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Background: In the cause of increase the clinical research observational evidence on type 2 myocardial 
infraction (T2MI), the study compared the characteristics of T2MI and T1MI with respect to major adverse 
cardiac events (MACE) and mortality as long-term outcomes from a large, nationwide, prospective Korean 
cohort registry.
Methods: From 13,105 consecutively enrolled individuals in the Korea Acute Myocardial Infarction-
National Institute of Health (KAMIR-NIH) registry between October 2011 and December 2015, 11,053 
acute myocardial infarction (AMI) patients were divided into the T1MI (n=10,545) and T2MI (n=508) 
groups. All patients completed ≥3 years of follow-up. 
Results: The Kaplan-Meier curve analysis and Cox proportional hazard regression models showed that the 
cumulative rate of MACE was similar between the 2 groups (11.4% vs. 13.4%, log-rank P=0.185) at 3 years. 
However, the T2MI group showed higher rates of all-cause death [12.6% vs. 9.4%, log-rank P=0.019; hazard 
ratio (HR), 1.42; 95% CI: 1.08–1.85; P=0.012] and non-cardiac death (3.5% vs. 5.3%, log-rank P=0.043; 
HR, 1.55; 95% CI: 1.01–2.37; P=0.043) than the T1MI group. Male sex (HR 1.540; 95% CI: 1.218–1.947, 
P<0.001), old age (≥65 years; HR, 3.546; 95% CI: 2.645–4.753, P<0.001), low hemoglobin level (<12 g/dL;  
HR, 2.335; 95% CI: 1.841–2.961, P<0.001), high heart rate (>100 beats/min; HR, 1.852; 95% CI: 
1.436–2.388, P<0.001), low glomerular filtration rate (GFR) (<60 mL/min/1.73 m2; HR, 2.373; 95% CI: 
1.874–3.005, P<0.001), high body mass index (>25 kg/m2; HR, 0.644; 95% CI: 0.514–0.805, P<0.001), and 
low left ventricular ejection fraction (LVEF) (<40%; HR, 1.487; 95% CI: 1.095–2.020, P=0.011) were the 
independent predictors for 3-year non-cardiac mortality.
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Introduction

According to the fourth universal definition in 2018, acute 
myocardial infarction (AMI) is divided into 5 types (1). 
Among them, the type 1 and type 2 myocardial infarction 
(T1MI and T2MI, respectively) are the two more common 
type MI. T1MI is due to acute atherothrombotic disease 
involving plaque rupture or erosion in the coronary artery, 
whereas T2MI is a mismatch between oxygen supply 
and demand, resulting in a relative myocardial ischemic 
state, without acute atherothrombotic plaque disruption 
(1-3). The 2 types of MI with completely different 
pathophysiologies are difficult to distinguish in the clinical 
setting because they manifest very similar chest pain 
symptoms. Even with laboratory tests, it is difficult to make 
a differential diagnosis before coronary angiography. The 
pathogenesis of T2MI is particularly complex, and the lack 
of myocardial blood supply can have many causes. Previous 
studies reported different morbidity and mortality rates. 
T2MI was reported to account for 1.6–74% of all AMI 
cases (4,5). Moreover, most study results have indicated that 
the prognosis of T2MI is not as good as that of T1MI (6-9).  
In contrast, a study in the Japanese population found no 
difference in long-term mortality between T1MI and T2MI, 
and T2MI accounted for only 5% of the study cases (10).  
The incidence of T2MI is low in epidemiological studies 
on this condition; however, these studies have limitations 
and different diagnostic criteria, judgment processes, 
detection methods with boundary values, and study 
populations. Therefore, the establishment of uniform and 
strict diagnostic criteria for T2MI is of great significance 
to the epidemiological study of this condition. Since the 
traditional concept of T2MI was first described in 2007 (11), 
there have been many improvements in the past 10 years. 
However, compared with the almost perfect treatment of 
T1MI, the results of various studies on T2MI still have 
many differences. Moreover, in clinical practice, not much 
attention is paid to distinguishing the appearance of T2MI, 

and the understanding of this disorder is not perfect, which 
directly affect the subsequent treatment plan. Accordingly, 
the long-term prognosis of T2MI and the factors affecting 
the prognosis at this stage are still unclear. Therefore, this 
study was conducted to compare the prognosis of T1MI 
and T2MI after angiography in a Korean population, and 
to investigate the main independent predictors affecting the 
prognosis.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-434/rc). 

Methods

Population and study design

The study population was selected from the Korea 
Acute Myocardial Infarction-National Institute of 
Health (KAMIR-NIH) registry between October 2011 
and December 2015. KAMIR-NIH is a nationwide 
prospective multicenter cohort registry involving 20 
tertiary hospitals with resources to perform percutaneous 
coronary intervention (PCI) in South Korea. The registry 
was designed to capture the treatment practices for and 
outcomes of patients with AMI in the real-life setting (12). 
A total of 13,105 patients were enrolled in the KAMIR-
NIH registry during the study period. Among them, we 
excluded patients with no coronary angiography (n=209), 
procedure-related PCI (n=736) or coronary artery bypass 
grafting (n=37), cardiogenic shock (n=727), or loss to follow-
up and incomplete data (n=343). Finally, the remaining 
11,053 patients with AMI who underwent angiography 
were divided into the T1MI (n=10,545) and T2MI (n=508) 
groups (Figure 1). All study patients completed the 3-year 
interviews, medical record reviews, or cell phone follow-
up for outcomes. The study design was approved by the 
institutional ethics committee.

AMI was diagnosed based on clinical manifestations, 

Conclusions: Although the 2 groups did not differ in MACE, the total mortality rate was higher in T2MI 
than in T1MI, especially non-cardiac mortality. The independent predictors for non-cardiac mortality were 
male sex, old age, anemia, low GFR, tachycardia, obesity, and low LVEF.
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elevated levels of myocardial biomarkers [including creatine 
kinase-MB and troponin (TN)-I or TN-T], and 12-
lead electrocardiogram changes (including ST-segment 
migration and pathological Q-wave development) (12). 
T1MI group was defined as the detection of an increase 
and/or a decrease in Tn-I or Tn-T values, (with at least 
one value being higher than the 99th percentile of the 
upper reference limit) and at least one of the following 
findings: AMI symptoms, new ischemic changes on 
echocardiography, pathological Q-wave development, 
new loss of viable myocardium or new local wall motion 
abnormalities consistent with an ischemic etiology on 
imaging, or obvious coronary artery stenosis or total 
occlusion detected on coronary angiography (including 
intracoronary imaging) (13). The T2MI group was 

defined as patients with increased and/or decreased Tn-I 
or Tn-T values (with at least one value exceeding the 
99th percentile of the upper reference limit), evidence 
that the imbalance between myocardial oxygen supply 
and demand was not related to coronary thrombosis, and 
at least one of the following findings: AMI symptoms, 
new ischemic changes on echocardiography, pathological 
Q-wave development, new loss of viable myocardium or 
new regional wall motion abnormalities consistent with an 
ischemic etiology on imaging (1), and insignificant stenosis 
on coronary angiography. On the basis of angiography 
findings, the causes of AMI in patients with T2MI were 
coronary vasospasms (23.43%) and myocardial bridge 
(9.06%). However, 67.52% of the patients had unknown 
causes of T2MI, which possibly included idiopathic events 
(spontaneous dissection), myocardial bridge, emboli, stress-
induced, cardiomyopathy and microvascular dysfunction 
(Figure 2).

The primary outcome of this study was the occurrence 
of clinical events within 3 years, defined as all-cause death, 
cardiac death, non-cardiac death, recurrent MI, repeat 
PCI, and major adverse cardiac events (MACE; defined 
as the composite of all-cause death, recurrent MI, and 
repeat PCI). Additionally, we investigated the independent 
predictors that affect these clinical events.

Statistical analysis

Continuous variables are expressed as mean and standard 
deviation values or medians with the interquartile range 

Figure 1 Flowchart of the study patients. KAMIR-NIH, Korean Acute Myocardial Infarction Registry-National Institutes of Health; AMI, 
acute myocardial infraction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; MI, myocardial infraction.

Figure 2 Percentage chart of T2MI patients. T2MI, type 2 
myocardial infarction.

Excluded:
No coronary angiography (n=209)
Procedure-related PCI (n=736)
Procedure-related CABG (n=37)
Cardiogenic shock (n=727)
Loss to follow up and incomplete data (n=343)

KAMIR-NIH data
A total of 13,105 AMI patients

October 2011 to December 2015

Total 11,053 study patients

Type 1 MI (N=10,545) Type 2 MI (N=508)

Unknown - spontaneous 
dissection, emboli, stress-
induced, cardiomyopathy 
and microvascular 
dysfunction.

9.06%

T2Ml (n=508)

23.43%

67.52%

Myocardial bridge

Coronary vasospasms
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and were compared using the unpaired t-test or Mann-
Whitney U-test, as appropriate. All categorical variables 
are expressed as numbers and percentages and analyzed 
using the chi-square test or Fisher’s exact test. All available 
baseline clinical, laboratory, and pharmaceutical variables 
were tested. Survival analysis was performed using the 
Kaplan-Meier method and Cox proportional hazard 
regression model to compare the MACE risk. On the 
basis of the Cox proportional hazard regression models, 
significant variables with P<0.10 on univariate analysis 
were entered into the multivariate Cox regression model. 
Multivariate analysis was performed using the backward 
regression method and included old age (≥65 years), high 
heart rate (>100 beats/min), male sex, high body mass index 
(>25 kg/m2), hypertension, diabetes mellitus, dyslipidemia, 
current smoking, low estimated glomerular filtration rate 
(eGFR; <60 mL/min/1.73 m2), low hemoglobin level  
(<12 g/dL), and low left ventricular ejection fraction (LVEF; 
<40%). Multivariate Cox regression analysis was performed 
to obtain hazard ratios (HRs) and 95% confidence intervals 
(CIs) in the adjusted survival analysis.

All analyses were 2-tailed, with P<0.05 considered 
significant, and statistical analyses were performed using 
IBM-SPSS Statistics for Windows software (version 25.0; 
SPSS Inc., Chicago, IL, USA).

Ethical statement

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The institutional review 
board of all individual participating centers approved the 
study protocol, and the approval number of Chonnam 
National University Hospital was CNUH-2011-172. All 
patients enrolled completed the informed consent form.

Results

The T1MI and T2MI groups included 10,545 (95.4%) 
and 508 (4.6%) patients, respectively. The mean patient 
age was similar between the T1MI and T2MI groups 
(63.56±12.55 vs. 62.49±12.69 years, P=0.060), and 48.3% 
and 46.9% of the patients were aged ≥65 years in the 
T1MI and T2MI group, respectively. The T1MI group 
were male more often, were more likely to have a smoking 
habit and be presented with typical chest pain compared 
with the T2MI group. Moreover, the diagnosis rate of 
ST-segment elevation MI was higher in the T1MI group 
than in the T2MI group (48.6% vs. 13.8%, P<0.001). 

However, The T1MI group were more likely to have a 
history of MI, angina, and heart failure compared with the 
T2MI group. Further, the mean LVEF was lower in the 
T1MI group than in the T2MI group (52.37%±10.74% 
vs. 58.28%±11.16%, P<0.001). There were more patients 
in the T1MI group than in the T2MI group with Killip 
class III disease. However, fewer patients in the T1MI 
group than in the T2MI group had a low Killip class (I 
and II). According to laboratory findings, the mean white 
blood cell count, neutrophil cell count, platelet count, and 
hemoglobin level; total cholesterol, low-density lipoprotein 
cholesterol, and glucose levels and creatine kinase-MB, Tn-
I, and hemoglobin A1c were higher in the T1MI group 
than in the T2MI group. However, the mean lymphocyte 
cell count, high-density lipoprotein cholesterol level, GFR, 
and P2Y12 reaction units were lower in the T1MI group 
than in the T2MI group (Table 1).

In terms of coronary angiography, the frequency of 
performing the procedure for PCI/plain old balloon 
angioplasty was higher in the T1MI group than in the 
T2MI group (95.6% vs. 6.5%, P<0.001). The proportions 
of patients with multivessel disease and lesions in each of 
the target vessels (left main/left anterior descending/left 
circumflex/right coronary artery) were also higher in the 
T1MI group than in the T2MI group. A higher number of 
patients with American College of Cardiology/American 
Heart Association type 2B or C lesions and poor initial 
thrombolysis in MI flow (0/1) were found in the T1MI 
group than in the T2MI group (82.1% vs. 4.9%, P<0.001 
and 54.1% vs. 3.9%, respectively; P<0.001). Further, 
implanted stents were more prevalent in the T1MI group 
than in the T2MI group (89.6% vs. 6.3%, P<0.001), and 
about 86.8% of patients underwent placement of drug-
eluting stents in the T1MI group. With respect to medical 
therapy, aspirin (99.8% vs. 96.5%), statins (93.2% vs. 
78.0%), beta-blockers (84.9% vs. 37.6%), and angiotensin-
converting enzyme inhibitors/angiotensin II receptor 
blockers (79.9% vs. 50.2%) were used more in the T1MI 
group than in the T2MI group; however, calcium channel 
blockers (6.3% vs. 47.8%) were used less often in the T1MI 
group than in the T2MI group (Table 2).

Kaplan-Meier curve analysis and Cox proportional 
hazard regression models showed that the cumulative rate 
of all-cause death was lower in the T1MI group (n=996) 
than in the T2MI group (n=64) (9.4% vs. 12.6%, log-
rank P=0.019; HR, 1.42; 95% CI: 1.08–1.85; P=0.012). 
Moreover, non-cardiac mortality was also lower in the 
T1MI group (n=365) than in the T2MI group (n=27) (3.5% 
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Table 1 Clinical baseline and laboratory characteristics of T1MI and T2MI patients

Variables T1MI (n=10,545) T2MI (n=508) P value

Demographic

Age, year 63.56±12.55 62.49±12.69 0.060

≥65 5,094 (48.3) 238 (46.9) 0.521

Male sex 7,880 (74.7) 303 (59.6) <0.001*

BMI 24.08±3.33 23.79±3.39 0.063

Clinical symptoms

Dyspnea 2,369 (22.5) 113 (22.2) 0.907

Typical chest pain 9,264 (87.9) 411 (80.9) <0.001*

Cardiovascular risk factors 

Hypertension 5,309 (50.3) 253 (49.8) 0.811

Diabetes mellitus 2,873 (27.2) 123 (24.2) 0.133

Dyslipidemia 1,151 (10.9) 53 (10.4) 0.733

Current smoking 4,262 (40.4) 154 (30.3) <0.001*

Medical history

Myocardial infarction 101 (1.0) 14 (2.8) <0.001*

Angina 920 (8.7) 93 (18.3) <0.001*

Heart failure 112 (1.1) 19 (3.7) <0.001*

Cerebrovascular accident 690 (6.5) 30 (5.9) 0.569

Vital sign on admission

SBP, mmHg 133.60±26.11 134.14±26.57 0.650

DBP, mmHg 80.85±15.78 80.35±14.57 0.483

HR, beat/min 78.73±17.84 80.18±18.36 0.073

STEMI 5,122 (48.6) 70 (13.8) <0.001*

Killip class 0.002*

I 8,810 (83.5) 433 (85.2)

II 933 (8.8) 56 (11.0)

III 802 (7.6) 19 (3.7)

LVEF 52.37±10.74 58.28±11.16 <0.001*

Laboratory findings

WBC, 103/μL 10.36±3.82 9.35±3.99 <0.001*

Neutrophil 66.60±14.86 64.52±15.25 0.002*

Lymphocyte 24.54±12.72 25.84±12.82 0.025*

Platelet 233.78±66.49 227.55±66.74 0.039*

Hb, g/dL 13.91±2.07 13.50±1.99 <0.001*

Total cholesterol, mg/dL 181.69±45.10 169.94±53.58 <0.001*

Table 1 (continued)
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vs. 5.3%, log-rank P=0.024; HR, 1.55; 95% CI: 1.01–2.37; 
P=0.043; Figure 3 and Table 3). The non-cardiac mortality 
rate was statistically significantly different between the 2 
groups and was a key factor affecting the rate of all-cause 
mortality. Therefore, we also assessed the independent 
predictors for non-cardiac mortality. Table 4 summarizes 
the results of Cox regression multivariate analysis of the 
independent predictors for 3-year non-cardiac mortality. 
The results showed that male sex (HR, 1.540; 95% CI: 
1.218–1.947; P<0.001), old age (≥65, years; HR, 3.546; 95% 
CI: 2.645–4.753; P<0.001), low hemoglobin level (<12 g/dL;  
HR, 2.335; 95% CI: 1.841–2.961; P<0.001), high heart 
rate (>100 beats/min; HR, 1.852; 95% CI: 1.436–2.388; 
P<0.001), low GFR (<60 mL/min/1.73 m2; HR, 2.373; 
95% CI: 1.874–3.005; P<0.001), high body mass index  
(>25 kg/m2; HR, 0.644; 95% CI: 0.514–0.805; P<0.001), 
and low LVEF (<40%; HR, 1.487; 95% CI: 1.095–2.020; 
P=0.011) were the independent predictors for 3-year 
non-cardiac mortality. The causes of in-hospital deaths 
in patients with T2MI are shown in Figure 4. Cardiac 
death and non-cardiac death occurred in 6 and 5 patients, 
respectively, with pump failure being the most frequent 

cause of death, followed by sepsis and multiorgan failure. 
In-hospital all-cause death accounted for only 2.2% (n=11), 
and non-cardiac death accounted for only 1.0% (n=5).

Discussion

The main findings of our study were that the prevalence 
of T2MI was 4.6%, and T2MI was associated with poorer 
outcomes than T1MI. A significant difference in mortality 
was found, and the most important factor leading to the 
difference between the 2 groups was non-cardiac death 
during the long-term clinical outcomes of 3 years. Further, 
in-hospital mortality accounted for only 2.2% and non-
cardiac mortality accounted for only 1.0% in the T2MI 
group. The independent predictors for non-cardiac 
mortality at 3 years in the T1MI and T2MI groups were 
male sex, old age, anemia, low GFR, tachycardia, obesity, 
and low LVEF.

Many previous studies have reported the prognosis of 
T2MI, and most of them agree that the prognosis of T2MI 
is poorer than that of T1MI (7,9,14-16). Our results are 
also consistent with this concept. Additionally, in a recent 

Table 1 (continued)

Variables T1MI (n=10,545) T2MI (n=508) P value

Triglyceride, mg/dL 135.50±113.58 129.70±187.89 0.322

HDL-cholesterol, mg/dL 42.91±11.68 47.23±14.02 <0.001*

LDL-cholesterol, mg/dL 114.81±39.28 102.05±37.24 <0.001*

Glucose 164.55±74.64 149.58±70.85 <0.001*

Creatinine, mg/dL 1.08±1.04 1.00±0.97 0.093

GFR, mL/min/1.73 m2 89.66±40.05 98.01±47.20 <0.001*

Hs-CRP, mg/dL 1.44±5.95 1.65±5.32 0.596

Peak CK-MB, ng/mL 110.23±144.42 36.50±65.60 <0.001*

Peak Troponin-I, ng/mL 45.50±103.81 10.18±24.77 <0.001*

NT-pro-BNP 2,259.15±5,936.97 2,366.81±5,552.40 0.757

HbA1c 6.48±1.47 6.22±1.14 0.005*

PRU 195.70±109.02 238.81±107.72 0.017*

ARU 457.98±73.51 469.49±72.28 0.358

Data are expressed as n (%) or mean ± SD. *, P value <0.05 denotes statistical significance. T1MI, type 1 myocardial infarction; T2MI, type 2  
myocardial infarction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; STEMI, ST-
segment elevation myocardial infarction; LVEF, left ventricular ejection fraction; WBC, white blood cell; Hb, hemoglobin; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; GFR, glomerular filtration rate; Hs-CRP, high-sensitivity C-reactive protein; CK, creatine kinase; 
BNP, brain natriuretic peptide; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; PRU, P2Y12 reaction units; ARU, aspirin reaction 
units.
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study, the higher long-term mortality of T2MI than T1MI 
was caused by early mortality (3). In terms of in-hospital 
mortality or short-term mortality, Putot et al. reported 
that the mortality rate of T2MI (14%) was higher than 
that of T1MI (6.1%) in patients who died of non-cardiac  
causes (17). Moreover, Smilowitz et al. found that the in-
hospital mortality rate in patients with T2MI who dies of 
non-cardiac causes was >80% (18). A recent study reported 
that T2MI had a lower risk of in-hospital mortality (odds 
ratio: 0.57) and 30-day readmission for MI (odds ratio: 
0.46) (19). Although their results are somewhat different  
from ours in terms of the rates of in-hospital death (2.2%) 
and recurrent MI (only 4 patients at 3 years, 0.8%) in 
patients with T2MI, these outcomes might have differed 

due to the different treatments at each hospital and the 
severity of each patient’s condition. However, the main 
reason for the higher death rate in T2MI than in T1MI 
was clearly non-cardiovascular factors. Whereas the use 
of standard prognostic therapies was lower in T2MI, the 
difficulty lies in determining the primary disease, especially 
in high-risk patients with multiple diseases. In our study, 
aspirin and P2Y12 inhibitors were used at a high rate 
(Table 2). The effect of antithrombotic and/or antiplatelet 
therapy and the effect of reperfusion on patients with T2MI 
may be beneficial in those with mild atherosclerosis and 
coronary artery stenosis; however, the benefits for patients 
without plaque rupture are uncertain (14,20). Therefore, 
anticoagulant drugs should be used with more caution. 

Table 2 Coronary angiography and medication characteristics in T1MI and T2MI patients

Variables T1MI (n=10,545) T2MI (n=508) P value

Angiography and PCI, n (%)

Procedure for PCI/POBA 10,083 (95.6) 33 (6.5) <0.001*

Multivessel disease 1,947 (18.5) 5 (1.0) <0.001*

Target vessel in coronary artery <0.001*

Left main 196 (1.9) 1(0.2)

Left anterior descending 4,836 (45.9) 13 (2.6)

Left circumflex 1,789 (17.0) 7 (1.4)

Right coronary artery 3,262 (30.9) 12 (2.4)

ACC/AHA B2/C lesion 8,661 (82.1) 25 (4.9) <0.001*

Implanted stent 9,446 (89.6) 32 (6.3) <0.001*

Implanted DES 9,156 (86.8) 32 (6.3) <0.001*

TIMI flow grade

Initial TIMI flow 0/1 5,701 (54.1) 20 (3.9) <0.001*

Final TIMI flow 3 9,754 (92.5) 33 (6.5) <0.001*

Medical treatment, n (%)

Aspirin 10,525 (99.8) 490 (96.5) <0.001*

Clopidogrel 8,162 (77.4) 412 (81.1) 0.051

Statin 9,827 (93.2) 396 (78.0) <0.001*

Beta-blocker 8,951 (84.9) 191 (37.6) <0.001*

ACEI/ARB 8,424 (79.9) 255 (50.2) <0.001*

Calcium channel blocker 663 (6.3) 243 (47.8) <0.001*

*, P value <0.05 denotes statistical significance. T1MI, type 1 myocardial infarction; T2MI, type 2 myocardial infarction; PCI, percutaneous 
coronary intervention; POBA, plain old balloon angioplasty; ACC, American College of Cardiology; AHA, American Heart Association; DES, 
dual eluting stent; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
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Table 3 Clinical outcomes (unadjusted and adjusted) at 3 years among T1MI and T2MI patients

Clinical outcomes
T1MI  

(n=10,545)
T2MI  

(n=508) 

Unadjusted Adjusted

HR (95% CI) P value HR (95% CI) P value

All-cause death, n (%) 996 (9.4) 64 (12.6) 1.35 (1.05–1.74) 0.019* 1.42 (1.08–1.85) 0.012*

Cardiac death 631 (6.0) 37 (7.3) 1.23 (0.88–1.72) 0.218 1.33 (1.00–1.42) 0.110

Non-cardiac death 365 (3.5) 27 (5.3) 1.56 (1.06–2.31) 0.025* 1.55 (1.01–2.37) 0.043*

Recurrent MI, n (%) 108 (1.0) 4 (0.8) 0.79 (0.29–2.15) 0.648 0.89 (0.33–2.42) 0.820

Repeat PCI, n (%) 202 (1.9) 2 (0.4) 0.21 (0.05–0.85) 0.029* 0.25 (0.06–0.99) 0.048*

MACE, n (%) 1,200 (11.4) 68 (13.4) 1.20 (0.94–1.53) 0.154 1.25 (0.96–1.62) 0.099

*, P value <0.05 denotes statistical significance. Adjusted for age, sex, diabetes, hypertension, dyslipidemia, GFR, smoking, BMI, LVEF, 
heart rate and anemia. MI, myocardial infarction; T1MI, type 1 myocardial infraction; T2MI, type 2 myocardial infraction; PCI, percutaneous 
coronary intervention; MACE, major adverse cardiac events.

Figure 3 The major adverse cardiac events, all-cause death, cardiac death, and non-cardiac death in the Kaplan-Meier curves and the HR 
values. HR, hazard ratio; MACE, major adverse cardiac events; T1MI, type 1 myocardial infarction; T2MI, type 2 myocardial infarction.

0 365 730 1095

10,545 9,916 9,684 9,381
508 474 460 441

0 365 730 1095

10,545 10,118 9,998 9,920
508 488 481 471

MACE

Cardiac death

All cause death

No. at risk

No. at risk

Non-cardiac death

13.4%

7.3%

12.6%

5.3%

11.4%

Days

Days

Days

Days

6.0%

9.4%

3.5%

Log-rank, P=0.153
HR, 1.25 (0.96−1.62), P=0.099

Log-rank, P=0.217
HR, 1.33 (1.00−1.42), P=0.110

Log-rank, P=0.019
HR, 1.42 (1.08−1.85), P=0.012

Log-rank, P=0.024
HR, 1.55 (1.01−2.37), P=0.043

T1MI

T2MI

T1MI
T2MI

T1MI
T2MI

T1MI

T2MI

T1MI

T2MI

T1MI

T2MI

S
ur

vi
va

l p
er

ce
nt

ag
e,

 %
S

ur
vi

va
l p

er
ce

nt
ag

e,
 %

S
ur

vi
va

l p
er

ce
nt

ag
e,

 %
S

ur
vi

va
l p

er
ce

nt
ag

e,
 %

50

40

30

20

10

0

50

40

30

20

10

0

50

40

30

20

10

0

50

40

30

20

10

0

0 365 730 1095

10,545 9,928 9,709 9,562
508 474 460 441

0 365 730 1095

10,545 10,355 10,256 10,187
508 494 487 481



63Cardiovascular Diagnosis and Therapy, Vol 12, No 1 February 2022

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2022;12(1):55-66 | https://dx.doi.org/10.21037/cdt-21-434

Further, we found that less than half of the patients in the 
T2MI group used grade 2 preventive medications, except 
for statin. On the contrary, the usage rate of calcium 

channel blockers was significantly higher than that of 
T1MI patients, which may be due to the influence of 
spasms. Otherwise, T2MI patients often receive specialized 
treatments for comorbid diseases, such as the use of 
anticoagulants to manage atrial fibrillation or of diuretics 
to manage heart failure (21). Therefore, the treatment of 
T2MI is very important, and treatment of the primary 
disease is the key point.

With respect to PCI, it is not recommended for T2MI 
patients. In our data, only 6.5% of patients underwent PCI 
or plain old balloon angioplasty. Functional evaluation 
of myocardial perfusion for the diagnosis of underlying 
coronary artery disease following T2MI detection may 
also be considered (15). In the current clinical practice, 
patients with T2MI are less likely to undergo coronary  
angiography (22). Moreover, a retrospective review 
reported that non-cardiac surgery was the setting most 
associated with T2MI (23). The possible causes of T2MI 
were ischemic changes with AMI (ST-segment elevation 
MI or non-ST-segment elevation MI), without any plaque 
destruction; at least 1 chronic total occlusion in ischemic 
patients; or a true non-ischemic cause of reduced ejection 
fraction, such as an idiopathic, toxic, inflammatory, 
or arrhythmic cause; and associated silent obstructive 
coronary artery disease (24). Therefore, we still recommend 
performing coronary angiography to correctly assess 
the cause of T2MI, as this is a very useful treatment and 

Figure 4 Detailed cause of in-hospital deaths in patients with 
T2MI. T2MI, type 2 myocardial infarction.

Table 4 Univariate and multivariate analysis for predictors of 3-year non-cardiac death

Risk factor in non-cardiac death
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Male 0.630 (0.512–0.776) <0.001* 1.540 (1.218–1.947) <0.001*

Age ≥65 years 5.821 (4.468–7.584) <0.001* 3.546 (2.645–4.753) <0.001*

Hb <12 g/dL 4.861 (3.983–5.932) <0.001* 2.335 (1.841–2.961) <0.001*

Heart rate >100 beats/min 2.805 (2.203–3.571) <0.001* 1.852 (1.436–2.388) <0.001*

BMI ≥25 kg/m2 0.453 (0.365–0.564) <0.001* 0.644 (0.514–0.805) <0.001*

Hypertension 1.700 (1.385–2.085) <0.001* 0.946 (0.757–1.183) 0.627

Diabetes mellitus 1.873 (1.530–2.293) <0.001* 1.103 (0.883–1.377) 0.388

Dyslipidemia 0.733 (0.513–1.048) 0.088

Smoker 0.469 (0.373–0.591) <0.001* 0.895 (0.692–1.157) 0.397

GFR <60 mL/min/1.73 m2 4.817 (3.946–5.881) <0.001* 2.373 (1.874–3.005) <0.001*

LVEF <40% 2.971 (2.338–3.775) <0.001* 1.487 (1.095–2.020) 0.011*

*, P value <0.05 denotes statistical significance. CI, confidence interval; HR, Hazard ratios; Hb, hemoglobin; BMI, body mass index; GFR, 
glomerular filtration rate; LVEF; left ventricular ejection fraction.

P
um

p 
fa

ilu
re

A
rr

hy
th

m
ia

S
ep

si
s

M
ul

tio
rg

an
 fa

ilu
re

O
th

er
s

5

1 1

2 2

In-hospital death of T2MI

Cardiac death
Non-cardiac death

5

4

3

2

1

0

D
ea

th
 c

as
es

 to
 d

ea
th

s



64 Han et al. Outcomes of T1MI vs. T2MI

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2022;12(1):55-66 | https://dx.doi.org/10.21037/cdt-21-434

evaluation method for T2MI.
In our study, a significantly lower frequency of T2MI 

than T1MI was observed. The proportion of patients with 
T2MI was only 4.6%, although it may, in fact, be higher. 
This is because KAMIR is a large database that collects data 
of patients with AMI and accepts the coronary angiography 
procedure. Many T2MI patients with no symptoms or with 
typical spasm may have been passively excluded. Moreover, 
patients with Takotsubo cardiomyopathy or pulmonary 
embolism are also excluded. Other studies revealed that the 
number of men with T2MI was lower than that of women 
(3,25,26). However, we found that more men than women 
had T1MI or T2MI, which is very similar to the results of 
a Japanese study (10). Men in East Asia have a higher rate 
of MI than men in Western countries. Interestingly, among 
the independent predictors for cardiovascular disease, 
hypertension, diabetes mellitus, and hyperlipidemia showed 
no difference between T2MI and T1MI, and the rate of 
smoking was significantly higher in T1MI than in T2MI. 
Additionally, the proportions of patients with a history 
of MI, angina, and heart failure were higher in T2MI. 
Therefore, T2MI is a poorer condition than T1MI. Male 
sex, old age, anemia, low GFR, tachycardia, obesity, and 
low LVEF were the factors that affected long-term non-
cardiac mortality in T2MI patients in this study. Previous 
studies have not identified clear independent predictors (27).  
However, other studies have shown that old age, renal 
insufficiency, hemorrhage, severe aortic stenosis, infection, 
tachycardia, and heart failure can all be predisposing factors 
of T2MI (7,22,23).

This study had several limitations. First, only patients 
with AMI in major PCI centers in Korea were considered 
and the study was not a randomized controlled clinical trial. 
Moreover, this study had a retrospective design. Second, 
because KAMIR is a large database that collects the data of 
patients with AMI and accepts the coronary angiography 
procedure, patients who have not undergone coronary 
angiography may not be included in the database. Third, 
in the long-term follow-up, we only determined whether 
the deaths were caused by cardiac or non-cardiac diseases. 
Therefore, it was impossible to elucidate the detailed causes 
of death. Fourth, we did not assess whether the medical 
treatment after hospital discharge was reasonable and there 
was a lack of detailed indicators for the inability to continue 
oral medications because of various other diseases. Finally, 
we need more recent, longer, or real-time data to increase 
the strength of our findings.

Conclusions

In summary, although there was no difference between the 
2 groups in MACE, the T2MI group had a higher mortality 
than the T1MI group during the 3-year clinical follow-
up. The most important factor leading to the difference 
between the 2 groups was non-cardiac death. The 
independent predictors for non-cardiac mortality were male 
sex, old age, anemia, low GFR, tachycardia, obesity, and  
low LVEF.
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