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Abstract 

 

Background: TTC is frequently triggered by a stressful event. Overactivation of the 

sympathetic nervous system has been hypothesized as the underlying mechanism. 

Design: In a prospective, cross-sectional, single center study we aimed to 

investigate neuropsychiatric traits in patients with Takotsubo cardiomyopathy (TTC). 

Methods: Twenty-six patients with TTC with a median latency of 17.5 months from 

their index event underwent detailed medical examination, neuropsychologic 

examination, Holter-ECG and were screened for psychiatric comorbidities, chronic 

stress and personality traits with questionnaires. 

Results: 38.5% (10/26) of patients suffered from a neurological disease, and 50.0% 

(13/26) from at least one mental disorder. In 23.1% (6/26) the hospitality anxiety 

scale (HADS–A) was suspicious for an anxiety disorder. There was a high 

prevalence of left-handedness (19.2%; 5/26). Despite good performance in cognitive 

testing, 11 patients had an abnormal score in the fatigue severity scale. Although 

recovery of cardiac function was documented, symptoms in 7 out of 10 patients 

persisted, as indicated by an increase in the root mean square of the successive 

differences (RMSSD) (p=0.01) seen on the Holter-ECG.  

Conclusion: The study highlights a high prevalence of psychiatric and neurologic 

comorbidities in patients with TTC, which so far have been under-diagnosed. Future 

studies will have to show whether these patients might benefit from a combined 

psychocardiologic rehabilitation. 

Key Words 

Takotsubo cardiomyopathy; brain-heart connection; autonomic nervous system; 

neuropsychological tests 



 3 

1. Introduction 

 

Takotsubo cardiomyopathy (TTC) or “broken heart syndrome” is usually triggered by 

an acute stressful event leading to transient left ventricular dysfunction [1]. It has 

been suggested that stress plays an important role in initiating this disease, as it has 

been demonstrated that stress hormone release, such as that of norepinephrine, is 

increased in the acute state of TTC [2]. 

The brain, specifically the limbic system (amygdala, hippocampus and prefrontal 

cortex), is crucially involved in the stress response to an external stimulus [3]. 

Obviously, there is a unique interaction between the brain and the heart in TTC [4]. 

However, until now, researchers have mostly focused on the heart and have 

neglected the emotional centers in the brain. 

There is compelling evidence that the brain-heart connection may be critical in 

understanding the pathophysiology of TTC and needs to be investigated in more 

depth by a multidisciplinary approach [5]. We propose a relationship between 

dysfunction in neuronal structures and the susceptibility to TTC and its clinical 

sequelae. Therefore, the aim of the present study was to investigate, alongside 

cognitive functioning, also parameters of the autonomic nervous system that are 

typically mediated by brain structures, comprising limbic system and prefrontal 

cortex. These sites may arguably be involved in the development of TTC since they 

are known for their role in stress responses and modulation of the autonomic nervous 

system [6]. 

* Abbreviations. ESS, Epworth Sleepiness Scale; FPI-R, Freiburg Personality Inventory, revised 
version; FSS, Fatigue Severity Scale; HADS, Hospital Anxiety and Depression Scale; HRV, Heart 
Rate Variability, IA, Interoceptive awareness; MCI, Mild Cognitive Impairment; MoCA, Montreal 
Cognitive Assessment, RMSSD, Root Mean Square of the Successive Differences; SCSS, Screening 
Scale for Chronic Stress; SDANN, Standard Deviation of sequential five-minute Normal to Normal 
means, SDNN, Standard Deviation of Normal to Normal interbeat interval; TICS, Trier Inventory for 
Chronic Stress; TMT, Trail Making Test; TTC, Takotsubo cardiomyopathy; VAS, Visual analog scale  
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2. Methods 

 

2.1 Study population 

Eighty-six patients from the leading hospital University Hospital Zurich of the 

International Takotsubo Registry (www.takotsubo-registry.com) [1] were screened for 

the present study. Out of these, 26 patients gave their informed consent to participate 

in the present study (Figure 1). The study protocol conforms to the ethical guidelines 

of the 1975 declaration of Helsinki as reflected in a priori approval by the local ethics 

committee, and the fact that all patients gave written informed consent before 

participation. 

Data on pre-existing medical history, lifestyle change after the TTC event, other 

acute stress events and aggravation or first manifestations of health related problems 

were obtained by medical interview. Patients were asked about their psychosocial 

background, remarkable biographic events, traumatic life events and psychiatric and 

neurological comorbidities. The definitions for diagnosed comorbidities are in 

accordance with the current version of International Classification of Diseases (ICD – 

10, version 2010). 

 

2.2 Questionnaires 

We investigated the autonomic integrity, psychosocial environment and psychological 

condition of all patients. The following questionnaires were used: Hospital Anxiety 

and Depression Scale (HADS) [7], the Epworth Sleepiness Scale (ESS) [8] and the 

Fatigue Severity Scale (FSS) [9].  

Furthermore, two additional psychological self-assessment questionnaires were 

adopted to quantify chronic stress and to describe personality traits: the Trier 
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Inventory for Chronic Stress (TICS) [10] and the Freiburg Personality Inventory (FPI-

R) [11]. 

 

2.3 Clinical neurological examination 

All patients underwent a comprehensive neurological examination focused on 

dysregulation of the autonomic state. Cranial nerve function, peripheral reflexes and 

motor functions were assessed. Furthermore, coordinative performance and 

sensibility were tested by exteroception and proprioception. 

 

2.4 Neuropsychological examination 

To assess handedness, the Chapman and Chapman inventory was administered to 

all patients [12]. Deficits in cognitive functioning, i.e. in alertness and concentration, 

executive functions, memory, speech, visuoconstructive ability, arithmetic ability and 

orientation were assessed by the Montreal Cognitive Assessment (MoCA) [13]. 

Figural fluency as a prefrontal executive function was tested with the five-point test 

[14], assessing predominantly nonverbal, right-hemispheric function. 

 

2.5 Interoceptive awareness 

Interoceptive awareness (IA) was tested using the Mental Tracking Method [15]. 

Participants were instructed to start silently counting the number of heartbeats they 

perceived during a time interval indicated by the experimenter. The IA task consisted 

of two sessions, each with four time intervals (100 sec, 45 sec, 35 sec and 25 sec), 

which were presented in random order. Real-time heart beat counting was conducted 

using the CONTEC CMS-50E finger pulse oximeter and the corresponding analyzing 

software. The second session was performed after experiencing mild emotional 
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stress induced by Stroop task [16]. Only patients with positive scores were included 

in the analysis of IA (n=25). A visual analog scale (VAS) ranging from 0 to 10 was 

used to evaluate experienced emotional stress, with 10 indicating the most intense 

stress. We used the German version of the Victoria Stroop task with three rounds of 

increasing level of difficulty (dots, neutral, color) [17]. 

 

2.6 Heart rate variability 

The impact of the autonomic nervous system on cardiovascular function was 

assessed by the heart rate variability (HRV) test as described before [18, 19]. HRV 

parameters were defined according to standard definitions given by the Task Force 

of the European Society of Cardiology and the National Association for Sport and 

Physical Education [20] (see supplementary data). 

 

2.7 Statistical analysis 

Descriptive statistics are reported as frequencies and percentages for categorical 

data. For continuous variables median, mean ± SD and range are given. Correlations 

were analyzed with Pearson’s correlation. Comparisons between patient groups were 

performed with the Student T-test in normal distributed data or non-parametrical tests 

(Mann-Whitney, Wilcoxon) tests if normal distribution was not given. A two-tailed 

significance level of p ≤ 0.05 was used. Bonferroni correction was used to control 

error rate in multiple comparisons. Statistical analysis was performed with SPSS 22.0 

(SPSS Inc, Chicago, IL) and Stat view 5.01. 
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3. Results 

 

3.1 Study population  

All 26 patients were women with a mean age of 64.9 years (range 32 to 91 years) at 

the time of the TTC event. The median time from the TTC event to the time of 

investigation was 17.5 months (range 1.0 to 72.0). TTC was triggered by an 

emotional event in 57.7% (15/26) and by a physical stressful situation in 19.2% (5/26) 

of patients. In 23.1% (6/26) no preceding stressor was noted. Before their TTC index 

event, 53.8% (14/26) reported a decrease in efficiency in daily productivity and 

26.9% (7/26) experienced symptoms of chest pain or dyspnea. 7.7% (2/26) suffered 

from a recurrent episode of TTC. 80.8% (21/26) were identified as being under 

chronic psychological pressure. The most frequent complaints regarding 

neurovegetative function were temperature sensitivity (18/26), indigestion (13/26) 

and a dry mouth (5/26). No weight loss was documented. History of fainting was 

present in 38.5% (10/26) of patients, with one patient known for orthostatic disorder. 

One patient complained of a presyncopal condition during walking or situations of 

intense mental stress. Interestingly, 69.2% (18/26) reported about persistent 

symptoms despite complete cardiac recovery (i.e. effort intolerance, palpitations, 

stenocardia or dyspnea during mental stress). Baseline characteristics and clinical 

course are shown in Table 1. 

 

3.2 Psychiatric comorbidities 

Mental disorders were found in 57.7% (15/26) of all patients, which had been 

diagnosed prior to the index event. 69.2% (18/26) suffered from depressive mood, 

half of whom have been diagnosed with an affective disorder (ICD-10, F30-F39). 
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3.8% (1/26) suffered from phobia (ICD-10, F40.-) and 7.7% (2/26) had subjectively 

experienced a panic attack once in their lifetime, but did not seek medical advice. In 

addition, 7.7% (2/26) had a history of anorexia nervosa (ICD-10, F50.0) and 3.8% 

(1/26) previously attempted suicide. 7.7% (2/26) had been physically abused in the 

past. 

 

3.3 Neurological comorbidities 

23.1% (6/26) of patients suffered from chronic musculoskeletal pain. Migraine was 

present in 19.2% (5/26), with epigastric aura in two patients and visual aura in one 

patient. One patient described the pain as left-dominant. 15.4% (4/26) had insomnia 

and 7.7% (2/26) suffered from restless legs syndrome. 7.7% (2/26) suffered from 

epileptic disorder. One patient had symptomatic focal epilepsy with secondary 

generalization first diagnosed during the TTC event. The second patient had 

symptomatic complex focal epilepsy and generalized tonic-clonic spells first 

diagnosed 15 years before the TTC event. Both patients presented with status 

epilepticus when TTC was diagnosed. In both patients, interictal 

electroencephalography showed abnormal right-hemispheric discharges in the 

temporal electrodes and anterior quadrant. As a structural etiology of her epileptic 

disorder, one patient had two intra-cerebral aneurysma, one of them located in the 

right posterior communicating artery and clipped two years prior to TTC event. 7.7% 

(2/26) of patients had a history of traumatic brain injury, of whom one patient 

presented with acute TTC accompanied by a contusio cerebri and with an epidural 

hematoma, which was treated conservatively. 3.8% (1/26) had suffered from a right 

hemispheric cerebral hemorrhage with left temporobasal ischemic areas, which was 
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most likely due to a pituitary adenoma. Furthermore, 3.8% (1/26) had 

cerebrovascular ischemia. A complete list of comorbidities is presented in Table 2. 

 

3.4 Questionnaires 

The average HADS-A score was 6.0 ± 3.3 points (0 to 14). In 23.1% (6/26) of 

patients, scores were suggestive of an anxiety disorder. Out of these, only one 

patient was diagnosed with an anxiety disorder and received both pharmacological 

and psychotherapeutic treatment. The average HADS-D score was 4.6 points, SD 

3.2 points (range 0 to 11). A diagnosis of a depressive disorder was found in 30.8% 

(8/26) of the study population. The average ESS score was 5.9 points, SD 2.7 points 

(range 2 to 13). 11.5% (3/26) had an ESS score of 10 or higher. The average FSS 

score was 3.4 points, SD 1.6 points (range 0.4 to 6.3). 42.3% (11/26) had a score 

equal or greater than 4. Patients with recent hospital discharge showed higher scores 

in FSS, but the difference was not significant (p=0.21). 34.6% (9/26) of patients 

showed scores above the 97th percentile in the Screening Subscale of Chronic Stress 

(SCSS) of the TICS as compared to the age-matched normative data. Average 

scores for each subscale were between the 48th and 54th percentiles of normative 

data and thus within normal ranges (Figure A1, supplementary data). Patients with 

persistent thoracic tightness during episodes of mental stress since the index TTC 

event scored significantly higher in the subscale of social tension (p<0.001). In the 

FPI-R, high and low manifestation in the following personality traits were found: life 

satisfaction (15.4% high, 7.7% low), social orientation (7.7% high, 3.8% low), 

inhibition (7.7% high, 3.8% low), excitability (11.5% high, 3.8% low), aggressiveness 

(15.4% high), strain (15.4% high, 11.5% low), somatic distress (3.8%high), health 

worries (3.8% high, 19.2% low) and openness (15.4% high, 3.8% low). Emotional 
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stability was found to be high in 3.8% (1/26) and low in 7.7% (2/26) of patients 

(Figure A2, supplementary data). 

 

3.5 Neurological examination 

Pathological findings were seen only in 11.5% (3/26) patients with epilepsy or 

ischemic cerebrovascular disease. 

 

3.6 Neuropsychological examination 

19.2% (5/26) patients were left-handed and one patient was ambidextrous. Left-

handedness was equally found among sub-types of TTC according to contractile 

pattern (typical versus atypical; p=0.08). Cognitive functioning as established with the 

MoCA was below the respective age norm in 19.2% (5/26) of patients for the total 

score. The low scores were found mainly in visuoconstructive (drawing a cube), 

word-finding (F-word test) and memory tests. The low scores of two patients were 

due to previously diagnosed cognitive impairments as known sequelae of their 

epileptic disorders. These patients were excluded from the analysis of 

neuropsychological tests. Average test scores compared to normative data are 

depicted in Figure 2. TTC patients produced fewer 5-point designs than the 

respective age norms (p=0.047) [21]. The median interference score in the Stroop 

task, defined as the ratio between time run 3 and time run 1; [22], was significantly 

lower than that of the age-matched general population (p=0.001) indicating a better-

than-normal interference control. 

 

3.7 Interoceptive awareness 
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There was no significant difference between IA values of run 1 (baseline) and run 2 

(mild mental stress induced by the Stroop task; p=0.20). Induction of mild mental 

stress was reflected with significant heart rate increase during the Stroop task 

(p<0.001). Average experienced stress measured by VAS scale was 3.6 points, SD 

2.5 (range 0 – 9). 

 

3.8 Heart rate variability 

HRV parameters of interest were within expected limits: Standard Deviation of 

Normal to Normal interbeat interval (SDNN) median 114.0 ms (range 60 to 278), 

Standard Deviation of sequential five-minute Normal to Normal Means (SDANN) 

median 103.0 ms (range 55 to 252), root mean square of the successive differences 

(RMSSD) average 53.0 ms, SD 47.4 (range 20 to 223) [23, 24]. However, patients 

with remaining symptoms since their acute TTC event showed significantly higher 

values in the time-domain parameter RMSSD compared to patients without residual 

symptoms (p=0.01). There was no significant correlation between HRV parameters 

and scores in either subscale of the HADS questionnaire or personality traits (p-

values all not significant). 
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4. Discussion 

 

To our knowledge this is the first study to investigate neurological and 

neuropsychiatric findings in patients with TTC. The current results provide evidence 

that patients with TTC suffer from a high prevalence of neurological and psychiatric 

comorbidities. Interestingly, about a third of the of patients showed increased levels 

of anxiety or/and depression indicated by high scores in the HADS, suggesting a 

psychologically distressed state after the occurrence of a TTC event. In addition, 

around 80% reported experiencing chronic stress, which may have contributed to 

both cardiac disease and mental disorder [24-26]. However, this finding was not 

supported by the results of the TICS questionnaire. This might be explained by the 

delay of the TICS examination. The questionnaire measures experienced stress 

within three months, while we investigated patients after a median of 17.5 months 

after the acute TTC event. Most of the patients reported an intensive life style 

modification after the index event for stress relief, which could have further impact on 

TICS scores. 

Most patients reported an emotional or physical trigger event. More than half of the 

patients reported a decrease in performance or a feeling of an upcoming cold prior to 

the acute TTC event. We suppose that those symptoms might be due to an 

imbalance of the autonomic nervous system. However, further investigations are 

required to explain these findings. 

To date, handedness has not been thoroughly investigated in patients with TTC, but 

previous findings associate a higher risk of cardiac autonomic dysfunction and 

cardiac arrhythmia with left-handedness [27, 28]. Left-handed individuals are 

generally assumed to comprise 10 to 12% of the general population [29]. In our study 
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population, one fifth of the patients were predominantly left-handed and one patient 

was ambidextrous. Left-handedness and its associations with cognition seem to be 

linked to mental disorders such as schizophrenia [30, 31] and a low threshold for 

anxious reactions [32, 33]. The relationship of handedness, personality traits and 

TTC, however, remains unknown.  

The statistical time-domain parameters SDNN and SDANN are thought to be acute 

phase predictors of relatively poor prognoses [24]. Previous studies support our 

current findings; these time-domain parameters are reduced between the acute 

phase and the consecutive normalization period of several months [24, 34]. As 

expected, the SDNN and SDANN values were within normal range, suggesting 

normal sympathetic function [35]. However, patients suffering from persisting 

symptoms at the time of follow-up showed significantly higher values of RMSSD 

compared to those without symptoms. This might be due to excessive vagal 

activation. Data of frequency-domain parameters to support these findings should be 

evaluated in further studies. Results of time-domain HRV analysis indicate a 

parasympathetic rather than sympathetic nervous system dysfunction in long–term 

follow up, which might be related to the cause of the persisting symptoms. Data of 

frequency-domain parameters to support these findings should be evaluated in 

further studies. 

These findings suggest that the value of physical rehabilitation as currently used for 

ACS patients appears uncertain for patients with TTC, since endurance training 

increases vagal tone [36]. This is a desired effect in patients with ACS, but may 

unfavourably affect the autonomic balance in TTC patients, given that vagal tone is 

known to be less prominent in patients after myocardial infarction [37]. This finding, 

however, is inconsistent in TTC patients [24, 34, 38], so they should be seen 
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regularly and followed up with on a long-term basis to plan a personalized 

rehabilitation program, possibly with a focus on psychological factors, according to 

their symptoms. Concomitant fatigue should also be considered when providing a 

rehabilitation plan. High scores in FSS, despite normal scores in ESS, indicate 

fatigue to be due to asthenity rather than sleep propensity. The new onset of fatigue 

after the TTC event implies that there is an autonomic dysbalance and that it is not 

due to hypersomnia or disorders of circadian rhythm. 

As a limitation to our study we see the latency of the follow-up examination. Patients 

were investigated with a median of 17.5 months (range 1.0 to 72.0 months) since the 

acute TTC event. Furthermore, the neuropsychological examination, including IA, 

was conducted at different times of the day, having perhaps posed different 

challenges for different patients, according to an individual’s circadian typology [39]. 

This might have had an impact on performance. Due to the rather limited sample 

size, test results need to be confirmed in a larger patient population. 

In conclusion, our study suggests psychiatric comorbidities to be under-diagnosed 

and we therefore propose to specifically screen patients with newly diagnosed TTC 

for psychiatric diseases. These patients might benefit from combined psychological 

and cardiac rehabilitation. Since physical training increases vagal tone, advantage of 

excessive physical training during rehabilitation should be individually assessed. As 

possible markers we suggest clinical state and HRV. As shown with the IA task, TTC 

patients seem to be well aware of emotional experiences and the internal visceral 

and emotional states and therefore might benefit from supportive, mindfulness-based 

therapies. 

  



 15 

5. Acknowledgements 

 

The authors thank Dr. Sick (University Zurich) for her support in statistical analysis, 

and Dr. Proyer (University Zurich) for his advice for selection of the questionnaires. 

  



 16 

6. References 

 

[1] Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Jaguszewski M, et al. 
Clinical Features and Outcomes of Takotsubo (Stress) Cardiomyopathy. N Engl J 
Med. 2015;373:929-38. 

[2] Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman SP, Gerstenblith 
G, et al. Neurohumoral features of myocardial stunning due to sudden emotional 
stress. N Engl J Med. 2005;352:539-48. 

[3] Lovallo WR. Cardiovascular reactivity: mechanisms and pathways to 
cardiovascular disease. Int J Psychophysiol. 2005;58:119-32. 

[4] Redfors B, Ali A, Shao Y, Lundgren J, Gan LM, Omerovic E. Different 
catecholamines induce different patterns of takotsubo-like cardiac dysfunction in an 
apparently afterload dependent manner. Int J Cardiol. 2014;174:330-6. 

[5] Costa VM, Carvalho F, Bastos ML, Carvalho RA, Carvalho M, Remião F. 
Contribution of catecholamine reactive intermediates and oxidative stress to the 
pathologic features of heart diseases. Curr Med Chem. 2011;18:2272-314. 

[6] Westerhaus MJ, Loewy AD. Central representation of the sympathetic nervous 
system in the cerebral cortex. Brain Res. 2001;903:117-27. 

[7] Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand. 1983;67:361-70. 

[8] Bloch KE, Schoch OD, Zhang JN, Russi EW. German version of the Epworth 
Sleepiness Scale. Respiration. 1999;66:440-7. 

[9] Valko PO, Bassetti CL, Bloch KE, Held U, Baumann CR. Validation of the fatigue 
severity scale in a Swiss cohort. Sleep. 2008;31:1601-7. 

[10] Schulz. Trierer Inventar zum chronischen Stress (TICS). In: W. S, editor. 
Göttingen: Hoegrefe; 2004. p. 61. 

[11] Ostendorf. Testrezension zum Freiburger Persönlichkeitsinventar-Rev. Fass. 
(FPI-R). In: J F, editor.: für Differenzielle Diagnostische Psychologie; 1997. p. 81-6. 

[12] Chapman LJ, Chapman JP. The measurement of handedness. Brain Cogn. 
1987;6:175-83. 

[13] Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, 
et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild 
cognitive impairment. J Am Geriatr Soc. 2005;53:695-9. 

[14] Regard M, Strauss E, Knapp P. Children's production on verbal and non-verbal 
fluency tasks. Percept Mot Skills. 1982;55:839-44. 

[15] Schandry R. Heart beat perception and emotional experience. 
Psychophysiology. 1981;18:483-8. 

[16] Stroop J. Studies of interference in aerial verbal reactions. Journal of 
Experimental Psychology; 1935. p. 643-62. 

[17] Perret E. The left frontal lobe of man and the suppression of habitual responses 
in verbal categorical behaviour. Neuropsychologia. 1974;12:323-30. 



 17 

[18] Parati G, Saul JP, Di Rienzo M, Mancia G. Spectral analysis of blood pressure 
and heart rate variability in evaluating cardiovascular regulation. A critical appraisal. 
Hypertension. 1995;25:1276-86. 

[19] Thayer JF, Brosschot JF. Psychosomatics and psychopathology: looking up and 
down from the brain. Psychoneuroendocrinology. 2005;30:1050-8. 

[20] Malik M CA. Heart rate variability 

Standards of measurement, physiological interpretation, and clinical use. European 
Heart Journal; 1996. p. 354-81. 

[21] T H, C M, F S, M W, M K, L S. Der "HAMASCH 5 Punkt Test" – erste 
Normierungsergebnisse. Zeitschrift für Neuropsychologie. 2002;13:233. 

[22] Troyer AK, Leach L, Strauss E. Aging and response inhibition: Normative data 
for the Victoria Stroop Test. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 
2006;13:20-35. 

[23] Krstacic G, Parati G, Gamberger D, Castiglioni P, Krstacic A, Steiner R. Heart 
rate variability and nonlinear dynamic analysis in patients with stress-induced 
cardiomyopathy. Med Biol Eng Comput. 2012;50:1037-46. 

[24] Akashi YJ, Barbaro G, Sakurai T, Nakazawa K, Miyake F. Cardiac autonomic 
imbalance in patients with reversible ventricular dysfunction takotsubo 
cardiomyopathy. QJM. 2007;100:335-43. 

[25] Bao AM, Meynen G, Swaab DF. The stress system in depression and 
neurodegeneration: focus on the human hypothalamus. Brain Res Rev. 2008;57:531-
53. 

[26] Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Almahmeed WA, et al. 
Association of psychosocial risk factors with risk of acute myocardial infarction in 
11119 cases and 13648 controls from 52 countries (the INTERHEART study): case-
control study. Lancet. 2004;364:953-62. 

[27] Lane RD, Caruso AC, Brown VL, Axelrod B, Schwartz GE, Sechrest L, et al. 
Effects of non-right-handedness on risk for sudden death associated with coronary 
artery disease. Am J Cardiol. 1994;74:743-7. 

[28] Işcen S, Ozenç S, Tavlasoglu U. Association between Left-Handedness and 
Cardiac Autonomic Function in Healthy Young Men. Pacing Clin Electrophysiol. 
2014. 

[29] Kushner HI. Why are there (almost) no left-handers in China? Endeavour. 
2013;37:71-81. 

[30] Dragovic M, Hammond G. Handedness in schizophrenia: a quantitative review of 
evidence. Acta Psychiatr Scand. 2005;111:410-9. 

[31] Crow TJ. Schizophrenia as failure of hemispheric dominance for language. 
Trends Neurosci. 1997;20:339-43. 

[32] Wright L, Hardie SM. Are left-handers really more anxious? Laterality. 
2012;17:629-42. 

[33] Rempala DM. Behavioural laterality as a factor in emotional regulation. 
Laterality. 2014;19:256-77. 



 18 

[34] Waldenborg M, Soholat M, Kähäri A, Emilsson K, Fröbert O. Multidisciplinary 
assessment of tako tsubo cardiomyopathy: a prospective case study. BMC 
Cardiovasc Disord. 2011;11:14. 

[35] Umetani K, Singer DH, McCraty R, Atkinson M. Twenty-four hour time domain 
heart rate variability and heart rate: relations to age and gender over nine decades. J 
Am Coll Cardiol. 1998;31:593-601. 

[36] Melanson EL, Freedson PS. The effect of endurance training on resting heart 
rate variability in sedentary adult males. Eur J Appl Physiol. 2001;85:442-9. 

[37] Sztajzel J. Heart rate variability: a noninvasive electrocardiographic method to 
measure the autonomic nervous system. Swiss Med Wkly. 2004;134:514-22. 

[38] Ortak J, Khattab K, Barantke M, Wiegand UK, Bänsch D, Ince H, et al. Evolution 
of cardiac autonomic nervous activity indices in patients presenting with transient left 
ventricular apical ballooning. Pacing Clin Electrophysiol. 2009;32 Suppl 1:S21-5. 

[39] Adan A, Natale V. Gender differences in morningness-eveningness preference. 
Chronobiol Int. 2002;19:709-20. 
  



 19 

7. Author contributions 

 

KNM devised the study with JRG, CT, PB and CB, compiled the data, conducted the 

data analysis and wrote the manuscript with CT, JRG and PB. KNM read and 

approved the final manuscript. 

JRG devised the study, assisted in data analysis, wrote the manuscript with KNM, PB 

and CT, and read and approved the final manuscript. 

CB devised the study, was responsible for the data acquisition and analysis of 

neurological investigations, and read and approved the final manuscript. 

JJ assisted in data analysis of the psychiatric questionnaires, and read and approved 

the final manuscript. 

MT assisted in data collection and analysis of neuropsychologic tests, specifically IA. 

MT read and approved the final manuscript. 

AS assisted in data collection and analysis of Holter-ECG data, and read and 

approved the final manuscript. 

FS assisted in data collection and analysis of Holter-ECG data, and read and 

approved the final manuscript. 

TFL read and approved the final manuscript. 

MJ read and approved the final manuscript. 

EK read and approved the final manuscript. 

PB devised the study, conducted the data analysis of neuropsychological data, and 

read and approved the final manuscript. 

CT devised the study, wrote the manuscript with KNM JGR and PB, and read and 

approved the final manuscript.  



 20 

8. Funding 

 

This work was supported by Mach-Gaensslen Foundation, Olten Heart Foundation, 

Swiss Heart Foundation and Prof. Otto-Beisheim-Foundation to CT. JRG received a 

research grant from the Olten Heart Foundation. 

 

 

9. Conflict of interest 

 

The authors report no conflict of interest. 

  



 21 

Table 1. Baseline characteristics  

Age at TTC event (years), mean ±SD (range) 64.9 ±13.5 (32 - 91) 

Female 26/26 (100.0) 

Caucasian 26/26 (100.0) 

Anamnestic chronic stress 21/26 (80.8) 

Cardiovascular risk factors   

≥ 3 cardiovascular risk factors 6/26 (23.1) 

Arterial hypertension 19/26 (73.1) 

Positive family history 12/26 (46.2) 

Current or former smoker 9/26 (34.6) 

Obesity WHO grade I-III 7/26 (26.9) 

Hypercholesterolemia 5/26 (19.2) 

Diabetes mellitus Type II 3/26 (11.5) 

Cardiovascular history   

Status post TTC event 2/26 (7.7) 

Coronary artery disease 5/26 (19.2) 

Lifestyle change after TTC 8/26 (30.8) 

Cardiac rehabilitation 2/26 (7.7) 

Persistent symptoms, any 18/26 (69.2) 

Effort-dependent thoracic symptoms* 3/26 (11.5) 

Thoracic symptoms during mental stress* 5/26 (19.2) 

Dyspnea 4/26 (15.4%) 

Palpitations* 4/26 (15.4) 

Effort intolerance* 9/26 (34.6) 

Data are numbers of patients (%) unless otherwise indicated. TTC, Takotsubo 
Cardiomyopathy, WHO, World Health Organization, NYHA, New York Heart Association. 
* Multiple answers possible 
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Table 2. Neurologic and psychiatric comorbidities  

Psychiatric comorbidity, any 13/26 (50.0) 

Major depression* 8/26 (30.8) 

Bipolar disorder* 1/26 (3.8) 

Phobia* 1/26 (3.8) 

Eating disorder* 2/26 (7.7) 

Cognitive impairment* 2/26 (7.7) 

Neurologic comorbidity, any 10/26 (38.5) 

Chronic headache* 9/26 (34.6) 

Migraine* 5/26 (19.2) 

Insomnia* 4/26 (15.4) 

Restless-legs syndrome* 2/26 (7.7) 

Epilepsy* 2/26 (7.7) 

Intracranial aneurysm* 2/26 (7.7) 

Status post commotio cerebri* 2/26 (7.7) 

Status post traumatic brain injury* 2/26 (7.7) 

Status post intracranial hemorrhage* 1/26 (3.8) 

Status post cerebrovascular ischemia* 1/26 (3.8) 

Data are numbers of patients (%).  
* Multiple answers possible 
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Figure legends  

Figure 1. Study flow chart 

Of eighty-two eligible patients with Takotsubo Cardiomyopathy, 26 patients 

participated in the present study and underwent assessment of neurologic, 

neuropsychologic, and autonomic traits. ESS, Epworth Sleepiness Scale, HADS, 

Hospital Anxiety and Depression Scale, FSS, Fatigue Severity Scale, MOCA, 

Montreal Cognitive Assessment. 

Figure 2. Neurocognitive test scores in Montreal Cognitive Assessment  

Average test scores compared normative data published by Nasreddine et al. [13]. 

Total scores inferior the respective age norm were found in 19.2% (5/26) of patients. 

The low scores were found mainly in visuoconstructive (drawing a cube), word-

finding (F-word test) and memory tests. TTC, Takotsubo Cardiomyopathy, MCI, Mild 

Cognitive Impairment, TMT, Trail Making Test, n=26. 

Figure A1. Chronic stress profile (n=26) 

Self-rated chronic stress investigated with the Trier Inventory for Chronic Stress [10]. 

Nine patients showed high scores in the Screening Scale (SCSS), indicating 

experience of a high average stress level in life. However, average scores were 

within normal ranges for each subscale. SSCS, Screening scale for chronic stress. 

Figure A2. Personality traits (n=26) 

Personality traits evaluated with the Freiburger Personality Inventory, 8th revised 

edition [11]. Overall, the scores were balanced. High manifestation was found mainly 

in subscales of life satisfaction, openness, strain and aggressiveness, while health 

worries was less pronounced.  

 


