing
concurrent QoL, depression, anxiety, chronic stress, social support and resilience
scores. Due to more recent randomized-controlled trials, arguing an underestima-
tion of the severity of TTC, we hypothesized that psychosocial and physical long-
term outcomes in patients with a history of TTC are at least similar to those of
MI, we also examined the predictive value of the amount of stress events prior to
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disease onset for long-term outcomes in psychosocial and physical variables
(Ionescu et al., 2010; Scally et al., 2018).

Methods

Within this multi-centered, case-control study biographical, psychosocial and physical
characteristics of TTC and MI patients were examined by means of a postal survey. Data
from these questionnaires was complemented with cardiac markers and disease classifi-
cations at disease onset (LVEF, creatine kinase (muscle/brain) (CK, CK-MB), New York
Heart Association Functional Classification (NYHA)), which were collected from the
local databases. The study protocol followed the principles of GCP/Helsinki and was
approved by the corresponding institutional review boards (Technische Universitaet,
Munich, Universitaet zu Luebeck).

Sample

The total sample of 136 patients comprised 68 patients diagnosed with TTC and 68
post MI patients who received diagnostics and treatment in the cardiological
departments Deutsches Herzzentrum and Klinikum Rechts der Isar, Technische
Universitaet, Munich, as well as Segeberger Kliniken and Medizinische Klink II,
Universitaetsklinikum Schleswig-Holstein, Campus Luebeck (see Table 1). TTC and
MI patients were matched according to age and sex.

Table 1. Sample characteristics.

TTIC(n=68) MI (n=68) p

Center 21t
Deutsches Herzzentrum, Technische Universitaet, Munich, n 21 22
Klinikum rechts der Isar, Technische Universitaet, Munich, n 9 12
Bad Segeberger Kliniken, n 10 16
Medizinische Klinik Il, Universitaetsklinkum Schleswig-Holstein, Campus 28 18
Luebeck, n
Age, Mean (SD), years 683(11.8)  69.2(10.6)  .65%
Sex, n (male/female) 4/64 4/64
Number of children, Median (IQR) 2(1) 2(2) 79 tt

Current living situation
(multiple answers possible)

Living alone, n 22 23 86ttt
With a partner, n 42 41 86ttt
With children, n 15 12 .68 t1t
In a shared apartment, n 1 0 31t
With parents/parents in law 1 0 1.0t1t
Current working situation

full-time, n 6 5

part-time, n 3 6

unemployed, n 2 2

incapacitated for work, n 1 3

within the own household, n 15 7

retired, 30 29

others, n 5 2 631t
Time span since diagnosis Mean (SD), months 58.32 (27.37) 49.92 (28,99) .07ttt

Note: Due to their epidemiological characteristics, the average age of the total sample was relatively high (M = 68.7 years).
As to be expected, the female sex prevails (94%).
t T-Test tt Chi-square-Test t11 Mann-Whitney-Test
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Inclusion criteria

TTC patients were considered for participation if they fulfilled the Mayo Clinic’s diag-
nostic criteria for stress-induced cardiomyopathy, as follows: (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 inver-
sion) or modest elevation in cardiac troponin. (4) Absence of a pheochromocytoma or
myocarditis (Madhavan & Prasad, 2010).

In conformity with the American Heart Association, the inclusion criteria for MI
patients were as follows: (1) Symptoms of myocardial ischemia (2) new ischemic ECG
changes, (3) development of pathological Q waves (4) imaging evidence of new loss of
viable myocardium or new regional wall motion abnormality in a pattern consistent with
an ischemic etiology (5) identification of a coronary thrombus by angiography or autopsy
(Schofer et al., 2014; Thygesen et al., 2018).

Procedure

Patients with a history of TTC or MI, who met all inclusion criteria and none of the
exclusion criteria, were identified within local databases through the local study person-
nel. Both patient groups were matched according to age and sex. All data was de-
identified with codes only available to the study coordinator. Potentially eligible patients
were called, informed about the purpose of the study, and asked for permission to send
the survey battery, containing 10 standardized, validated questionnaires (only 6 reported
here; for other questionnaires, see Goetzmann et al., submitted). Non-responders were
called again and reminded to complete the questionnaire after 4 weeks.

Measures

Disease-related QoL was assessed by using the short form (SF-12) questionnaire and the
Kansas City Cardiomyopathy Questionnaire (KCCQ). The SF-12 is a validated and inter-
nationally established questionnaire, examining physical and mental related QoL (PCS/
MCS) during the preceding 4 weeks, while KCCQ serves as a self-assessment tool to
measure heart-failure-specific QoL. It consists of 23 items, rating six domains (e.g. physical
restrictions, symptom frequency, social restrictions, self-efficacy, or QoL). These domains
are summarized into the subscales functional status and clinical summary. Both tools fulfil
the criteria for test quality with an internal consistency of Cronbachs a = .8 for SF-12,
respectively Cronbachs a = .93 for KCCQ (Bullinger, 2000; Faller et al., 2005; Green, Porter,
Bresnahan, & Spertus, 2000; Lim & Fisher, 1999; Miiller-Nordhorn, Roll, & Willich, 2004;
Resnick & Parker, 2001; Ware, Kosinski, & Keller, 1996). Presence of depression and/or
anxiety was assessed by means of the Patients Health Questionnaire (PHQ-4). The ultra-
brief, but reliable and valid version of the PHQ-4, that examines depression and anxiety
with four items in accordance with the Diagnostic and Statistical Manual of Mental
Disorders (Khubchandani, Brey, Kotecki, Kleinfelder, & Anderson, 2016; Kroenke,
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Spitzer, Williams, & Lowe, 2009; Michal et al., 2015; Vahia, 2013). Stress within the
previous three months was evaluated by using the ‘Screening Scale for Unspecific
Chronic Stress’ (SSCS) as obtained from the “Trier Inventory for Chronic Stress’ (TICS).
It’s internal consistency (Cronbachs a of .91) and reliability (.84 — .91) is considered very
good (Petrowski, Paul, Albani, & Bréhler, 2012; Schulz & Schlotz, 1999). The ‘Resilience
Scale’ (RS-5) was used as a validated tool to measure resilience, as the individual’s
salutogenic ability, with 5 items. ‘RS-5" was psychometrically reviewed with an internal
consistency of Cronbachs a = .80 (Schmalbach et al.,, 2016; Wagnild & Young, 1993).
Finally, the ENRICHD Social Support Instrument (ESSI) served as a validated tool to
quantify social support (Cordes, Herrmann-Lingen, Biichner, & Hessel, 2009; Kendel et al.,
2011; Roest et al., 2013).

Furthermore, the following socio-demographic characteristics were also collected:
number of children, housing situation, and current working situation (see Table 1).

Statistical analysis

All statistical analyses were performed by means of IBM SPSS Statistics 25, with a p-value
< 0.05 indicating statistical significance. To investigate possible differences between
TTCs, MIs and norms, Bonferroni-corrected independent samples T-Tests were per-
formed for normally distributed, continuous variables; Mann-Whitney-U Tests for non-
normally distributed, continuous variables, and Chi-square tests for categorical variables.
Separate linear regression analyses were performed to investigate whether the variance in
psychosocial variables (i.e. disease related QoL, depression and anxiety, chronic stress,
social support and resilience) at survey time could be explained by the number of life
events before disease onset (see Table 3).

Results
Sample characteristics

Both patient collectives were comparable in regard to age, sex, (male = 8) and further
socio- demographic characteristics (see Table 1). Mean time span since diagnosis was
58.32 months, SD =27.37 in TTCs and 49.92 months, SD = 28.99 in MIs (p =.07). Within
both groups more than half of the patients reported a stressful life event prior to their
disease (TTC: 69.1%; MI: 60.3%) (see Table 1).

As indicated in Table 2, post TTC and MI patients scored lower than norms in both the
mental and physical SF-12 subscales (p’s< 0.05), while no significant differences between
the two patient groups emerged (Niibling, Andersen, & Miihlbacher, 2006). Similarly,
heart-failure-specific QoL (KCCQ) was significantly lower in TTC patients and post MI
patients as compared to norms (p’s< 0.05) (Faller et al., 2005). Again, there was no
difference between the two patient groups detected. Furthermore, anxiety and depression
scores (PHQ-4) were significantly higher in both patient collectives than in norm samples
(p’s< 0.05) (Lowe et al., 2010). Again, no differences could be observed between the two
patient collectives. In addition, patients with a history of TTC or MI did not differ with
regard to chronic stress (SSCS - TICS) but reported significantly higher chronic stress
scores than the norm sample (p’s< 0.05) (Schulz & Schlotz, 1999). Interestingly, resilience
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Table 2. Comparison between TTC, MI, and norm values.

TTC vs. TTC vs. M
TTC Mi Mi Norm Norm vs. Norm

M SD M SD p* M SD p* p*
SF-12
SF-12-PCS 47.23 11.91 46.81 11.58 .99 50 10 < .05 < .05
SF-12-MCS 41.55 17.21 43.47 16.2 75 50 10 < .05 < .05
KCCQ
‘functional status score’ 45.1 9.5 4517 9.87 33 87 12 < .05 < .05
‘clinical summary score’ 6856 1197  67.59 9.43 A7 80 15 <.05 <.05
PHQ-4
‘anxiety’ 1.94 1.6 1.56 1.6 .06 11 .94 1.52
‘depression’ 1.77 1.52 13 1.39 .09 tt .82 1.1
PHQ-4 sum 3.71 2.94 2.85 2.79 0.1 1.76 2.06 < .05 < .05
RS-5 28.63 542 29.8 5.61 13 27.20 52 < .05 < .05
TICS-SSCS 57.5 16.53 53.14 15.34 11 50 10 < .05 <.05
ESSI 21.51 3.28 21.02 430 9 20.47 4.05 1.0 1.0

Note: Norm values have been withdrawn from standardized validation studies; since the PHQ-4 sub scores are not
normally distributed, a statistical comparison to the norm sample was not indicated.

Abbreviations: SF-12, Short Form-12; SF-12-PCS, Short Form-12 Physical Component Score, SF-12-MCS, Short Form-12
Mental Component Score, KCCQ, Kansas City Cardiomyopathy Questionnaire; PHQ-4, Patient Health Questionnaire; RS-
5, Resilience Scale-5; TICS-SSCS, Trier Inventory for Chronic Stress-Screening Scale for Unspecific Chronic Stress; ESSI,
ENRICHD Social Support Instrument.

* Bonferroni-corrected t-Test

11 Mann-Whitney-Test

values (RS-5), were significantly higher in TTC and MI patients as compared to normative
values (p’s< 0.05), while again, resilience scores did not differ between the two patient
groups (Schmalbach et al., 2016). Regarding social support (ESSI), no significant

Table 3. Physical parameter during acute phase and reported life events prior to the onset of the disease.

TTC MI
n (%) n (%) p-value
Physical parameters during acute phase
Chest pain (%) 66.1 93.75 .00 t1
NYHA Stage (%) 161t
| 45.6 50.00
Il 15.8 174
11} 15.8 17.4
v 15.8 13.00
LVEF (%) 1.61t
< 30% 6.8 8
30-50% 83.1 50
> 50% 11.67 42.0
CK (U/1) Mean (SD) 288.42 (442.46) 667.1 (911,06) .00ttt
CK-MB (U/l) Mean (SD) 47.65 (50.03) 94.34 (94.5) .00ttt
Life events prior to the onset of the disease
Recall of life event, n (%) 47 (69.1%) 41 (60%) 25t
Amount of life events Median (IQR) 1(1.25) 1(2) 441t
Occupational stress 15 (22.1%) 18 (26.5%) 731t
Conflicts at work 4 (5.9%) 5 (7.4%) 351
Stress within the family 19 (27.9%) 23 (33.8%) 661t
Conflicts within the family 16 (23.5%) 9 (13.2%) 021t
Strong, positive experiences 2 (2.9%) 5 (7.4%) 681t
Strong, annoying experiences 11 (16.2%) 18 (26.5%) 761t
Strong, joyful experiences 3 (4.4%) 8 (11.8%) 681t
Cases of death within the immediate surroundings 9 (12.9%) 10 (14.3%) 931t
Further life events 17 (24.3%) 12 (17.1%) 9tt

Abbreviations: NYHA, New York Heart Association; LVEF, left-ventricular ejection fraction; CK, creatine kinase; CK-MB,
creatine kinase-muscle/brain.

T T-Test

tt Chi-square-Test t11 Mann-Whitney-Test
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Table 4. Linear regression analysis for the predictor ‘number of life events'.

b SE B p-value

Criterion variable TTC M TTC Mi TTC MI TTC M
SF-12
SF-12-PCS .00 .05 1.2 1.1 .06 -22 .67 13
SF-12-MCS .09 12 1.43 .99 -3 -.35 .03 .01
KCCQ

‘functional status score’ .00 .01 1.38 1.1 -.02 -1 .89 45

‘clinical summary score’ 0 .05 2.29 1.51 .02 =21 .89 a3
PHQ-4 sum score .03 11 3 24 7 33 .19 .01
RS-5 .02 .02 54 5 -.14 =13 .26 31
TICS-SSCS .20 .08 .96 .84 45 .29 .00 .02
ESSI .09 .02 32 .38 -3 -.14 .02 27

Abbreviations: SE, Standard Error; SF-12, Short Form-12; SF-12-PCS, Short Form-12 Physical Component Score, SF-12-MCS,
Short Form-12 Mental Component Score, KCCQ, Kansas City Cardiomyopathy Questionnaire; PHQ-4, Patient Health
Questionnaire-4; RS-5, Resilience Scale-5; TICS-SSCS, Trier Inventory for Chronic Stress-Screening Scale for Unspecific
Chronic Stress; ESSI, ENRICHD Social Support Instrument

differences were observed, neither between patient groups nor between patients and norms
(Cordes et al., 2009).

A majority of patients recalled the occurrence of life events prior to disease onset
(TTC: 69.1%, MI: 60%). Both positive and negative events were reported, mainly refer-
ring to the areas family and occupation. Significant differences between TTCs and MIs
could only be found for one response option (p = .02); TTCs reported almost twice as
often ‘conflicts within the family’ prior to disease admission (Table 3).

Explorative linear regression analyses were performed to investigate whether the
number of life events prior to disease onset has an influence on the collected psycho-
social variables. In TTCs and MIs the number of life events significantly predicted SF-
12-MCS and TICS-SSCS scores. Additionally, the number of life events significantly
predicted ESSI scores in TTCs and PHQ-4 sum scores in MIs, respectively (see
Table 4).

Discussion

This study aimed at a better understanding in psychosocial and physical long-term
outcome of TTC patients in comparison to MI patients. Furthermore, both patient
groups were compared to those of normative reference values. Within both patient
groups, the history of a heart disease, be it TTC or MI, was associated with decreased
physical (SF-12-PCS, KCCQ) and mental (SF-12-MCS, TICS-SSCS) QoL, as compared to
norm samples. KCCQ summary scores of both patient groups were equivalent to those of
MI patients with a LVEF lower than 40%, which implies a considerable restriction of the
cardiac function (Pettersen, Kvan, Rollag, Stavem, & Reikvam, 2008). Also, the anxiety
and depression sum score (PHQ-4) was significantly increased in both patient groups as
compared to normative values, indicating mild symptoms (Kroenke et al., 2009).
Therefore, our findings support the results of recent studies suggesting that patients
with a history of TTC and MI are, faced with severe negative long-term mental and
physical effects (Compare et al., 2014; Scally et al., 2018; Templin et al., 2015).

A bi-directional association between depressive symptoms and CAD is well estab-
lished and first studies indicate a related link for TTCs. Further studies reported that the
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relationship between depression and MIs might be even stronger in female patients than
it is for males (Doyle et al., 2015; Naqvi, Naqvi, & Merz, 2005). A similar association
could also be conceivable for TTC patients. Considering the sex distribution within the
present sample, this would give a hint to the decreased mental QoL in MIs as well as in
TTCs, compared to norm samples. Notably, not only the majority of TTC patients
(69.1%), but also 60% of MI patients were recalled stressful life events prior to disease
onset. Additionally, to acute stressors prior to disease onset, also higher levels of chronic
stress (TICS-SSCS) could be detected in patients with TTC as well as in post MI patients,
compared to norm samples. Chronic stress includes the perception, appraisal, and
response to repetitive, emotionally or physiologically challenging events or stimuli
(Lazarus, 2006; McEwen, 2007). Gender differences in coping strategies (e.g. problem
or emotion focused) for repetitive challenges have been described, with women being
more likely to use emotional coping strategies and beyond that, tend to appraise stressors
as more severe as men (Diehl, Coyle, & Labouvie-Vief, 1996; Sieverding, Kendel, &
Bohmer, 2004; Tamres, Janicki, & Helgeson, 2002). This gains importance, because 96%
of our sample were female patients and interestingly, only the stressor ‘conflicts within
the family’ was reported more frequently in TTCs (see Table 3).

Since TTC is associated with an excessive activation of the sympathetic nervous
system, differences in coping strategies and problem perception might help to explain
the higher prevalence of TTC in women. Remarkably, the number of life events prior to
disease onset was significantly related to perceived chronic stress and mental QoL in
both patient collectives. Recent studies reported that especially the exposure to repeated
stressful life events was related to the onset of TTC (Rosman, Dunsiger, & Salmoirago-
Blotcher, 2017; Wallstrom, Ulin, Mdittd, Omerovic, & Ekman, 2016). Authors argue
that long-term stressful conditions might have led to an increased vulnerability to
further emotional or physical stressors that in turn triggered the development of TTC.
This suggests that the amount of life events might not only be a risk factor for the
appearance of TTC, but also for long-term mental well-being. Therefore, maladaptive
coping may not only contribute to the development of the heart disease but also to the
impaired QoL many years after disease admission, as observed in our study. Further,
the patients’ perception of disease severity within the acute phase of TTC due to
frightening symptoms, mimicking an acute coronary syndrome, could also be consid-
ered as a potential source of maladaptive coping. This explicitly fearsome perception of
stress could be meaningful for the mental wellbeing of MIs and TTCs, also in the long-
term.

Both patient groups displayed similar but significantly higher-than-normal scores of
resilience. At a first glance, these results appear to be counterintuitive: Resilience,
generally conceived as personality trait, would rather be considered a protection factor
for the development of TTC and MI. A possible explanation could be the phenomenon of
‘post-traumatic growth’, defined as positive personal change through the experience of
a striking traumatic or adverse life event (Cordova & Andrykowski, 2003; O’Leary &
Ickovics, 1995; Roebuck, Furze, & Thompson, 2001).

The following limitations of our study need to be considered. Even though sex dis-
tribution of TTC patients (96% females) reflects sex distribution within the TTC popula-
tion, the high proportion of female patients may have introduced some bias when
comparing the results to ‘equally sex distributed’ normative values (Templin et al., 2015).
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This might, be the case regarding the comparison of depression scores of our mostly
female patient collectives and norm samples, because the prevalence of depression is higher
among women than men, with a risk ratio of approximately 2:1 (Kessler, 2003).
Furthermore, the over-representation of (elderly) female patients diminishes the general-
izability to MI patients, who are predominantly male. Given the high variability of out-
comes (see Table 3), which is in line with previous studies, a larger number of male and
female participants would have been desirable in order to enhance the statistical power for
the analyses (Compare et al., 2014; Rosman et al., 2017; Sobue et al., 2017). Considering the
low TTC prevalence of only 0.07-3% in patients presenting with an acute coronary
syndrome, however, the sample size of 68 TTC patients is comparably high and four
study centers were necessary to retrieve these numbers in a reasonable time frame. In
addition, matching was done for age and sex, but not for the time point of diagnosis.
However, the time span between diagnosis and survey participation did not differ sig-
nificantly between groups (p = .07). Nonetheless, the large variety of time periods between
disease onset and the present survey may have had an impact on the individuals” answers;
for example, a recall bias could have influenced the list of stress events prior to disease
onset. Therefore, prospective studies are warranted to further consolidate our findings.
Finally, due to the cross-sectional design of this study, baseline values of psychosocial
variables as well as physiological risk factors (such as hypertension or diabetes) before and
at disease onset were not available. Therefore, the possible impact of mental and physical
conditions prior to the disease onset and the impact of the disease itself cannot be
differentiated, and causal relationships cannot be drawn.

In summary, it can be concluded that patients with a history of TTC showed
considerably reduced emotional and physical wellbeing on average 4.9 years after disease
onset, which is comparable to that of MIs (Roebuck et al., 2001). Both patient groups,
TTC and MI, reported higher chronic stress levels as well as reduced health related QoL.
Whether this is associated with maladaptive coping strategies in regard to potential life
stressors needs to be tested in further studies.
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