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Abstract 

Background  Although previous studies using Korean data have already reported higher rates of mortality in women, it is less clear 

whether these gender differences in prognosis post ST-segment elevation myocardial infarction (STEMI), are age dependent. The aim of this 

study is to examine the gender-age interaction with early and late mortality in patients with STEMI enrolled in the Korean nationwide regis-

try. Methods  This prospective study stratified outcomes according to gender and age from 17,021 STEMI patients. We compared 

in-hospital, early (30 days) and late (12 months) mortality between gender to examine the gender-age interaction in multivariable models. 

Results  In younger women (< 60 years), in-hospital [5.8% vs. 2.5%, P < 0.001; unadjusted odds ratios (OR): 2.41, 95% confidence inter-

vals (CI): 1.59–3.66], early (6.2% vs. 2.6%, P < 0.001; unadjusted OR: 2.4, 95% CI: 2.12–2.72) and late mortality (7.0% vs. 3.1%, P > 0.001; 

unadjusted OR: 2.33, 95% CI: 2.08–2.61) were significantly higher compared with men. However, after adjustment for patient characteristics, 

Killip class  3, symptom to balloon time and major bleeding, and in-hospital bleeding, overall early and late mortality were no longer re-

lated to gender in any age groups. Conclusions  Among a Korean population with STEMI, higher early and late mortality in younger 

women may be explained by poor patient characteristics, higher Killip class  3, longer symptom to balloon time and more frequent major 

bleeding. Therefore, based on gender-age differences, more precise and aggressive preventive strategies focused on risk factor reduction, 

education and more intensive management for younger women should be performed. 
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1  Introduction 

Although the mortality of cardiovascular disease (CVD) 
has declined substantially due to advances in its manage-
ment and treatment, acute coronary syndrome (ACS) is 
currently a leading cause of mortality in the Asia-Pacific 
region, accounting for around half of the global burden.[1] In 
industrialized Western countries, improved adoption of 
evidence-based recommendations over the last decade 
strongly correlate with the reduction in both in-hospital and 
long-term mortality after ACS.[2,3] In contrast the 30-day 
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mortality after hospital admission for acute myocardial in-
farction (AMI) in South Korea is still high compared to 
average according to the Organization for Economic Co- 
operation and Development (OECD).[4] Even between Asia- 
Pacific countries, registry data show strong regional hetero-
geneity in the patterns of clinical practice, and in short- and 
long-term clinical outcomes.[5,6] 

Of note, previous investigations have focused on varia-
tions in the treatment and subsequent outcomes of AMI that 
are related to international and gender differences.[7–12] Sev-
eral studies, including some from the U.S. and Europe, have 
suggested that gender differences in mortality following 
AMI vary by age, with a particularly adverse prognosis in 
younger women, which persists after adjustment for risk 
factors.[13–15] Similarly, in China, gender differences in early 
mortality were age dependent, with the greatest differences 
seen in younger females (i.e. < 70 years of age).[16] The 
main reasons for these findings among younger women 
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include the poorer implementation of evidence-based medi-
cation and delays to timely reperfusion therapy. 

In view of these findings it is of vital importance to ex-
amine whether these gender and age differences in outcome 
exist in patients with ST-segment elevation myocardial in-
farction (STEMI) in South Korea. Although previous stud-
ies using Korean data have already reported higher rates of 
mortality in women,[17,18] it is less clear whether these gen-
der differences in prognosis after STEMI are age dependent. 
We have already published the results on the poor short- and 
long-term clinical outcomes of younger women with AMI 
but have not stratified these outcomes according to age, 
whilst also including patients with both STEMI and non- 
STEMI, resulting a heterogeneous population with ACS.[19] 

The objective of this study is to examine the interaction 
of gender and age on in-hospital, early (< 30 days after ad-
mission) and late (12 months) mortality in patients with 
STEMI who were enrolled in the nationwide registry of the 
Korea Working Group of Myocardial Infarction. 

2  Methods 

2.1  Data source and study population 

The Korean Acute Myocardial Infarction Registry 
(KAMIR), was a nationwide registry conducted from No-
vember 2005 to January 2008, whilst its successor, the Ko-
rean Myocardial Infarction (KorMI) registry, was conducted 
from January 2008 to July 2011. These were prospective 
multicentre online Korean registries reflecting current prac-
tice in the management and clinical outcomes of Asian pa-
tients diagnosed with AMI and supported by the Korean 
Working Group of Acute Myocardial Infarction. The pro-
tocols and details of the registries have been published pre-
viously.[20,21] Data were collected at each site by an experi-
enced study coordinator using a standardized case report 
form and protocol, and then merged with the intention of 
improving the statistical power. Figure 1 presents the 
scheme of this study. The data of 30,001 among 31,149 
AMI patients in the database were extracted for this study. 
Invalid or incomplete data and non-STEMI were excluded, 
leaving a final cohort of 17,021 patients for use in the 
analysis. Patients were divided into two groups according to 
their gender. The study protocol was reviewed and approved 
by the institutional review board at each participating center.  

2.2  Definitions and clinical end points 

AMI was defined on the basis of appropriate clinical 
signs or symptoms, increased cardiac biomarkers, and 12- 
lead ECG findings. Patients were diagnosed with STEMI if 
they had chest pain longer than 30 minutes and ECG 

 

Figure 1.  The scheme of this study. The data of 30,001 among 
31,149 patients with AMI in the database were extracted for this 
study. Invalid or incomplete data and non-STEMI were excluded, 
leaving a final cohort of 17,021 patients for use in the analysis. 
AMI: acute myocardial infarction; KAMIR: the Korean Acute 
Myocardial Infarction Registry; KorMI: the Korean Myocardial 
Infarction; NSTEMI: Non ST-segment elevation myocardial in-
farction; STEMI: ST-segment elevation myocardial infarction. 

changes with ST elevation greater than 2 mm in at least two 
precordial leads or greater than 1 mm in the limb leads, or 
new left bundle branch block, and abnormal troponin levels 
or creatine kinase-MB (CK-MB) at least twice the upper 
limit of normal.[22] Major bleeding was defined as an abso-
lute hematocrit drop of  15%, any intracranial bleeding, 
bleeding events associated with causing death, the need for 
surgery or transfusion, or any clinically relevant bleeding as 
judged by an investigator. All-cause deaths were considered 
cardiac unless a non-cardiac cause could be clearly identi-
fied. Recurrent myocardial infarction (MI) was defined as 
recurrent symptoms with new ECG changes compatible 
with MI or cardiac markers at least twice the upper limit of 
the normal. Repeat revascularization included target lesion 
revascularization (TLR) and target vessel revascularization 
(TVR). TLR was defined as a repeat intervention in the 
stent, or within 5 mm proximal or distal to the stent. TVR 
was defined as a repeat intervention in the same vessel, > 5 
mm from the stent. Major adverse cardiac events (MACEs) 
were defined as a composite of death, recurrent MI, and 
repeat revascularization. The primary end point was the 
composite of MACEs during hospitalization as well as early 
(before 30 days after admission) and late (12 months) clini-
cal follow-up.  

2.3  Statistical analysis 

All statistical analyses were done using SPSS version 
19.0 (SPSS, Inc., Chicago, Illinois, USA). Based on the 
distribution of early and late mortality among women and 
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men, we classified the patients into four pre-specified age 
groups (< 60, 60–69, 70–79, and  80 years). For discrete 
variables, differences were presented as counts and per-
centages, and were analyzed using a x2 test (or Fisher’s ex-
act test) between women and men in each age group. Crude 
odds ratios (ORs) with 95% confidence intervals (CIs) for 
women versus men were reported.  

We used multivariable logistic regression models to cal-
culate adjusted OR and 95% CI for in-hospital, early and 
late mortality in the overall population as well as within 
each age group, and to determine whether there was a sig-
nificant interaction between gender and age with respect to 
in-hospital, early and late mortality. Final adjustment in the 
logistic model was performed with the following variables: 
age, gender, body mass index (BMI), hypertension, diabetes 
mellitus, dyslipidemia, current smoking, Killip class  3, 
symptom to balloon time and major bleeding. All compari-
sons were 2-tailed, with a P value < 0.05 considered statis-
tically significant.  

3  Results 

3.1  Baseline characteristics 

Baseline characteristics of patients stratified by gender 
and age are reported in Table 1. Younger women (< 60 
years) were more likely to have lower BMI (OR: 1.29; 95% 
CI: 1.07–1.55) compared with men. Younger women (< 60 
years) had a more frequent history of hypertension (OR: 
2.43; 95% CI: 2.04–2.90) and diabetes mellitus (OR: 1.59; 
95% CI: 1.30–1.93), but fewer of them were current smok-
ers (OR: 0.09; 95% CI: 0.07–0.11) or had a previous history 
of MI (OR: 0.41; 95% CI: 0.24–0.68) compared with men. 
Women over the age of 60 years were also more likely to 
have hypertension, diabetes mellitus or dyslipidemia but 
less likely to smoke and have a previous history of MI. Al-
though signs of heart failure at admission (Killip class  3) 
were found to be more severe in women of all age groups, 
left ventricular ejection fraction was similar between 
women and men by age group.  

There was no significant difference in door-to-balloon 
time between genders by age group, however younger 
women (< 60 years) were more likely to have symptoms 
lasting > 12 hours before hospital admission (longer symp-
tom to balloon time) than their male peers. Also, women 
aged 70–79 years were more likely to have symptoms last-
ing > 24 hours before hospital admission compared with 
men. CK-MB, troponin-I, and creatinine levels were higher 
in men of all age groups. Women aged 60–69 years had 
higher high-sensitivity C-reactive protein levels compared 
with men. Older women ( 60 years) had higher low-den-

sity lipoprotein cholesterol levels than their male peers at 
presentation.  

The discharge medication also varied by gender and age. 
Younger women (< 60 years) were less likely to receive 
clopidogrel (OR: 0.51; 95% CI: 0.37–0.72) or an angio-
tensin-converting enzyme inhibitor or an angiotensin recep-
tor blocker (ARB) (OR: 0.76; 95% CI: 0.61–0.95) at dis-
charge compared with similarly aged men. Older women 
(aged 60–69 and 70–79 years) were also less likely to re-
ceive clopidogrel at discharge.  

3.2  Angiographic characteristics 

Angiographic findings of patients are presented in Table 
2. Younger women (< 60 years) were more likely to have 
left main disease for culprit lesion (OR: 2.18; 95% CI: 
1.23–3.89), but older women (aged 60–69 years and 70–79 
years) were less likely to have left main disease for culprit 
lesion compared with men. With respect to reperfusion 
strategies, younger women (< 60 years) were less likely to 
receive thrombolysis (OR: 0.73; 95% CI: 0.53–1.00) or 
percutaneous coronary intervention (PCI) (OR: 0.64; 95% 
CI: 0.49–0.84) compared with similarly aged men. Al-
though women aged 60–69 years were more likely to have 
poor Thrombolysis in Myocardial Infarction (TIMI) flow 
(OR: 1.27; 95% CI: 1.08–1.50) at presentation, TIMI flow 
after PCI showed no significant differences between gen-
ders by age group. Women of all age groups had smaller 
stent diameters, but in stent type, length, and number, they 
showed no significant differences compared with their male 
peers.  

Finally, younger women (< 60 years) had higher rates of 
major bleeding than men (OR: 7.04; 95% CI: 2.55–19.43) 
and women aged 70–79 years were more likely to have car-
diogenic shock (OR: 1.64; 95% CI: 1.22–2.20).  

3.3  Unadjusted early and late mortality 

As shown in Table 3, overall in-hospital mortality rate 
was higher in women (12.2% vs. 5.5% in men, P < 0.001). 
In-hospital mortality after STEMI increased with age for 
both genders. In younger women (< 60 years), in-hospital 
mortality (5.8% vs. 2.5%, P < 0.001; unadjusted OR: 2.41, 
95% CI: 1.59–3.66), cardiac death (3.7% vs. 2.0%, P = 
0.011; unadjusted OR: 1.91, 95% CI: 1.15–3.16), and non- 
cardiac death (2.1% vs. 0.5%, P = 0.001; unadjusted OR: 
4.23, 95% CI: 2.04–8.75) were significantly higher com-
pared with men (Table 3 and Figure 2A). The 30-day rates 
of MACE (6.6% vs. 3.2%, P < 0.001; unadjusted OR: 2.15, 
95% CI: 1.46–3.17) and all-cause mortality (6.2% vs. 2.6%, 
P < 0.001; unadjusted OR: 2.50, 95% CI: 1.67–3.75) were 
also higher in younger women (< 60 years) compared with  
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Table 1.  Unadjusted OR for characteristics of patients comparing women with men according to age. 

 All patients Age group, yrs 

 
Men (M) 

n = 12,562 

Women (W) 

n = 4459 

P- 

value

< 60 

n = 7079 (M = 6527, 

W = 552) OR* 

60–69 

n = 4050 (M = 

3005, W = 1045)

70–79 

n = 4203 (M =  

2362, W = 1841) 

≥ 80 

n = 1689 (M = 

668, W = 1021)

BMI, kg/m2   < 0.001     

≥ 25 4192 (33.4%) 1109 (24.9%)  0.78† 1.19† 1.18† 1.12 

< 25 7247 (57.7%) 2716 (60.9%)  1.29† 0.84† 0.84† 0.89 

Medical history        

Hypertension 5111 (40.7%) 2709 (60.8%) < 0.001 2.43† 1.76† 1.54† 1.83† 

Diabetes mellitus 2830 (22.5%) 1341 (30.1%) < 0.001 1.59† 1.45† 1.31† 1.33† 

Dyslipidemia 1230 (9.8%) 399 (8.9%) 0.124 0.97 1.33† 1.33† 1.25 

Current smoking 7317 (58.2%) 575 (12.9%) < 0.001 0.09† 0.14† 0.23† 0.25† 

Previous MI 745 (5.9%) 180 (4.0%) < 0.001 0.41† 0.49† 0.70† 0.59† 

LV ejection fraction, %   < 0.001     

< 40 1648 (13.1%) 689 (15.5%)  1.12 0.92 0.92 0.79 

≥ 40 9439 (75.1%) 3148 (70.6%)  0.89 1.09 1.09 1.27 

Killip class   < 0.001     

≥ 3 1475 (11.7%) 877 (19.7%)  1.63† 1.17 1.54† 1.31† 

< 3 10212 (81.3%) 3269 (73.3%)  0.61† 0.85 0.65† 0.76† 

Door to balloon time, mins   0.533     

≥ 90 3804 (30.3%) 1345 (30.2%)  1.14 0.97 1.12 0.83 

< 90 5719 (45.5%) 1971 (44.2%)  1.00 1.03 0.89 1.20 

Symptom to balloon time, hours   < 0.001     

< 12 8795 (70.0%) 2903 (65.1%)  0.78† 0.92 0.89 0.94 

> 12 to  24 1226 (9.8%) 504 (11.3%)  1.35† 1.09 1.00 0.94 

> 24 997 (7.9%) 488 (10.9%)  1.11 1.07 1.23† 1.17 

Laboratory finding        

Peak CK-MB, ng/mL   < 0.001     

≥ 5 4641 (36.9%) 1409 (31.6%)  0.84 0.78† 0.97 0.93 

< 5 7685 (61.2%) 2958 (66.3%)  1.20 1.28† 1.03 1.07 

Peak Troponin-I, ng/mL   < 0.001     

≥ 0.1 2848 (22.7%) 925 (20.7%)  0.94 0.83† 0.89 0.78 

< 0.1 7154 (56.9%) 2742 (61.5%)  1.06 1.21† 1.12 1.28 

hs-CRP, mg/dL   < 0.001     

≥ 1 1275 (10.1%) 541 (12.1%)  1.23 1.29† 0.89 0.75† 

< 1 8670 (69.0%) 2916 (65.4%)  0.81 0.77† 1.12 1.34† 

Creatinine, mg/dL   < 0.001     

≥ 1.2 3755 (29.9%) 903 (20.3%)  0.36† 0.38† 0.40† 0.36† 

< 1.2 8592 (68.4%) 3490 (78.3%)  2.79† 2.61† 2.49† 2.79† 

LDL cholesterol, mg/dL   < 0.001     

≤ 130 7649 (60.9%) 2471 (55.4%)  0.89 0.52† 0.50† 0.52† 

> 130 3442 (27.4%) 1383 (31.0%)  1.12 1.93† 2.02† 1.94† 

Discharge medication        

Aspirin 11307 (90.0%) 3703 (83.0%) 0.087 0.87 0.82 0.79 0.65 

Clopidogrel 11038 (87.9%) 3577 (80.2%) < 0.001 0.51† 0.70† 0.68† 0.80 

Statin 8813 (70.2%) 2861 (64.2%) 0.192 1.05 1.13 1.01 1.12 

Beta blocker 8869 (70.6%) 2863 (64.2%) 0.072 0.86 1.02 1.27† 1.10 

ACEI/ARB 9498 (75.6%) 3080 (69.1%) 0.047 0.76† 0.93 1.07 0.99 

*The OR is for the comparison of women with men. †The OR is significant between women and men. Data were presented as n (%). ACEI: angio-

tensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI: body mass index; CK-MB: creatine kinase-MB; hs-CRP: high sensitivity 

C-reactive protein; LDL: low density lipoprotein; LV: left ventricular; MI: myocardial infarction; OR: odds ratios. 
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Table 2.  Unadjusted OR for angiographic and procedural characteristics comparing women with men according to age. 

 All patients Age group, yrs 

 
Men 

n = 12,562 

Women 

n = 4459 
P-value 

< 60 

n = 7079 OR*

60–69 

n = 4050 

70–79 

n = 4203 

≥ 80 

n = 1689 

Number of diseased vessel   < 0.001     

1 vessel disease 5526 (44.0%) 1698 (38.1%)  0.93 1.17† 0.96 0.90 

2 vessel disease 3336 (26.6%) 1244 (27.9%)  1.08 0.84† 1.10 1.15 

3 vessel disease 2342 (18.6%) 1005 (22.5%)  0.98 1.06 1.01 1.00 

Left main 276 (2.2%) 85 (1.9%)  1.19 0.59† 0.59† 0.83 

Culprit vessel   0.030     

Left anterior descending artery 5904 (47.0%) 2063 (46.3%)  1.00 1.14 1.06 1.05 

Left circumflex artery 1147 (9.1%) 363 (8.1%)  0.88 0.88 1.09 0.74 

Right coronary artery 4228 (33.7%) 1553 (34.8%)  0.99 0.96 0.96 1.06 

Let main 199 (1.6%) 52 (1.2%)  2.18† 0.37† 0.40† 0.78 

ACC/AHA Lesion type   0.004     

A 441 (3.5%) 150 (3.4%)  0.55† 1.35 1.09 1.09 

B1 1831 (14.6%) 579 (13.0%)  0.91 0.97 0.95 1.04 

B2 2945 (23.4%) 1030 (23.1%)  1.08 1.00 0.94 0.89 

C 5046 (40.2%) 1925 (43.2%)  1.09 0.97 1.07 1.06 

Treatment within hospitalization        

Thrombolysis 1132 (9.0%) 281 (6.3%) < 0.001 0.73† 0.78 1.01 1.16 

Glycoprotein II/IIIa inhibitor 1833 (14.6%) 583 (13.1%) 0.017 1.03 0.99 0.88 1.20 

Percutaneous coronary intervention 11498 (91.5%) 3976 (89.2%) < 0.001 0.64† 0.81 0.93 1.13 

Coronary artery bypass surgery 28 (0.2%) 13 (0.3%) 0.397 0.00 1.25 1.57 3.05 

Access of procedure   0.022     

TRI 1033 (8.2%) 303 (6.8%)  0.69 0.79 0.92 1.02 

TFI 4827 (38.4%) 1714 (38.4%)  1.37 1.29 1.08 1.05 

Others 13 (0.1%) 3 (0.1%)  3.65 - 1.36 - 

Initial TIMI flow grade   0.007     

≥ 2 3518 (28.0%) 1169 (26.2%)  1.03 0.79† 0.95 0.87 

< 2 7218 (57.5%) 2976 (66.7%)  0.97 1.27† 1.05 1.15 

Post TIMI flow grade   < 0.001     

≥ 2 10126 (80.0%) 3568 (80.0%)  0.69 0.93 0.85 0.96 

< 2 329 (2.6%) 165 (3.7%)  1.45 1.07 1.18 1.04 

Stent type   0.015     

Bare metal stent 838 (6.7%) 333 (7.5%)  0.93 1.07 1.10 0.94 

Drug eluting stent 9384 (74.7%) 3160 (70.9%)  1.08 0.94 0.91 1.07 

Stent length, mm   0.011     

≥ 28 4065 (32.4%) 1487 (33.3%)  0.96 1.04 1.01 1.06 

< 28 5969 (47.5%) 1974 (44.3%)  1.05 0.96 0.99 0.94 

Stent diameter, mm   < 0.001     

≥ 3.5 4822 (38.4%) 1083 (24.3%)  0.62† 0.62† 0.65† 0.68† 

< 3.5 5438 (43.3%) 2432 (54.5%)  1.63† 1.62† 1.55† 1.47† 

Stent number   0.005     

≥ 2 2952 (23.5%) 1091 (24.5%)  1.06 1.05 1.00 0.85 

< 2 7057 (56.2%) 2315 (51.9%)  0.94 0.95 1.00 1.17 

Procedure complication        

Major bleeding 31 (0.2%) 23 (0.5%) 0.006 7.04† 2.38 1.00 0.58 

Cardiogenic shock 328 (2.6v) 211 (4.8%) < 0.001 1.52 1.07 1.64† 1.12 

New heart failure 46 (0.4%) 29 (0.7%) 0.014 2.19 1.19 0.98 1.84 

Cerebrovascular accident 44 (0.4%) 28 (0.6%) 0.014 1.16 1.78 1.60 1.03 

Coronary care unit stay, day   < 0.001     

≥ 3 3192 (25.4%) 1354 (30.4%)  0.97 1.20† 1.05 1.07 

< 3 7319 (58.3%) 2356 (52.8%)  1.04 0.83† 0.96 0.93 
*The OR is for the comparison of women with men. †The OR is significant between women and men. Data were presented as n (%). ACC/AHA: American 
College of Cardiology/American Heart Association; OR: odds ratios; TIMI: thrombolysis in myocardial infarction; TFI: transfemoral; TRI: transradial. 
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Table 3.  MACEs between men and women. 

 All patients Age group, yrs 

 
Men 

n = 12,562 

Women 

n = 4459 
P-value 

< 60 

n = 7079 OR*

60–69 

n = 4050 

70–79 

n = 4203 

≥ 80 

n = 1689 

In-hospital mortality 590 (4.7%) 462 (10.4%) < 0.001 2.41† 1.39† 1.44† 1.08 

Cardiac death 467 (3.7%) 359 (8.1%) < 0.001 1.91† 1.38† 1.47† 1.04 

Non-cardiac death 123 (1.0%) 103 (2.3%) < 0.001 4.23† 1.36 1.26 1.18 

Before 30 days        

All cause death 621 (4.9%) 483 (10.8%) < 0.001 2.50† 1.32 1.40† 1.10 

Cardiac death 488 (3.9%) 381 (8.5%) < 0.001 2.07† 1.37† 1.46† 1.09 

Non-cardiac death 133 (1.1%) 102 (2.3%) < 0.001 3.94† 1.09 1.14 1.09 

Recurrent myocardial infarction 22 (0.2%) 8 (0.2%) 0.925 1.67 0.47 - 1.14 

Repeat revascularization 35 (0.3%) 12 (0.3%) 0.952 - 1.61 1.25 1.52 

MACEs 678 (5.4%) 503 (11.3%) < 0.001 2.15† 1.30 1.42† 1.11 

12 months follow-up        

All cause death 774 (6.2%) 576 (12.9%) < 0.001 2.36† 1.31† 1.33† 1.01 

Cardiac death 566 (4.5%) 436 (9.8%) < 0.001 2.10† 2.75† 1.44† 1.00 

Non-cardiac death 208 (1.7%) 140 (3.1%) < 0.001 2.84† 0.96 1.03 1.03 

Recurrent myocardial infarction 49 (0.4%) 23 (0.5%) 0.242 0.83 0.47 4.19† 1.14 

Repeat revascularization 234 (1.9%) 65 (1.5%) 0.096 0.62 1.01 0.87 0.98 

MACEs 1057 (8.4%) 664 (14.9%) < 0.001 1.55† 1.22 1.31† 1.01 
*The OR is for the comparison of women with men. †The OR is significant between women and men. Data were presented as n (%). MACEs: major adverse 

cardiovascular events; OR: odds ratios. 

 

Figure 2.  Unadjusted risk of in-hospital (A) 30-day, (B) 12-month mortality, (C) and 12-month cardiac death rate (D) comparing 
women with men according to age. The interaction between gender and age was statistically significant (all P < 0.001). 

their male peers (Table 3 and Figure 2B). In addition, 
12-month rates of MACE (8.9% vs. 5.9%, P = 0.009; unad-
justed OR: 1.55, 95% CI: 1.11–2.16), all-cause mortality 
(7.0% vs. 3.1%, P < 0.001; unadjusted OR: 2.36, 95% CI: 

1.61–3.45) and cardiac death (4.6% vs. 2.2%, P < 0.001; 
unadjusted OR: 2.10, 95% CI: 1.32–3.34) were higher in 
younger women (< 60 years) compared with men (Table 3, 
Figure 2C and 2D). When mortality rates were analyzed by 
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age, a gender-age interaction was observed (in-hospital mor-
tality, P < 0.001; 30-day mortality, P < 0.001; 12-month 
mortality, P < 0.001). 

Although a higher risk of death was observed among 
women  80 years at all time points, no significant between 
gender-differences were seen in patients  80 years. Simi-
larly, there were no significant differences between gender 
and age in the rates of recurrent MI and repeat revasculari-
zation.  

3.4  Multivariable-adjusted early and late mortality 

In the multivariable model, adjusting for age, gender, 
BMI, hypertension, diabetes mellitus, dyslipidemia, current 
smoking, Killip class  3, symptom to balloon time, and 
major bleeding, there were no statistically significant inter-
actions between gender and age for mortality (Figure 
3A–3C). Similarly, 12-month cardiac death was not signifi-
cantly different between gender and age (Figure 3D).  

4  Discussion 

The present study showed for the first time that there was 
a significant gender-age interaction with early and late mor-
tality in Korean patients with STEMI. In younger women (< 
60 years), in-hospital, early and late mortality rates were 
significantly higher compared with men. No significant 
differences in early and late mortality were observed be-
tween gender in the very old age group ( 80 years). The 
poorer prognosis in younger women (< 60 years) may be 
explained by adverse patient characteristics, higher Killip 
class  3, longer symptom to balloon time, and more fre-
quent major bleeding. 

Despite improvement in short- and long-term survival 
following AMI over recent decades, the risk of a subsequent 
MI or death remains elevated in many countries.[2,3,5,6] In 
particular, in-hospital mortality after AMI is still higher in 
South Korea in comparison to other countries (DOI: 10. 
1787/health_glance-2015-en).[23,24] Although several studies  

 

Figure 3.  Unadjusted and adjusted risk of mortality. (A): Unadjusted and adjusted risk of in-hospital mortality rate following STEMI 
comparing women with men by age. In the unadjusted data, the interaction between gender and age was statistically significant (P < 0.001). 
After adjustment, the interaction between gender and age was not statistically significant (P = 0.418). (B): Unadjusted and adjusted risk of 
30-day mortality rate following STEMI comparing women with men by age. In the unadjusted data, the interaction between gender and age 
was statistically significant (P < 0.001). After adjustment, the interaction between gender and age was not statistically significant (P = 0.584). 
(C): Unadjusted and adjusted risk of 12-month mortality rate following STEMI comparing women with men by age. In the unadjusted data, 
the interaction between gender and age was statistically significant (P < 0.001). After adjustment, the interaction between gender and age was 
not statistically significant (P = 0.446). (D): Unadjusted and adjusted risk of 12-month cardiac death rate following STEMI comparing 
women with men by age. In the unadjusted data, the interaction between gender and age was statistically significant (P < 0.001). After ad-
justment, the interaction between gender and age was not statistically significant (P = 0.418). OR: odds ratios; STEMI: ST-segment elevation 
myocardial infarction. 
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have shown no differences, many studies have shown that 
women have a higher risk of early and late mortality after 
AMI.[8–10,25] In addition, these studies have identified an age- 
gender interaction, whereby younger women were at particu-
larly high risk of mortality after AMI even after adjustment 
for other prognostic factors.[14,15] However, some differences 
do exist between countries; for example, there was a higher 
risk of in-hospital mortality in women aged < 50 years in the 
U.S., while in China the increased risk of in-hospital mor-
tality was observed in patients up to 70 years of age.[13,16] 

In our Korean data, women aged < 60 years showed sig-
nificantly higher in-hospital, early and late mortality com-
pared with similarly aged men. However, after adjustment 
for cardiovascular risk factors, preadmission co-morbidities, 
Killip class  3, symptom to balloon time and major bleed-
ing, the interactions between gender and age for mortality 
were no longer statistically significant. In other words, mor-
tality rates were no longer related to gender in any age 
groups. Also, in contrast to Chinese data, the present study 
showed several potential explanations for the higher risk of 
mortality in younger women (< 60 years). Our study 
showed that younger women (< 60 years) with STEMI had 
a great number of risk factors and were more critically ill 
when compared with younger men, which in part explained 
their higher mortality. Similarly in the INTERHEART study, 
such risk factors as diabetes and hypertension were more 
strongly associated with the development of MI in women 
than in men, as well as in younger (< 60 years) compared 
with older ( 60 years) women.[26] As such, several strate-
gies, including prevention, the early identification and ag-
gressive management of risk factors before incidence, may 
be a target for future efforts to reduce the excess risk of 
mortality following STEMI among younger women, espe-
cially in Korea burdened with rapidly increasing cardiovas-
cular risk factors.[27,28] Other possible explanations for the 
poor prognosis observed among younger women include a 
lack of awareness of symptoms, under-recognition at pres-
entation, lower application of evidence-based medication 
and less timely reperfusion therapy. Previously, gender dis-
parities in reperfusion therapy, short-, and long-term mortal-
ity for patients with STEMI have been well docu-
mented.[29,30] Celik et al showed that woman was an impor-
tant risk factor for no-reflow in STEMI patients undergoing 
primary PCI.[30] Consistently in our study, women aged 60 
years and younger had a longer time from symptom onset to 
balloon time compared with other age groups, and there was 
an association between symptom onset to balloon time and 
rate of revascularization (PCI and coronary artery bypass 
graft) (P = 0.013). This may explain the less frequent use of 
early reperfusion and ultimately the higher risk of mortality 

in this age group. Delayed hospital presentation in younger 
women may be due to atypical symptom onset of AMI,[31] 
which can also result in delayed diagnosis even after pres-
entation to hospital.[32] However, our Korean data showed 
that although younger women (< 60 years) had longer 
symptom onset to balloon time compared with similarly 
aged men, there was no significant difference in door to 
balloon time between women and men in this age group. 
These data indicates that Korean hospitals have been accu-
rately diagnosing AMI compared with other countries.[23,28] 
Therefore, more aggressive education and promotion may 
be necessary to overcome delayed hospital presentation. In 
addition, less use of evidence-based treatment on admission 
may contribute to the higher mortality in younger women. 
Of note, studies in the U.S. have found that gender differ-
ence in evidence-based treatment did not adequately ac-
count for the observed disparity in mortality.[33,34] Lessening 
the aforementioned disparities in disease awareness,[35] 
prompt diagnosis and the timely administration of evi-
dence-based treatment could lead to meaningful improve-
ment in the outcomes of younger women with AMI and 
should be the target of future interventions.  

Of note, we observed a higher incidence of major bleed-
ing in younger women (< 60 years), despite the absence of 
any significant differences in catheterization access site be-
tween gender and age. Although the mechanism for this 
association is incompletely understood, the adverse impact 
of bleeding has been shown in numerous studies,[36–38] toge-
ther with a higher incidence of short-term bleeding in women 
even after adjustment for baseline differences. Acute bleed-
ing may be life-threatening depending on its location and 
severe blood loss can contribute to persisting shock. Bleed-
ing also leads to anemia and requires the transfusion of 
blood products, which promote inflammation.[39] Moreover, 
bleeding may result in the cessation of antiplatelet and anti-
coagulant therapy, which increases the risk of recurrent is-
chemic events such as stent thrombosis and recurrent MI.[40] 

Finally, investigation into other factors such as socio-
economic, cultural, educational and psychological factors 
may have important implication on how we educate patients 
as well as physicians, and how we assess the risk and evalu-
ate treatment strategies for younger women with AMI. 

The possible limitations of this study are as follows. First, 
we could not identify any causality for the associations 
mentioned earlier. Second, as this study was based on regis-
try data, which had been collected voluntarily at each par-
ticipating center, we lacked data on some important clinical 
variables, such as bleeding event, coronary angiographic 
characteristics and other potential unmeasured factors, which 
may have influenced management. However, this study had 
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the advantages of a large sample size, a multicenter design, 
and prospective data indigenous to Korea. Finally, we had 
no information on prehospital death and the long-term 
health outcomes of patients with STEMI. 

In conclusion, we showed that in-hospital, early and late 
mortality rates were significantly higher in younger women 
(< 60 years) compared with similarly aged men. In contrast 
to this, no significant differences in early and late mortality 
were observed between sexes in a very old age groups ( 80 
years). The poorer prognosis in younger women (< 60 years) 
can be explained by adverse patient characteristics, higher 
Killip class  3, longer symptom to balloon time and fre-
quent major bleeding. Therefore, more precise and aggres-
sive preventive strategies focused on risk factor reduction, 
education and more intensive management for younger 
women should be performed. Further research is required to 
enhance the understanding and development of intervention 
to improve the outcomes of younger women, especially 
under high risk conditions. 
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