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Abstract

Takotsubo cardiomyopathy (TCM), characterized by transient left ventricular dysfunction,
was first reported in Japan in 1990. Current research suggests that TCM can be affected
by conventional cardiovascular factors such as hypertension (HTN), diabetes, hyperlipid-
emia (HLD), and obesity. Despite the increasing interest in this disease, research on TCM
remains limited. Conventional cardiovascular factors are clinically related to the outcome
of TCM. We reviewed the publications published in PubMed database between January
01 2010 and January 15 2021, and summarized the most current available evidence on
the correlation between TCM and the conventional cardiovascular factors. TCM patients
are predominantly postmenopausal women. Men and young patients are less commonly
seen, but are prone to acute adverse complications and poor prognosis. HTN is common
in patients with recurrent TCM. Existing evidence suggests that obesity and chronic kidney
disease are related to poor prognosis in TCM. HLD is reported to be associated with fewer
complications, though current evidence is limited. Finally, the relationship between diabe-
tes and TCM prognosis is ambivalent. Current evidence suggests conventional cardiovas-
cular risk factors are associated with the outcome of TCM, especially with mortality and
complications. More prospective studies are needed to clarify the relationship between

each risk factor and the prognosis of TCM.
KEYWORDS

age, cardiovascular risk factors, chronic kidney disease, diabetes, gender, hyperlipidemia,
hypertension, obesity, Takotsubo cardiomyopathy

1 | INTRODUCTION

Takotsubo cardiomyopathy (TCM) is a reversible left ventricular

dysfunction that is commonly known as “broken heart” syndrome.

Abbreviations: ACS, acute coronary syndrome; AKI, acute kidney injury; Cl, confidence

interval; CKD, chronic kidney disease; DKA, diabetic ketoacidosis; DM, diabetes mellitus;
eGFR, esti glomerular filtration rate; ESC, European society of cardiology; HLD,
hyperlipidemia; HR, hazard ratio; HTN, hypertension; Inter TAK, International Takotsubo;
MeSH, Medical Subject Headings; OR, odds ratio; P, p value; SO, sympathetic overactivity;
STEMI, ST-segment elevation myocardial infarction; TCM, Takotsubo Cardiomyopathy.

The first case of TCM was in Japan in 1990, and has since become
increasingly reported worldwide.! TCM is a syndrome characterized
by transient left ventricular systolic dysfunction that is similar to acute

coronary syndrome (ACS), but without angiographic evidence of
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obstructive coronary artery disease or acute plaque rupture.>® TCM
was initially considered as a benign disease. However, recent
research has found that the long-term mortality rate of TCM
patients exceeds that of ST-segment elevation myocardial infarc-
tion (STEMI) patients.* The pathogenesis of TCM is still unclear,
which may involve a multi-factor pathophysiological mechanism.
At present, the most accepted hypothesis is the catecholamine
surge, which lead to myocardial injury. Other proposed pathogen-
esis includes sympathetic overactivation (SO), coronary artery
vasospasm, microvascular dysfunction, estrogen deficiency, and
endothelial dysfunction.®~® There are different criteria for the
diagnosis of TCM, and the Mayo Clinic diagnostic standard modi-
fied in 2008 is the most widely known.” The new assessment
method of the International Takotsubo (Inter TAK) diagnostic
score has also been proposed recently.®

Studies demonstrated that TCM has distinct features in gender
and age distribution, and its patient population is prominently post-
menopausal women. In addition, conventional cardiovascular factors
are relatively common in TCM patients, such as hypertension (HTN),
hyperlipidemia (HLD), obesity, diabetes mellitus (DM), and chronic kid-
ney disease (CKD).**'? However, evidence on the relationship of tra-
ditional cardiovascular factors and TCM are still limited. In this review

article, we sought to summarize the current literature on the clinical

Age:

relationship between TCM and conventional cardiovascular risk
factors.

2 | METHOD

We searched publications in the PubMed database published between
January 01 2010 and January 15 2021. The following search terms were
used, including Medical Subject Headings (MeSH): Takotsubo cardiomy-
opathy, Takotsubo syndrome, broken heart syndrome, stress cardiomy-
opathy, cardiovascular risk factors, hypertension, high blood pressure,
diabetes mellitus, hyperlipidemia, obesity, CKD, age, gender and sex.
Two investigators (J. L. and Y. X.) independently performed the literature
research. Large prospective and retrospective studies that reporting mor-
tality rate were included, and select case reports were also considered

supplement the limited evidence available within the research topic.

3 | RESULTS
Selective risk factors, including HTN, DM, HLD, obesity, CKD, gender, and
age, and the current evidence of their association with TCM outcome are

discussed below in detail and summarized in Table 1 and Figure 1.

* higher incidence in elderly
* younger adults with TCM are associated with
more acute complications

* controversial studies on its effect on mortality

Gender:
* predominantly postmenopausal women
* men are associated with worse prognosis

CKD:
* associated with high long-term mortality
* associated with more hospitalization
complications

Obesity:
* associated with more complications
* relatively low one-month readmission

FIGURE 1

HTN:
* predictor of Peri-index event stroke*
* prevalent in recurrent TCM

DM:
* mixed study results on outcomes

HLD:

* more likely to develop TCM
* associated with less complications
* controversial studies on its effect on mortality

Conventional cardiovascular risk factors associated with Takotsubo cardiomyopathy. CKD, chronic kidney disease; DM, diabetes

mellitus diabetes; HTN, hypertension; HLD, hyperlipidemia. #“New focal neurological symptom occurring during the hospitalization or up to

30 days after discharge
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3.1 | Hypertension

HTN is common in TCM. In a systematic review of 1109 TCM
patients, 54% of them carry a diagnosis of HTN.'! Research on the
association between HTN and TCM is limited to retrospective studies
and the result is mixed. In a study of 6837 TCM patients, HTN was
found to have had no association with the incidence of TCM.1® On the
other hand, existing HTN can predict a worse prognosis of TCM, as
demonstrated by a retrospective descriptive study of 206 TCM patients
from 2003 to 2014, which found that HTN was an independent predic-
tor of peri-index event stroke (new focal neurological symptom occur-
ring during the hospitalization or up to 30 days after discharge) in TCM
patients (OR:10.5, 95%Cl:1.3-88, p = .03).1* The case of acute hyper-
tensive crisis induce TCM has also been reported.!®

HTN is more prevalent in recurrent TCM patients compared to
non-recurrent cases. A prospective study of 749 TCM patients
showed that the incidence of HTN in the TCM recurrence group was
significantly higher than those in the non-recurrence group (86.7% vs.
68.3%, p = .03).2¢ Similar finding was noticed in another retrospective
study of 114 TCM patients (100% vs. 55.1%, p = .02).1”

HTN, as a typical manifestation of pheochromocytoma,'® can
be associated with the potential trigger of TCM in the setting of
catecholamine surge.19 In a review of 38 TCM patients secondary to
pheochromocytoma, the incidence of HTN in pheochromocytoma-
induced TCM group was 52.6%.2°

3.2 | Diabetes mellitus
DM is common in TCM patients, with its prevalence ranging from
12.6% to 22.8%.21°2%

Though cases have been reported with complications of DM
triggering TCM, the clear association between the two diseases are
not well established. Diabetic ketoacidosis (DKA),>> DKA induced
hypothermia,® and DKA with thyroid storm?’ have been identified as
causes of TCM in case reports so far.

Research on DM's effect on TCM outcome has generated con-
flicting results (Table 1). A 3.8 years follow-up study showed that DM
was an predictor of long-term mortality (HR:2.11, 95%Cl:1.23-3.65,
p < .01).* Another retrospective study showed that DM was an pre-
dictor of 90-day TCM readmission (OR:1.36, 95%Cl:1.27-1.47,
p < .001).28 In a prospective study of 826 TCM patients, the mortality
was significantly higher in DM-TCM group than non-DM-TCM group
(31.4% vs. 16.5%, p < .001) after on average 2.5 years follow up.?! In
the same study, DM was also an independent predictor of adverse
outcomes (HR:1.66, 95%Cl:1.16-2.39, p = .006).2* Similar to prior
findings, a study of 178 TCM patients without cardiogenic shock, DM
was found to be an independent predictor of overall mortality after
3.6 years follow-up (HR:2.05, 95%Cl:1.07-3.94, p = .03).%°

Counterintuitively, some retrospective studies argued that DM had a
positive association with TCM outcome. A single-center retrospective
observational study of 114 TCM patients reported that the rate of cumu-
lative event within 1 year, including all-cause death, life-threatening

arrhythmias, thromboembolic events, rehospitalization for heart failure,
TCM recurrence rate and stroke, were significantly lower in DM-TCM
group compared to non-DM-TCM group (p = .04).2% In a retrospective
descriptive study of 206 TCM patients, the DM-TCM group (n = 41) had
a lower incidence of inpatient heart failure (24% vs. 27%), and a lower
inpatient mortality rate (4.9% vs. 7.9%), though the big drawback of the

study was the unreported of p-value of its statistical analysis. >

3.3 | Hyperlipidemia

The prevalence of HLD in TCM is thought to be as high as 43%.'* Our
literature review showed limited data on the association between
HLD and TCM occurrence, and HLD and TCM outcomes. A retrospec-
tive study of 6837 TCM patients found that HLD was associated with
the higher odds of developing TCM after adjusting for comorbidity
(p < .05).23 The impact of HLD on the prognosis of TCM patients is
yet to be determined. In a retrospective cohort study, HLD-TCM
group had lower rates of in-hospital mortality (1.1% vs. 2.4%,
p = .027), acute respiratory failure (9.1% vs. 12.1%, p = .022) and car-
diogenic shock (3.4% vs. 5.6%, p = .012), shorter length of stay (3.20
+3.27 vs. 357 +£3.14days, p = .005), and lower total charges
(p = .013) compared to non-HLD-TCM group.3! However, another
study using the same database, found HLD was not associated with
the in-hospital mortality in TCM patients though the mortality rate in
each group was not reported (p = .147).32 The current research on
HLD and TCM is still minimal, further research is needed.

3.4 | Obesity

Nearly 9.7% of TCM patients are obese, defined as body mass index over
30 kg/m?232 The available studies on the prognostic impact of obesity on
TCM patients are limited and summarized as below. (Table 1).

In a retrospective cohort study of 1140 TCM patients, obese
TCM patients were more likely to have major complications, such as
acute myocardial infarction (9.0% vs. 7.4%, p = .04), cardiac arrest
(2.3% vs. 0.4%, p <.001), and cardiogenic shock (4.3% vs. 3.2%,
p = .03), although there was no significant difference in all-cause hos-
pital mortality, length of stay, and hospitalization expenses (p > .05).3%
Counterintuitively, another retrospective study of 5997 TCM patients
revealed that obesity predict a lower 1-month readmission rate
(OR:0.71, 95%Cl:0.52-0.96).3*

3.5 | Chronic kidney disease

CKD is also common in TCM patients, with 6.7% TCM patients carry-
ing this diagnosis, according to a large retrospective study of 24 595
patients.®> Among CKD-TCM patients, the creatine kinase (806.6
1590 vs. 269.8+312.7 IU/L, p<.001), fibrinogen (4.81+24
vs. 3.803 £ 1.02 g/L, p = .03) and C-reactive protein level (55.8 +
78.6 vs. 21.6+23.7 mg/L, p = .03) are significantly higher.3¢
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Atrial fibrillation (13.3% vs. 1.54%, p = .02) and prolonged QTc
(486.4 + 38.8 vs. 462.8 + 37.3 ms, p = .007) were also observed more
frequently in CKD-TCM patients.>®

Current retrospective studies suggest that pre-existing CKD is not
associated with in-patient mortality difference in TCM patients, though
the long-term mortality might be higher in CKD-TCM patients compared
to TCM patients without CKD. A retrospective study of 24 595 TCM
patients found no statistical significance in the inpatient mortality
between TCM patients with advanced CKD (eGFR<60 ml/min/1.73 m?)
and those advanced CKD (eGFR>60 ml/min/1.73 m?)
(p = .269).3° Another retrospective study of 95 TCM patients further
illustrated the lack of in hospital mortality (p = .42) and 1-year mortality
difference (p = .72) in CKD-TCM group compared to non-CKD-TCM
group. The 3 years mortality was significantly higher in CKD-TCM group
(33.3% vs. 15.4%, p = .047).3¢

TCM patients with CKD are more likely to have inpatient complica-
tions (Table 1). In a retrospective study of 61 TCM patients, CKD-TCM
patients were more likely to have inpatient complications, including all-

without

cause mortality and severe pump failure, than non-CKD-TCM patients
(HR:2.49, 95%Cl:1.01-5.98).3” A multicenter observational study also
showed that CKD was an independent predictor of hospital complica-
tions, such as acute heart failure and atrial fibrillation, in TCM (OR:7.99,
95%Cl:1.39-45.79, p = .02).%® Another retrospective study of 24 595
TCM patients suggested that TCM patients with advanced CKD had a
higher risk of acute kidney injury (AKI) (44.96% vs. 22.73%, p < .0001).
The length of hospital stay was also more prolonged in advanced CKD
patients (OR:1.12, 95%Cl:1.03-1.22, p = .01),%° which is again demon-
strated in another retrospective study of 219 TCM patients (20 + 25
vs. 13 + 15 days, p = .024).%?

3.6 | Gender

TCM patients are predominantly postmenopausal women.¢4°=42 The
ratio of women to men in TCM patients is approximately 9:1 (89.8%-
91.7% female).'®*143 Rarely, in pediatric population, the study avail-
able did not show similar gender distribution (52.9% female).**
Women have a high tendency to develop TCM, but inpatient
morbidity in male TCM patients is higher (77% vs. 17%, p < .01).4°
Consistent research results point to a higher the inpatient mortality in
males (Table 1). The rate of inpatient mortality in men was almost four
times than that of women in a retrospective study (3.7% vs. 1.1%,
p < .001).** Similarly, another study of 82 TCM patients by Sobue Y
et al. showed that being men was an independent predictors of hospi-
tal mortality in TCM patients (HR:11.9, 95%Cl:2.43-58.5, p = .002).%¢
A larger study of 1750 TCM patients indicated that men had a higher
risk than women of major adverse cardiovascular and cerebrovascular
events within 30 days after admission (13.7% vs. 6.3%, p = .002).4% A
similar finding was indicated in a study of 368 TCM patients which
indicated that men were independent predictors of adverse composite
cardiac events, including cardiovascular death, severe pump failure,
and severe ventricular arrhythmia (OR:4.32, 95%Cl:1.41-13.6,
p = .011).*” One possible explanation of this phenomenon is that men

with TCM are more commonly affected by physical stress.*® The
study by Sobue Y et al. also found that the inpatient mortality rate of
TCM patients with physical stress was higher than that of patients
without physical triggers (20.9% vs. 2.6%, p = .007).¢

3.7 | Age

In TCM, men in general (50-72 years) are younger than women
(70-76 years).*”*® TCM cases have been reported in children,*’ and
even in a premature neonate born in the 28th gestational week.>° In
addition, women are significantly more likely to develop TCM after
55 years of age. This is demonstrated in a retrospective study by
Deshmukh et al, where women older than 55 years were 4.8 times
more likely to develop TCM than women younger than 55.1%

Limited studies have conducted to look at age's influence on the
TCM mortality, and the current evidence available is yet to generate a
consensus on this matter (Table 1). A prospective study with on aver-
age 5.8-year follow-up showed that increased age was an indepen-
dent predictor of TCM mortality (HR:1.059, 95%Cl:1.037-1.081,
p < .001).>* The sample size of the study was 265. Another retrospec-
tive study of 114 TCM patients showed no statistically significant
association between the long-term TCM mortality and age difference
(p = .60). The mean follow up time was 1591 days.>?

Younger patients are prone to have more complications, as com-
pared to older age group. A retrospective study of 40 326 TCM
patients showed the younger group was more likely to suffer from
cardiogenic shock (11.9% vs. 4.8% vs. 3.4%, p < .001), cardiac arrest
(3.3% vs. 1.1% vs. 0.8%, p < .001), and ventricular arrhythmia (6.8%
vs. 3.2% vs. 3.5%, p <.001), compared with the middle-aged group
and the elderly group. The young, middle-age, and elderly group were
defined by age no more than 50 year-old, age 51-74 year-old, and
age no less than 75 year-old respectively. Young age was indepen-
dently associated with risk of cardiac arrest (OR:2.92, 95% Cl:2.33-
3.63), and ventricular arrhythmias (OR:2.09, 95% Cl:1.81-2.43).>3

4 | CONCLUSION

Primarily manifested as ACS, TCM shares the conventional cardiovas-
cular risk factors, similar to the other major cardiovascular events. The
risk factors include but are not limited to HTN, DM, HLD, obesity,
CKD, gender, and age. The impact of conventional cardiovascular risk
factors on the mortality and complications of TCM is largely
undefined, owing to the limited large sample sized studies available.
Through our literature review, we found that conventional cardiovas-
cular factors as stated above were relatively common in TCM. There
are obvious gender differences in TCM patients as the majority of
patients are post-menopausal women. Male patients and younger
patients are less common, but they are more prone to acute adverse
complications and have a poor prognosis. HTN is more prevalent in
recurrent TCM patients. The existing research indicated that obesity

and CKD are related with a poor prognosis of TCM. On contrary, HLD



LIANG ET AL.

was noted to be associated with less complications in TCM patients,

though current evidence is limited. Lastly, DM poses unclear associa-

tions with TCM prognosis. More high quality, large sample size studies

are required to further clarify each risk factor's association with TCM

short-term and long-term outcomes.
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