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Abstract

Background : Stress Cardiomyopathy (SCM) is an increasingly reported disease as a syndrome of acute,
severe, but reversible, which is commonly triggered by an acute strong physical or emotional stress. But little is
known whether chronic diseases may contribute to the occurrence of SCM.

Method : The case reports about SCM from January 1998 to May 2014 were searched in the PubMed using
the Medical Subject Headings: “tako-tsubo cardiomyopathy” or “stress cardiomyopathy” or “ampulla syndrome” or
“apical ballooning syndrome” or “broken heart syndrome”. The publications were excluded which didn’'t meet the
inclusion criteria. SCM patients with and without chronic diseases were CD group and NCD group, respectively.
The CD group was further classified into nine subgroups according to underlying chronic diseases. The circulatory
diseases group which had the highest percentage in CD group was analyzed further.

Results: 1331 literatures about SCM were collected, in which 1052 documents were eligible. In these
documents, 1206 patients were reported, 795 had chronic diseases, 411 had no significant past medical history. The
average age in NCD group was younger than that in CD group (57.3 + 0.9 years versus 62.4 + 0.6 years, P <0.01).
The number of SCM patients with Circulatory diseases was the most, then was Endocrine, Digestive, Respiratory,
etc. The proportion of hypertension was 74.0% in circulatory diseases followed by dyslipidemia 29.3%, arrhythmia

10.1%, coronary artery disease 5.8%, etc.

occurrence and delayed the onset age of SCM.

Conclusion : According to our results, the chronic diseases, especially hypertension, rose the rate of

Keywords: Tako-tsubo cardiomyopathy; Stress cardiomyopathy;
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Introduction

Stress Cardiomyopathy (SCM), also called Tako-tsubo
cardiomyopathy, broken heart syndrome or apical ballooning
syndrome, is commonly triggered by an acute strong physical or
emotional stress. Its most typical symptoms include acute, severe and
complete heart dysfunction with reversible favourable outcomes. As we
all known, the cardiovascular disease is still the leading cause of death.
But the SCM has a very low death rate compared with acute coronary
diseases or heart failure [1]. So, in some situations, it was considered
that this reversible SCM may be a cardioprotective strategy, to avoid
heart failure diseases when emergency occurs [2,3].

Despite the increasing recognization of SCM, the precise
pathophysiology of SCM remains unknown. High concentrations
of epinephrine is thought of as the main cause of the disease [4-6],
which was supported by several scholars reported that iatrogenic
epinephrine could induce SCM [7,8]. Usually individuals with chronic
diseases have higher activity of sympathetic nervous system [9-12],
and the hyperactivation of sympathetic nervous system resulted in
high concentrations of catecholamines [13]. So we speculated that the
susceptibility to the cardiomyopathy may, in part, be related to the
chronic disease.

Several studies about the relationship between SCM and other
diseases have been reported. Summers MR et al. [14] reported that
psychiatric illness had a high prevalence antecedes the onset of SCM.
Primetshofer D et al. [15] found that SCM patients frequently suffered
from neurological disease. Whether SCM is likely to prevalence
in individuals with high level of catecholamines, such as chronic

circulatory diseases patients, is not well understood. In this study we
firstly assessed the relationship between chronic diseases and SCM
systematically by documenting a large number of SCM cases that have
been reported in the literatures.

Method

Case reports about SCM from January 1998 to May 2014 were
searched in Pubmed by using the Medical Subject Headings with
no language restrictions: “Tako-tsubo cardiomyopathy” or “stress
cardiomyopathy” or “ampulla syndrome” or “apical ballooning
syndrome” or “broken heart syndrome”. All the files searched
were manually reviewed by five investigators. The publications
were excluded from the study if: (1) it was not written in English or
Chinese; (2) it was not case report of SCM; (3) the age and sex of a
patient were not clearly described; (4) case reports were repeated in
different articles. The age, sex, chronic diseases of every SCM patient
were collected using the Office Excel Software. The SCM patients were
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divided into two groups : Chronic Diseases group (CD) and Non
Chronic Diseases group (NCD). The criteria of chronic diseases should
contain at least one of the following items: (1) chronic illnesses were
diagnosed; (2) the patients were taking some chronic diseases drugs; (3)
some chronic diseases just such as cholecystolithiasis was found during
hospitalization for SCM; (4) the patients underwent an operation
within two months; (5) the patients were on continuous treatment of
radiotherapy or chemotherapy after surgery for cancer; (6) the patients
had cardiac surgery and cardiac interventional therapy like pacemaker
implantation or radiofrequency ablation.

CD group was further classified into nine subgroups as follows:
Circulatory, Endocrine, Digestive, Respiratory, Psychological, Nervous,
Locomotor, Urinary and other group. The ‘other group’ contained
reproductive diseases, hematological diseases, systemic diseases, skin
diseases, etc.

Statistical analysis

Data was collected by Office Excel Software and statistical analysis
was carried out by Graphpad prism 5.0. Results were presented as
mean = SEM or number of patients (%) and their corresponding 95%
confidence intervals (95% CI). The continuous variables with normal
distributions were analyzed by using independent T-test and the
categorical data was analyzed by using Chi-square test, then partition of
chi-square was conducted to multiple comparisons of rates. Statistical
significance was set at P < 0.05, except when partition of chi-square was
used for multiple comparisons among groups, in which case, statistical
51gmﬁcance was set at P < 0.05/ C, =0.0011, P < 0.05/ 4 = 0.0018 and
P<o. 05/C7 0.0024.

Results and Discussions

Gender and age discrepancy in SCM

In this study, out of 1331 documents (71 written in Chinese and
1260 written in English) about SCM reported from January 1998 to
May 2014, 1206 SCM patients were found. And in these patients, most
of them were over 50 years old (77.7%), in which female were 834
(69.2%) (Figure 1A). The average age of female was higher than that
of male (61.9 + 0.5 years versus 53.0 £ 1.5 years, P < 0.01), and female
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were more in each corresponding age interval over 20 years old. We
also found, in female, the numbers of SCM patients were quite different
among age groups, being highest in group 60 ~ 69 and 70 ~ 79. The
variance of patients’ number among age groups in male didn’t show
much difference as in female (Figure 1B). These results demonstrated
that most SCM patients were aged female.

The marked gender discrepancy was also observed by other
investigators [16,17]. The pathophysiological mechanism of SCM was
still not clear, but it is thought to be related to sympathetic nervous
system and excessive catecholamines, mainly epinephrine [4-8,18].
Epinephrine has a higher affinity for the B,ARs [2], which distribute
in the myocardium, and the number of this receptors progressively
increases from the base to the apex of heart. §,AR through Gi signaling
pathway exert negative inotropic effects, leading to myocardial
contraction inhibition [2], which was more obvious on the apex of
heart. When met with stress, the excessive inhibition effect on the heart
will contribute to the occurrence of SCM [19]. In addition, in female,
estrogen increases the ratio of B,AR in BAR [20], which enhances
the B,AR-Gi signaling pathway. This might account for the higher
vulnerability to SCM in females.

Studies have shown that catecholamine-responsiveness in the
elderly especially post menopause women had an age-associated
decrease, while the dissociative catecholamines in the circulation which
play the main roles increased with advancing age. On the other hand, as
estrogen declines with the age, its inhibition effect on the sympathetic
system decreases [21,22], which lead to higher concentration of
catecholamines in the circulative system. The increase of dissociative
catecholamines may be the reason why post menopause women were
more susceptible to SCM than pre-menopause women. It was reported
[23] that women under stress were more resistant to cardiac toxicity
caused by catecholamine. When meet massive release of catecholamine,
they only undergo reversible SCM. Thus, SCM maybe a good thing,
comparing with heart failure that is more likely to happen directly in
men.

As we have stated above, in female, the numbers of SCM patients
were highest in group 60 ~ 69 and 70 ~ 79, while the number of SCM
patients decreased after age 79.

B
4004
B female oy
ox ]
3004 male =
2004
100
0- (vears)
}5 ,\Q ;ﬁ ;5‘3 ,@ (:g g o\g éa QQ’

x“fé‘fb“b?b“@'\ &

Figure 1: A The percentage of SCM patients over and under 50 years old in total, female and male. Each value represented the percentage of SCM patients ; B. The
age distribution of SCM in male and female. Each value represented the number of SCM patients. In females, P <0.05/ ¢,,=0.0011; *P < 0.0011 versus ~ 9; *P <0.0011
versus 10 ~ 19; °P < 0.0011 versus 20 ~ 29; *P < 0.0011 versus 30~39; /P <0.0011versus 40 ~ 49; *P < 0.0011 versus 50 ~ 59; VP < 0.0011 versus 60 ~ 69; YP < 0.0011
versus 70~79; °P < 0.0011 versus 80 ~ 89; In males, P <0.05/ ¢,,=0.0011; SP <0.0011 versus ~ 9; “P <0.0011 versus 10 ~ 19; *P < 0.0011 versus 20 ~ 29; *P < 0.0011
versus 30 ~ 39;#P <0.0011 versus 40 ~ 49; P <0.0011 versus 50 ~ 59; 4P < 0.0011 versus 60 ~ 69; °P <0.0011 versus 70 ~ 79.
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World Health Organization (WHO) reported that the number
of aged people (> 60 years old) was 605 million in 2000 [24]. While
the people over 80 years old were only 98.75 million in the same year
[24]. Therefore, we speculated that the reason of the number of SCM
patients after age 79 declined was that the population of aged people (>
80 years old) decreased.

SCM profile in patients with chronic diseases

Based on our data, 65.9% SCM patients had chronic diseases (795
patients, CI = 64.5%-67.3%), which is nearly twice more than those
without chronic diseases (34.1%, 411 patients, CI = 32.7%-35.5%)
(Figure 2A). It was reported that the rate of chronic diseases was
19.99% in 2008 in China [25]. And it was 49.8% in US [26] in 2012.
Thus, the chronic diseases were higher in the SCM population. Maybe
the chronic diseases boost the occurrence of SCM.

It has been known that the activity of sympathetic nervous
system increased in some chronic diseases (such as, hypertension
[9], heart failure [10], chronic kidney disease [11], COPD [12]). The
hyperactivation of sympathetic nervous system resulted in high
concentrations of catecholamines in circulation [13]. High level of
catecholamines triggered a switch of B,AR coupling from Gs to Gi
signaling pathway in SCM [2]. The p,AR-Gs pathway could activate
cAMP to enhance cardial contractility, and the p,AR-Gi signaling
pathway exerts negative inotropic effect via PI3K [27,28]. The
balance of Gs and Gi proteins signaling pathway plays a key role in
keeping cardiomyocytes contracting regularly. The expression of Gi
would increase if BAR is stimulated persistently by catecholamines
[29], high level of circulating catecholamines further trigger more
activation of B,AR-Gi signaling pathway leading to SCM [2]. B,AR-
Gi signaling pathway inhibits the myocardial contraction and reduce
oxygen consumption and antiapoptotic effect which was considered
as a protective mechanism [2,3,27,28]. These may be vital to resist the
effects of excessive catecholamines in sudden stress attack, leading to
occurrence of transient heart dysfunction in the people with chronic
diseases rather than fatal acute heart failure.

Chronic diseases may lead to BAR insensitivity [13]. Long-term
BAR insensitivity in turn increased the release of sympathetic nervous
system. This may delayed the onset age of SCM patients with chronic
diseases. So, the average age of SCM patients in NCD group was lower
than that in CD group (57.3 = 0.9 years versus 62.4 + 0.6 years, P <
0.01) (Figure 2B)).

We further divided CD group (795 patients) into nine subgroups
as Circulatory, Endocrine, Digestive, Respiratory, etc. We found the
number of SCM patients was the highest in Circulatory group (497
patients, 62.5%, CI = 60.8% -4.2%), followed by Endocrine group (179
patients, 22.5%, CI = 21.0%-24.0%), Digestive (114 patients, 14.3%,
CI = 3.1%-15.6%), Respiratory (102 patients, 12.8%, CI = 11.6%-
14.0%), Psychological (89 patients, 11.2%, CI = 10.1%-12.3%), Nervous
(87 patients, 10.9%, CI = 9.8%-12.1%), Locomotor (50 patients, 6.3%,
CI = 5.4%-7.2%), Urinary (42 patients, 5.3%, CI = 4.5%-6.1%) and
Other group (89 patients, 11.2%, CI = 10.1%-12.3%) (Figure 3). The
proportions in Digestive, Respiratory, Psychological, Nervous groups
had no significant difference. But they were all higher compared with
Locomotor and Urinary group. There was no difference between the
Locomotor and Urinary group.

Studies have shown that SCM was associated with chronic
psychological or neurological diseases [14,15]. Our results implied

suffered at least two cardiovascular risk factors, including hypertension,
hyperlipidemia, diabetes mellitus, history of smoking, or a family
history of cardiovascular disease [14]. This indicated that long-term
burden of cardiovascular diseases may exert important influence on
SCM. Studies have proved that chronic circulatory diseases sustained
activation of sympathetic nervous system, therefore reducing its
excitability [30]. This change may result in a slow response to external
stimulation. Thus, the heart appears to have a sub-optimal response,
hence a transient and reversible dysfunction.

Prevalence of hypertension in SCM patients

We further evaluated the proportion of different chronic circulatory
diseases in SCM patients. Hypertension had the highest 74.0% (368
patients, CI = 72.1%-76.0%), followed by dyslipidemia 29.3% (146
patients, CI =27.3%-31.5%), arrhythmia 10.1% (50 patients, CI = 8.7%-
11.5%), coronary artery disease 5.8% (29 patients, CI = 4.8%-6.9%),
thrombus 4.2% (21 patients, CI = 3.3%-5.1%), valvular disease 2.8%
(14 patients, CI = 2.1%-3.6%), peripheral vascular disease 2.6%(13
patients, CI = 1.9%-3.3%) (Figure 4). Meanwhile, they accounted for
30.5% (hypertension), 12.1% (dyslipidemia), 4.1% (arrhythmia), 2.4%
(coronary artery disease), 1.7% (thrombus), 1.2% (valvular disease),
1.1% (peripheral vascular disease) in total SCM patients, respectively.
Kurisu S et al. reported that hypertension account for 35.3% (36/102)
in SCM patients, similar to our results [17].

Our result have shown that the SCM was easier to occur in the
post menopause women and in the hypertension patients. Studies
reported that the decline of BAR sensitivity in cardiac muscle was
associated with aging [31,32], which lead to the BAR-mediated decline
in vasoreactivity [33]. The age-related decrease of BAR vasoreactivity
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Figure 2: A. The percentage of SCM patients with or without chronic diseases.
B. The mean age of SCM patients with or without chronic diseases. CD, SCM
patients with chronic diseases; NCD, SCM patients without chronic diseases.
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Figure 3: The percentage of different chronic diseases in SCM patients.

that the influence of the chronic circulatory diseases on SCM may be Each value represents the percentage of SCM patients. P < 0.05/¢;= 0.0018.
underestimated. Summers et al. reported that majority of SCM patients #P < 0.0018 versus Circ, °P < 0.0018 versus Endo, 4P < 0.0018 versus
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Figure 4: The percentage of different chronic circulatory diseases in SCM patients.
Each value represents the percentage of SCM patients. P < 0.05/¢, = 0.0024,
VP < 0.0024 versus HT; ©P < 0.0024 versus DL; *P < 0.0024 versus AT; HT,
Hypertension; DL, Dyslipidemia; AT, Arrhythmia; CAD, Coronary Artery Disease; TH,
Thrombus; VD, Valvular Disease; PVD, Peripheral Vascular Disease.

is a common factor underlying hypertension [34,35]. The reason may
be associated with one of the G protein coupled receptor kinase GRK2.
The GRK2 was abundantly expressed in the heart and in the vessels
[36,37]. It was reported that the expression level of GRK2 enhanced
in hypertensive patients [35], and the increased level of GRK2 appear
to participate in the desensitization of PAR and the reduction of fAR-
mediated physiological responses [38,39]. Additionally, GRK2 also
could phosphorylate B,AR leading the receptor to Gi-biased signaling
pathway [40]. The lower B,AR reactivity to the high concertration of
catecholamines as a result of the decreased of ,AR process, together
with the increased of Gi signaling pathway may explain why the
hypertensive individuals were were more easier to occur SCM when
met with stress.

Sympathetic nervous system activation participates in initiating
and sustaining the blood pressure elevation [9]. At the same time, the
decreased number and function of B, AR, relatively increased the activity
of B,AR in the heart [41] in the hypertensive individuals. This results
were supported by Witte et al. [42] who found that the total density of
BAR in the membrane of cardiomyocytes declined significantly, due
to the decline of the density of B,AR in spontaneous hypertension.
Therefore, when met with stress, instantaneous emergence of a large
number of catecholamines activate more p,AR in hypertensive patients.
This may partly explain why hypertension, alone or in association with
other chronic diseases was the most common circulatory chronic
disease in SCM patients.

Conclusion

In this study, we found that strong short-term emotional or physical
stress triggered SCM was prone to occur in patients with chronic
diseases, especially hypertension. We postulated that sustaining high
concentration of catecholamines desensitized B-adreonoceptors of
heart or changed their expression, which reduced the response to stress
induced higher catecholamines. Therefore, when met with stress, these
individuals easily happened reversible heart failure--SCM, instead of
fatal heart diseases. This maybe a good thing.
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