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as very low, and TTS was considered as a benign disorder, 
but it has now been found that mortality and severe 
complications due to TTS are similar to those of ACS.1,7

Moreover, the relationship between TTS outcome and 
trigger has been recently reported from Western countries, 
but such data still remain limited, and there are no data 
available from Japan.8,9 Therefore, the aim of this study 
was to investigate the relationship between the outcome of 
TTS and the trigger.

Methods
Subjects
Data from the Tokyo Cardiovascular Care Unit (CCU) 
Network registry between 2010 and 2015 were analyzed. 
The Tokyo CCU Network is a well-organized network for 
acute cardiovascular care, consisting of 71 cardiovascular 

T akotsubo syndrome (TTS) is an acute cardiac syn-
drome characterized by transient reversible systolic 
dysfunction of the left ventricle (LV) in the absence 

of culprit coronary artery disease (CAD).1 Since its first 
description in Japan in 1990, TTS has been acknowledged 
worldwide and diagnosed in approximately 2% of patients 
with suspected acute coronary syndrome (ACS) on troponin 
elevation.2,3 Emotional or physical triggers can precede 
TTS, although this is not vital.4 Such triggers induce the 
pathogenesis of TTS, wherein the potential role of excess 
catecholamine has long been debated.5 Early in the study of 
TTS, emotional triggers were reported as mainly preceding 
TTS, but subsequent studies have clarified that physical 
triggers also significantly precede TTS. Moreover, TTS can 
occur even without a trigger.4

The recognition of mortality due to TTS has also 
changed.6 Mortality due to TTS had been initially reported 
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Background: The relationship between outcome and trigger in takotsubo syndrome (TTS) has been recently discussed, but the 
data are still limited.

Methods and Results: We enrolled 745 consecutive patients with TTS from the Tokyo Cardiovascular Care Unit Network registry. 
The patients were divided into 4 groups based on trigger: (1) medical illness, 202 (27%); (2) physical activity, trauma and injury, 54 
(7%); (3) emotional trigger, 199 (27%); and (4) unidentifiable trigger, 290 (39%). Compared with other groups, the medical illness 
group had the lowest percentage of female patients (68%, 85%, 89%, and 79%, respectively; P<0.001) and the highest mean patient 
age (75±11 years, 72±11, 73±12, and 75±11 years, respectively; P=0.02). In-hospital all-cause mortality was higher (11%) in this 
group (0%, 2%, and 2%, respectively; P<0.001). On multivariate logistic regression analysis, the medical illness group independently 
predicted all-cause death (OR, 4.73; 95% CI: 1.33–16.87); although there was no significant difference in cardiac deaths between 
the 4 groups.

Conclusions: TTS has a wide spectrum of outcome depending on the trigger. The medical illness trigger was a powerful predictor 
of outcome but the main cause of death is not cardiac complication.
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heart rate (HR) >100 beats/min in the emergency room.14 
Respiratory support was defined as mechanical ventilation 
or non-invasive positive-pressure ventilation. Data on LV 
ejection fraction (LVEF) were obtained from transthoracic 
echocardiogram on admission and reduced EF was defined 
as LVEF <40%.15 Data on CAD were obtained from CAG 
based on narrowing of the lumen diameter in a major 
epicardial artery or one of its major branches (≥75% for 
left anterior descending artery, left circumflex artery, right 
coronary artery, or left main trunk). Type of TTS was 
diagnosed on left ventriculography and transthoracic 
echocardiogram.

We divided the patients into 4 groups according to TTS 
trigger (Figure 1).16,17 In the first group (medical illness 
group) TTS was precipitated by internal medical illness, 
and was not related to physical activity (e.g., snow shoveling 
or sports), trauma or injury. In this first group, we diag-
nosed the medical illness as the primary trigger according 
to the patient’s history, and further classified the trigger 
into the following subgroups: central nervous system, 
cardiovascular, respiratory, gastrointestinal, hematologic, 
endocrine and metabolic, allergic, otolaryngologic, uro-
logical, and gynecologic dysfunction. In the second group 
(physical activity, trauma and injury group) TTS was 
precipitated by physical activity (e.g., snow shoveling or 
sports), trauma or injury, and was not related to internal 
medical illness conditions. In the third group (emotional 
trigger group) TTS was precipitated by stressful emotional 
events such as anger/frustration, grief/loss, panic/fear/
anxiety; and the last group (unidentifiable trigger group) 
had TTS without any precipitating events. When patients 
had ≥2 trigger types, they were categorized based on the 
main trigger selected by the attending physician.

centers in the metropolitan area of Japan, in collaboration 
with the Tokyo Fire Department. The registry was regis-
tered under the University Hospital Medical Information 
Network Clinical Trials Registry (UMIN000013128) and 
is described in detail in another study.10 Since the establish-
ment of the Takotsubo Cardiomyopathy Study Group of 
the Tokyo CCU Network Scientific Committee in 2010, 
inpatient data on TTS were collected retrospectively 
between 2010 and 2012. Since 2013, inpatient data on TTS 
have been collected prospectively. Diagnoses were made 
based on modified Mayo Clinic criteria by individual 
physicians at each hospital.11 Patients were excluded if 
either they did not undergo coronary angiography (CAG) 
or they had missing data on the trigger.

The requirement of informed consent was waived because 
all data were anonymized. Ethics approval was obtained 
from the institutional review board of the Tokyo CCU 
Network Scientific Committee (approval no. 16-002), and 
the study design conformed to the principles of the Decla-
ration of Helsinki.

Patient Characteristics vs. TTS Trigger
The following data were collected from uniform case report 
databases: age, sex, body mass index (BMI) on admission, 
place of onset, comorbidity, type of TTS, trigger of TTS, 
coexistence of coronary stenosis with TTS, vital signs, 
shock on arrival, respiratory support, Killip class, length 
of hospital stay, and laboratory data on admission. Brain 
natriuretic peptide (BNP) or N-terminal prohormone of 
BNP (NTproBNP) were evaluated based on the upper limit 
of normal.1 Renal dysfunction was defined as estimated 
glomerular filtration rate <60 mL/min/1.73 m2.12 Shock on 
arrival was defined as systolic blood pressure (SBP) 
<90 mmHg,13 and tachycardia on arrival was defined as 

Figure 1.  Flow diagram of patient selection and takotsubo syndrome (TTS) trigger groups. CAG, coronary angiography.
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Table 1. Subject Characteristics vs. TTS Trigger

Medical illness 
(n=202)

Physical activity, 
trauma and injury 

(n=54)

Emotional trigger 
(n=199)

Unidentifiable 
trigger (n=290) P-value

Age (years) 75±11 (n=202) 75±11 (n=54) 72±11 (n=199) 73±12 (n=290) 0.02

Age >75 years 117/202 (58)　　 28/54 (52) 83/199 (42) 152/290 (52) 0.01

Female 138/202 (68)　　 46/54 (85) 178/199 (89) 229/290 (79) <0.001

BMI (kg/m2)   20±4 (n=179)   22±4 (n=49)   21±4 (n=185)   21±4 (n=278) 0.01

Comorbidity/prior history

  Hypertension† 47/108 (44) 11/21 (52) 75/150 (50) 99/181 (55) 0.33

  Diabetes mellitus† 23/108 (21) 0/21 (0) 19/150 (13) 36/181 (20) 0.03

  Dyslipidemia† 23/108 (21)   4/21 (19) 40/150 (27) 57/181 (32) 0.23

  Hyperuricemia† 4/108 (4) 1/21 (5) 6/150 (4) 7/181 (4) 1.00

  PAD† 1/108 (1) 0/21 (0) 0/150 (0) 2/181 (1) 0.61

  Renal dysfunction‡‡‡ 86/188 (46) 13/52 (25) 45/188 (24) 106/274 (39)　　 <0.001

  OMI† 2/108 (2) 0/21 (0) 3/150 (2) 4/181 (2) 0.92

  Post-PCI† 1/108 (1) 0/21 (0) 3/150 (2) 7/181 (4) 0.35

  Post-CABG† 0/108 (0) 0/21 (0) 0/150 (0) 3/181 (2) 0.20

  Smoking† 34/105 (32)   3/19 (16) 29/145 (20) 51/177 (29) 0.08

  In-hospital onset† 37/108 (34)   5/22 (23) 12/152 (8)　　 17/182 (9)　　 <0.001

Type of TTS 0.87

  Apical 184/200 (92)　　 50/54 (93) 179/197 (91)　　 261/288 (91)　　
  Mid 10/200 (5)　　 1/54 (2) 11/197 (6)　　 16/288 (6)　　
  Basal 2/200 (1) 1/54 (2) 5/197 (3) 6/288 (2)

  Other 4/200 (2) 2/54 (4) 2/197 (1) 5/288 (2)

Killip class 0.15

  I 97/150 (65) 34/47 (72) 107/135 (79)　　 161/204 (79)　　
  II 30/150 (20)   7/47 (15) 15/135 (11) 28/204 (14)

  III 12/150 (8)　　 4/47 (9) 8/135 (6) 8/204 (4)

  IV 11/150 (7)　　 2/47 (4) 5/135 (4) 7/204 (3)

Coexisting CAD‡,††   10/77 (13)   6/29 (21)   1/43 (2) 10/102 (10) 0.08

ST elevation 133/201 (66)　　 41/53 (77) 140/196 (71)　　 194/285 (68)　　 0.37

Respiratory support 21/202 (10) 5/54 (7) 12/199 (6)　　 11/290 (4)　　 0.03

Shock on arrival§§ 22/201 (11) 2/52 (4) 9/197 (5) 11/282 (4)　　   0.007

HR (beats/min) 96±24 (n=198) 87±22 (n=53) 86±20 (n=194) 88±22 (n=280) <0.001

Tachycardia on arrival¶¶ 83/198 (42) 12/53 (23) 40/194 (21) 69/280 (25) <0.001

SBP (mmHg) 127±32  
(n=201)

145±32  
(n=52)

136±29  
(n=196)

135±31  
(n=281)

  0.001

DBP (mmHg) 76±20 (n=201) 83±19 (n=52) 81±18 (n=196) 77±19 (n=281) 0.01

SpO2 (%)   96±5 (n=192)   96±5 (n=51)   97±8 (n=190)   96±9 (n=276) 0.56

WBC (/μL)‡‡ 10,570±5,528  
(n=199)

9,548±3,391  
(n=51)

8,273±3,901  
(n=194)

8,636±3,460  
(n=289)

<0.001

CRP (mg/dL)‡‡ 5.0±6.6  
(n=200)

1.7±2.7  
(n=52)

1.2±3.2  
(n=195)

1.3±2.9  
(n=284)

<0.001

BNP/NTproBNP (ULN)§,‡‡ 24±25 (n=139) 21±27 (n=41) 16±21 (n=148) 18±25 (n=222) 0.05

CK (IU/L)‡‡ 97 (32–203)  
(n=166)

91 (30–220)  
(n=41)

120 (68–192)  
(n=182)

119 (60–196)  
(n=257)

0.29

TTE LVEF (%)¶ 47 (40–57)  
(n=129)

55 (47–63)  
(n=28)

54 (43–63)  
(n=132)

52 (42–62)  
(n=227)

0.01

Reduced EF††† 36/129 (28)   3/28 (11) 28/132 (21) 41/227 (18) 0.08

Length of hospitalization (days) 11 (6–17)  
(n=157)

11 (7–19)  
(n=44)

9 (6–13)  
(n=184)

10 (7–14)  
(n=271)

  0.006

Data given as mean ± SD, median (IQR) or n (%). †Data unavailable for TTS patients between 2010 and 2012. ‡Data unavailable for TTS 
patients between 2013 and 2014. §Ratio of BNP or NTproBNP to the ULN. ¶TTE LVEF data obtained from echocardiography on admission. 
††≥75% narrowing of the lumen diameter in a major epicardial artery or 1 of its major branches. ‡‡Measured on admission. §§SBP <90 mmHg in 
the emergency room. ¶¶HR >100 beats/min in the emergency room. †††LVEF <40%. ‡‡‡eGFR <60 mL/min/1.73 m2. BMI, body mass index; BNP, 
brain natriuretic peptide; CABG, coronary artery bypass graft; CAD, coronary artery disease; CK, creatine kinase; CRP, C-reactive protein; 
DBP, diastolic blood pressure; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HR, heart rate; LVEF, left ventricular ejection 
fraction; NTproBNP, N-terminal prohormone of brain natriuretic peptide; OMI, old myocardial infarction; PAD, peripheral artery disease; PCI, 
percutaneous coronary intervention; SBP, systolic blood pressure; SpO2, saturation of percutaneous oxygen; TTE, transthoracic echocardiogram; 
TTS, takotsubo syndrome; ULN, upper limit of normal; WBC, white blood cell.
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Due to missing values in multiple logistic regression 
analysis, multiple imputation by multivariate normal regres-
sion method was performed, and thus, multiple logistic 
regression analysis was conducted using the imputation 
dataset.

Adjusted OR and 95% CI were estimated using logistic 
regression models. All statistical analyses were performed 
using SPSS Statistics 23.0 (IBM, Armonk, NY, USA) and 
Stata 14 (Stata Corp., College Station, TX, USA), and a 
2-sided P<0.05 was considered statistically significant.

Results
Patients
Between 2010 and 2015, 951 consecutive patients with TTS 
were admitted to the cardiovascular centers of the Tokyo 
CCU Network. Of these, 745 were eligible for inclusion in 
the study (Figure 1). Mean age was 73±11 years, and 79% 
were women. Medical illness as the trigger was identified in 
202 patients (27%), and physical activity, trauma and injury 
in 54 patients (7%). An emotional trigger was present in 
199 patients (27%), and TTS occurred without any precipi-
tating events (unidentifiable trigger) in 290 patients (39%).

Patient baseline characteristics are listed in Table 1. The 
medical illness group had the lowest proportion of female 
patients (138, 68%) of the 4 groups (physical activity, 
trauma and injury group, n=46, 85%; emotional trigger 
group, n=178, 89%; and unidentifiable trigger group, 
n=229, 79%; P<0.001). The medical illness group and 
physical activity, trauma and injury group had older 
patients (75±11 years) than the other groups (emotional 
trigger group, 72±11 years, and unidentifiable trigger group, 

Outcomes
We determined in-hospital all-cause death and cardiac 
death according to the definition of the American College 
of Cardiology Foundation/American Heart Association.18

Cardiac death was defined as death from heart failure, 
myocardial infarction (MI), sudden cardiac death, or other 
cardiac death. Non-cardiac death was defined as death 
other than cardiac death, and details of the cause of death 
were recorded individually.

Statistical Analysis
Continuous variables are presented as mean ± SD or median 
(IQR), and categorical variables as n (%). Categorical 
variables were assessed using the chi-squared test. Con-
tinuous variables were compared using Student’s t-test or 
the Mann-Whitney U-test for analysis between 2 groups, 
or the 1-way analysis of variance or Kruskal-Wallis test for 
analysis between 3 or more groups. Post-hoc test with 
Bonferroni correction was performed to detect the differ-
ence between 2 groups after analysis of variance between 3 
or more groups. Multiple logistic regression analysis was 
performed to determine whether the trigger was indepen-
dently associated with all-cause death and cardiac death. 
Age, sex, and other variables with P<0.20 on univariate 
analysis, such as renal dysfunction, shock on arrival, 
tachycardia on arrival, reduced EF, creatine kinase (CK), 
white blood cell (WBC) count, and BNP/NTproBNP, were 
included in a multiple logistic regression model. The 
selection of variables for univariate analysis was based on 
clinical importance and on previous studies.1,6,10,19,20 Data 
on WBC, CK and BNP/NTproBNP were divided into 3 
groups based on tertiles.

Figure 2.  Univariate evaluation of in-hospital outcome of takotsubo syndrome according to trigger group. Between-group P-values 
calculated using post-hoc test.
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illness group was an independent predictor of all-cause 
death, but not an independent predictor of cardiac death 
(Table 2). In addition, shock on arrival emerged as an 
independent predictor of both all-cause and cardiac death. 
Even when the multiple logistic regression analysis was 
performed using the dataset without multiple imputation, 
the medical illness group was still an independent predictor 
of all-cause death but not an independent predictor of 
cardiac death (Table 2). In addition, reduced EF emerged 
as an independent predictor of all-cause death.

Discussion
The present study has demonstrated different types of 
trigger and highlighted the crucial relationship between 
medical illness and mortality in patients with TTS, using 
data from a multicenter registry. The present study is the 
first report from Japan on the relationship between TTS 
outcome and trigger. Intriguingly, the present all-cause 
mortality in the medical illness group was higher than that 
of ST-elevation MI in a previous study.21 The present 
medical illness group also had the highest proportion of 
male patients compared with the other groups, which is 
clearly different from the general presentation of TTS.1,3 
Notably, medical illness was the strongest independent 
variable of mortality on multivariate analysis, and the main 
cause of death was non-cardiac death. This shows that the 
poor prognosis of TTS patients was not mainly due to 
cardiovascular complications but due to their underlying 
trigger medical conditions. We also noted a high prevalence 
of TTS even without any evidence of precipitating trigger. 
Moreover, the unidentifiable trigger group, together with 
the emotional trigger group and the physical activity, 
trauma and injury group, had favorable outcomes.

In a recent investigation, TTS began to be recognized 
as a non-benign disorder.19 The spectrum of TTS is wide 
and ranges from low to very high risk depending on the 
individual. This is because TTS potentially includes a wide 
range of pathologies and underlying mechanisms.1,22 Thus 
far, the triggers have generally been classified as emotional 
or physical. The presence of a physical trigger has also 
been reported to predict a higher incidence of worse 
outcomes.1,4,8,19 For the purposes of determining the rela-
tionship between TTS prognosis and trigger, however, 
categorization of TTS trigger into only the 2 groups of 
“physical” and “emotional” is insufficient because the 
baseline characteristics of TTS and its underlying trigger 
stress are multifactorial. Therefore, to distinguish the 
high-risk group, we categorized patients with TTS into 4 
groups, as described. Subsequently, we were able to identify 
the group with the worst prognosis out of the 4. The present 
finding of medical illness as the main predictor of mortality 
is corroborated by a previous study that used data from 
the National Inpatient Sample (NIS) database in the USA.23 
In that study, TTS triggered by critical illness tended to 
occur in male patients, with a mortality rate of up to 12%;23 
a potential limitation of that study, however, was that the 
diagnosis was made based on the NIS database. In contrast, 
in the study, we assure the validity of mortality data from 
our registry, where all patients were diagnosed on CAG, 
and details of the triggers were evaluated. The present 
results are consistent with those of a recent study showing 
that physical trigger was a risk factor not only for TTS in 
the first 30 days but also for long-term outcomes of TTS, 
based on the viewpoint that medical illness as trigger is a 

73±12 years; P=0.02). The medical illness group was also 
more likely to have low BMI and a history of diabetes 
mellitus. According to Table 1, the type of TTS and Killip 
class were similar in all groups. Meanwhile, the medical 
illness group had increased BNP/NTproBNP, WBC, and 
CRP; decreased LVEF; higher HR; and lower SBP/diastolic 
blood pressure. The medical illness group also had the 
highest number of patients with respiratory support (n=21, 
10%) of the 4 groups (physical activity, trauma and injury 
group, n=5, 7%; emotional trigger group, n=12, 6%; and 
unidentifiable trigger group, n=11, 4%; P=0.03). Moreover, 
shock on arrival was most common (22, 11%) in the medical 
illness group compared with the other groups (physical 
activity, trauma and injury group, n=2, 4%; emotional 
trigger group, n=9, 5%; and unidentifiable trigger group, 
n=11, 4%; P=0.007). The number of patients presenting 
with in-hospital onset of TTS was the highest in the medical 
illness group (37 patients, 34%), followed by the physical 
activity, trauma and injury group (5 patients, 23%), uniden-
tifiable trigger group (17 patients, 9%), and emotional 
trigger group (12 patients, 8%; P<0.001, Table 1).

Clinical Course and Outcomes
Length of hospitalization was 11 days (IQR, 6–17) in the 
medical illness group, 11 days (IQR, 7–19) in the physical 
activity, trauma and injury group, 9 days (IQR, 6–13) in 
the emotional trigger group, and 10 days (IQR, 7–14) in 
the unidentifiable trigger group (P=0.006; Table 1). Figure 2 
shows the univariate evaluation of in-hospital outcome. 
All-cause mortality was higher in the medical illness group 
(n=22, 11%) than in the other groups (physical activity, 
trauma and injury group, n=0, 0%; emotional trigger 
group, n=3, 2%; and unidentifiable trigger group, n=5, 2%; 
P<0.001). Post-hoc test results are also shown in Figure 2. 
Meanwhile, there was no significant difference in cardiac 
deaths between the groups (medical illness group, n=4, 2%; 
physical activity, trauma and injury group, n=0, 0%; 
emotional trigger group, n=3, 2%; and unidentifiable trigger 
group, n=3, 1%; P=0.66). A total of 18 (9%) non-cardiac 
deaths occurred in the medical illness group, 0 (0%) in the 
physical activity, trauma and injury group, 0 (0%) in the 
emotional trigger group, and 2 (1%) in the unidentifiable 
trigger group (P<0.001).

Details of cause of cardiac death and non-cardiac death 
by patient group are listed in Supplementary Tables 1,2. 
Causes of cardiac death in the medical illness group included 
heart failure 3/201 (2%), and MI 1/201 (0.5%), while the 
cause of cardiac death in the unidentifiable trigger group 
was heart failure 3/287 (1%).

Causes of non-cardiac death in the medical illness group 
included pneumonia (n=6, 3%), sepsis (n=4, 2%), cerebral 
infarction (n=1, 0.5%), cerebral hemorrhage (n=1, 0.5%), 
multiple organ failure (n=1, 0.5%), subarachnoid hemor-
rhage (n=1, 0.5%), acute cholangitis (n=1, 0.5%), and 
malignant tumor (n=1, 0.5%), while the causes of non-
cardiac death in the unidentifiable trigger group included 
sepsis (n=1, 0.3%) and cerebral infarction (n=1, 0.3%). On 
subanalysis of the medical illness group, all-cause mortality 
tended to be higher for respiratory disease (n=7, 14%), 
although this was not statistically significant (P=0.88; 
Supplementary Table 3). Additionally, no significant differ-
ences were found between medical illness subgroups for 
cardiac death (P=0.84; Supplementary Table 2). On evalua-
tion of in-hospital outcomes with multiple logistic regression 
analysis using the multiple imputation dataset, medical 
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Table 2. Predictors of All-Cause Death and Cardiac Death in TTS Patients

Variables
Univariate§ Multivariate (n=740)

OR (95% CI) P-value OR (95% CI) P-value

Predictors of all-cause death using the imputation dataset

  Trigger

    Emotional trigger 1.00 (Ref.) 1.00 (Ref.)

    Medical illness   8.03 (2.36–27.29)   0.001   　4.73 (1.33–16.87)* 0.02

    Physical activity, trauma and injury – –

    Unidentifiable trigger 1.16 (0.27–4.90) 0.84 0.96 (0.22–4.18) 0.96

    Age >75 years 2.33 (1.05–5.17) 0.04 1.82 (0.77–4.24) 0.17

    Male sex 2.67 (1.26–5.66) 0.01 1.90 (0.73–4.33) 1.52

    Renal dysfunction§§ 3.21 (1.45–7.12)   0.004 2.09 (0.90–4.86) 0.09

    Shock on arrival¶   5.68 (2.28–14.16) <0.001   　3.67 (1.34–10.04)* 0.01

    Tachycardia on arrival†† 2.67 (1.28–5.57)   0.009 1.53 (0.69–3.40) 0.3　　
    Reduced EF‡‡   3.98 (1.54–10.29)   0.004 2.46 (0.91–6.66) 0.08

  CK, <83, 83–190, >190 IU/L¶¶

    <83 IU/L 1.00 (Ref.) NA

    83–190 IU/L 0.40 (0.14–1.16) 0.92 NA

    >190 IU/L 0.84 (0.35–1.98) 0.69 NA

  WBC, <6,801, 6,801–10,000, >10,000 IU/L¶¶

    <6,800 IU/L 1.00 (Ref.) NA

    6,800–10,000 IU/L 0.81 (0.31–2.09) 0.66 NA

    >10,000 IU/L 1.24 (0.52–2.92) 0.63 NA

  BNP/NTproBNP, <5.3, 5.3–19.5, >19.5 ULN†,¶¶

    <5.3 ULN 1.00 (Ref.) NA

    5.3–19.5 ULN 3.60 (0.74–17.6) 0.11 NA

    >19.5 ULN 3.60 (0.74–17.6) 0.11 NA

Univariate§ Multivariate (n=740)

OR (95% CI) P-value OR (95% CI) P-value

Predictors of cardiac death using the imputation dataset

  Trigger

    Emotional trigger 1.00 (Ref.) 1.00 (Ref.)

    Medical illness 1.33 (0.29–6.01) 0.71 0.76 (0.15–3.92) 0.74

    Physical activity, trauma and injury – –

    Unidentifiable trigger 0.69 (0.14–3.46) 0.65 0.67 (0.13–3.53) 0.64

    Age >75 1.46 (0.41–5.22) 0.56 1.33 (0.36–4.91) 0.66

    Male sex 1.64 (0.42–6.43) 0.48 1.45 (0.34–6.13) 0.61

    Renal dysfunction§§ 1.08 (0.26–4.56) 0.92 NA

    Shock on arrival¶   7.07 (1.76–28.33)   0.006   　6.53 (1.52–28.11)* 0.01

    Tachycardia on arrival†† 2.57 (0.74–9.03) 0.14 2.17 (0.59–8.07) 0.25

    Reduced EF‡‡   3.81 (0.76–19.15) 0.10   2.34 (0.49–11.23) 0.29

  CK, <83, 83–190, >190 IU/L¶¶

    <83 IU/L 1.00 (Ref.) NA

    83–190 IU/L 0.66 (0.11–3.99) 0.65 NA

    >190 IU/L 1.36 (0.30–6.13) 0.69 NA

  WBC, <6,801, 6,801–10,000, >10,000 IU/L¶¶

    <6,800 IU/L 1.00 (Ref.) NA

    6,800–10,000 IU/L 1.02 (0.14–7.31) 0.98 NA

    >10,000 IU/L   3.12 (0.62–15.59) 0.17 NA

  BNP/NTproBNP, <5.3, 5.3–19.5, >19.5 ULN†,‡,¶¶

    <5.3 ULN – – NA

    5.3–19.5 ULN 1.00 (Ref.) NA

    >19.5 ULN 0.20 (0.02–1.70) 0.14 NA

(Table 2 continued the next page.)
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Variables
Univariate§ Multivariate (n=466)

OR (95% CI) P-value OR (95% CI) P-value

Predictors of all-cause death using dataset without the multiple imputation

  Underlying trigger

    Emotional trigger 1.00 (Ref.) 1.00 (Ref.)

    Medical illness   8.03 (2.36–27.29)   0.001   　5.28 (1.10–25.42)* 0.04

    Physical activity, trauma and injury – –

    Unidentifiable trigger 1.16 (0.27–4.90) 0.84 0.55 (0.07–4.04) 0.55

    Age >75 years 2.33 (1.05–5.17) 0.04 1.20 (0.42–3.44) 0.74

    Male sex 2.67 (1.26–5.66) 0.01 2.19 (0.75–6.38) 0.15

    Renal dysfunction§§ 3.21 (1.45–7.12)   0.004 1.51 (0.53–4.31) 0.44

    Shock on arrival¶   5.68 (2.28–14.16) <0.001   3.07 (0.74–12.81) 0.12

    Tachycardia on arrival†† 2.67 (1.28–5.57)   0.009 0.85 (0.28–2.56) 0.78

    Reduced EF‡‡   3.98 (1.54–10.29)   0.004 　3.10 (1.09–8.83)* 0.03

  CK, <83, 83–190, >190 IU/L¶¶

    <83 IU/L 1.00 (Ref.) NA

    83–190 IU/L 0.40 (0.14–1.16) 0.92 NA

    >190 IU/L 0.84 (0.35–1.98) 0.69 NA

  WBC, <6,801, 6,801–10,000, >10,000 IU/L¶¶

    <6,800 IU/L 1.00 (Ref.) NA

    6,800–10,000 IU/L 0.81 (0.31–2.09) 0.66 NA

    >10,000 IU/L 1.24 (0.52–2.92) 0.63 NA

  BNP/NTproBNP, <5.3, 5.3–19.5, >19.5 ULN†,¶¶

    <5.3 ULN 1.00 (Ref.) NA

    5.3–19.5 ULN 3.60 (0.74–17.6) 0.11 NA

    >19.5 ULN 3.60 (0.74–17.6) 0.11 NA

Univariate§ Multivariate (n=498)

OR (95% CI) P-value OR (95% CI) P-value

Predictors of cardiac death using dataset without the multiple imputation

  Trigger

    Emotional trigger 1.00 (Ref.) 1.00 (Ref.)

    Medical illness 1.33 (0.29–6.01) 0.71 0.56 (0.07–4.67) 0.60

    Physical activity, trauma and injury – –

    Unidentifiable trigger 0.69 (0.14–3.46) 0.65  0.49 (0.0.6–3.83) 0.50

    Age >75 1.46 (0.41–5.22) 0.56 1.07 (0.21–5.56) 0.94

    Male sex 1.64 (0.42–6.43) 0.48   4.17 (0.76–22.93) 0.10

    Renal dysfunction§§ 1.08 (0.26–4.56) 0.92 NA

    Shock on arrival¶   7.07 (1.76–28.33)   0.006   2.93 (0.31–27.86) 0.35

    Tachycardia on arrival†† 2.57 (0.74–9.03) 0.14 1.28 (0.22–7.50) 0.79

    Reduced EF‡‡   3.81 (0.76–19.15) 0.10   3.37 (0.66–17.29) 0.15

  CK, <83, 83–190, >190 IU/L¶¶

    <83 IU/L 1.00 (Ref.) NA

    83–190 IU/L 0.66 (0.11–3.99) 0.65 NA

    >190 IU/L 1.36 (0.30–6.13) 0.69 NA

  WBC, <6,801, 6,801–10,000, >10,000 IU/L¶¶

    <6,800 IU/L 1.00 (Ref.) NA

    6,800–10,000 IU/L 1.02 (0.14–7.31) 0.98 NA

    >10,000 IU/L   3.12 (0.62–15.59) 0.17 NA

  BNP/NTproBNP, <5.3, 5.3–19.5, >19.5 ULN†,‡,¶¶

    <5.3 ULN – – NA

    5.3–19.5 ULN 1.00 (Ref.) NA

    >19.5 ULN 0.20 (0.02–1.70) 0.14 NA

*P<0.05 (multivariate analysis). †Ratio of BNP or NTproBNP to ULN. ‡5.3–19.5 chosen as the reference in the univariate analysis of BNP/
NTproBNP in cardiac death because there was no event in BNP/NTproBNP <5.3. §Selection of variables based on clinical importance and on 
previous studies.1,6,10,19,20 ¶SBP <90 mmHg in the emergency room. ††HR >100 beats/min in the emergency room. ‡‡LVEF <40%. §§eGFR 
<60 mL/min/1.73 m2. ¶¶Tertiles calculated in the analysis. NA, not applicable. Other abbreviations as in Table 1.
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