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Background/Aims: This study compared long-term clinical outcomes between
male and female acute myocardial infarction (AMI) patients with and without di-
abetes mellitus (DM).

Methods: From November 2011 to December 2015, 13,104 patients with AMI were
enrolled in the Korea Acute Myocardial Infarction Registry National Institutes
of Health (KAMIR-NTH) (4,458 diabetic patients and 8,646 non-diabetic patients).
Propensity score matching (PSM) was used to reduce bias due to confounding
variables. Following PSM, 2,046 diabetic patients, 1,023 males (69.8 + 9.4 years) and
1,023 females (69.9 + 9.4 years); and 3,412 non-diabetic patients, 1,706 males (70.0
+10.4 years) and 1,706 females (70.4 + 10.8 years) were analyzed. Clinical outcomes
were compared between male and female patients with and without diabetes over
a 3-year clinical follow-up.

Results: In diabetic patients, mortality (21.1% vs. 21.5%, p = 0.813) and major ad-
verse cardiac events (MACE) (30.6% vs. 31.4%, p = 0.698) were not significantly dif-
ferent between males and females. However, mortality (15.8% vs. 12.0%, p = 0.002)
and MACE (20.8% vs. 15.6%, p < o0.001) were significantly higher in male non-di-
abetic patients than in female non-diabetic patients. The predictors of mortality
for both males and females in the diabetic and non-diabetic groups were old age,
heart failure, renal dysfunction, anemia, and no percutaneous coronary interven-
tion.

Conclusions: The long-term clinical outcomes in AMI patients with DM did not
significantly differ by sex. However, the mortality and MACE in non-diabetic
male patients were higher than those in females.
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INTRODUCTION

The incidence of disease in Korea has shifted from acute
to chronic diseases due to the development of the na-
tional economy, improvements in residential environ-
ment and nutritional status, and improvement in treat-

Copyright © 2021 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ments. Mortality due to cardiovascular disease is steadily
increasing, and in 2017, the number of deaths due to
cardiovascular disease in Korea was 53,597 per year, ac-
counting for approximately 19% of all deaths [1]. In par-
ticular, mortality due to heart disease has continued to
increase over the past decade. Diabetes mellitus (DM) is
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a common chronic disease in Korea’s middle-aged pop-
ulation due to changes in diet and lifestyle. In the 2016
National Health and Nutrition Survey, the prevalence of
diabetes in their 40s and 50s was 8.7% and 16.0%, re-
spectively. It can be seen that the diabetes awareness rate
over the age of 30 is 73.2%, and in particular, the control
rate is 26.8%, which is very low. Therefore, screening the
high-risk group for diabetes is an important issue in
public health [2].

DM is a major risk factor for cardiovascular disease [3-
5]. In addition, a study on the registration of acute myo-
cardial infarction (AMI) in the United States showed that
approximately 40% of AMI patients also have DM [6],
while in Koreans, up to 41.8% of AMI patients have DM
[7]- Mortality due to heart disease and stroke in diabetic
patients is two to four times higher than that in non-di-
abetic patients, while previous studies have also found
that mortality in diabetic patients with AMI is higher
than that in non-diabetic patients with AMI [8-10].

The Atherosclerosis Risk in Communities (ARIC)
studies of large numbers of people resulted in a total of
4.6% cardiac death or AMI [11]. The incidence of cases
varied depending on the presence of DM and the history
of AMI: 3.9% had no DM and no history of AMI, 10.8%
had DM but no history of AMI, 18.9% had a history of
AMI without DM, and 32.2% had DM and a history of
AMI. The relationship between DM and AMI also dif-
fers by sex. When diabetic patients with coronary artery
disease in Finland were compared by sex, the mortal-
ity rate due to cardiovascular disease higher in males
than in females [12]. In contrast, in other study, the risk
of major clinical events was higher in females than in
males [13]. In Europe, the short-term prognosis of AMI
patients with diabetes did not differ significantly by
sex, but the long-term prognosis was different between
males and females [14].

However, few studies have investigated sex-based dif-
ferences in the long-term outcomes of diabetic patients
with AMI in Korea [15], and thus, a long-term observa-
tional study is necessary. Therefore, this study aimed
to compare the clinical characteristics of diabetic and
non-diabetic patients with AMI by sex, registered in the
Korea Acute Myocardial Infarction Registry-National
Institutes of Health (KAMIR-NIH), and to identify the
factors affecting major complications. In addition, this
study aimed to provide important data for the treatment
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and management of diabetic and non-diabetic patients
with AMI by examining the long-term clinical follow-up
data over 3 years.

METHODS

Study design and population

This study was approved by the Institutional Re-
view Board of Chonnam National University Hospital
(CNUH-2020-132). The KAMIR-NIH study was also ap-
proved by the Institutional Review Board of Chonnam
National University Hospital (CNUH 05-49), and was
performed after obtaining consents from all subjects.
The study was sponsored by the National Institute of
Health as a prospective, multicenter, observational, and
web-based cohort study for the development of progno-
sis and management indicators for patients with AMI,
and the patients were registered at 20 major centers in
Korea from November 2011 to December 2015.

The 13,104 AMI patients enrolled in KAMIR-NTH were
as follows. The diabetic group comprised 4,458 patients,
of which 3,106 (62.6 + 11.4 years) were male, and 1,352 (71.7
+ 9.5 years) were female. The non-diabetic group com-
prised 8,646 patients, of which 6,579 (60.4 + 12.4 years)
were male, and 2,067 (72.3 + 11.0 years) were female. Pro-
pensity score matching (PSM) was used to reduce bias
due to variables. After PSM, of the 2,146 diabetic pa-
tients, 1,023 (69.8 + 9.4 years) were male, and 1,023 (69.9 +
0.4 years) were female. In the 3,412 non-diabetic patients,
1,706 (70.0 + 10.4 years) were male, and 1,706 (70.4 + 10.8
years) were female.

Definition and clinical endpoint

Information on general characteristics, including age,
body mass index (BMI), Killip class, history, and smok-
ing rate were collected. The clinical characteristics were
recorded following hematological tests and echocardio-
graphic examinations conducted during hospitalization
to measure the left ventricular injection fraction (LVEE),
while the lesion characteristics in coronary artery angio-
graphic findings were classified using the American Col-
lege of Cardiology/American Heart Association (ACC/
AHA) classification [16]. The perfusion rate through
coronary artery lesion was classified as thrombolysis in
myocardial infarction (TIMI) flow [17].
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Major adverse cardiac events (MACE) were defined as
all cause death, recurrent myocardial infarction (MI),
repeated percutaneous coronary intervention (PCI), and
coronary artery bypass graft (CABG) during 3 years of
clinical follow-up.

Statistical analysis

Continuous variables are presented as meanz+stan-
dard deviation and were compared using the Student’s
t test. Discrete variables are expressed as percentages
and frequencies and were compared by chi-square test.
PSM analysis was performed using a multiple logistic
regression model to minimize the selection bias when
comparing the effect of sex. The relevant variables were
included age, Killip class, hypertension, dyslipidemia,
MI, angina, heart failure, cerebrovascular accident, BMI,
smoking, pre-PCI, and post-PCI TIMI flow. The pro-
pensity score was calculated using logistic regression
and matched one-to-one according to the propensi-
ty score value. C-statistic for the propensity score was
0.673. Multiple logistic regression and Cox proportional
regression analyses were conducted to identify the inde-
pendent predictors of 3-year mortality. The results are
presented as adjusted hazard ratios with 95% confidence
intervals. Kaplan—-Meier curves were compared for all
cause death and MACE, and the log rank test was used
to test the differences in the survival curves.

All analyses were performed using SPSS software ver-
sion 25.0 (IBM Co., Armonk, NY, USA). All analyses were
two-tailed, and p values = 0.05 were considered to be sta-
tistically significant.

RESULTS

Baseline characteristics and medication

The age of the female diabetic patients was significantly
older than that of the male diabetic patients (62.6 + 11.4
years vs. 71.7 £ 9.5 years, p < 0.001). The BMI was sig-
nificantly higher in males than in females, and atypical
chest pain and dyspnea were more frequently experi-
enced in females than males. At admission, the Killip
class was lower in males than in females. With respect
to medical history, hypertension, previous angina, heart
failure, and cerebrovascular events were significantly
more frequent in females than males; however, smok-
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ing rates and incidence of ST segment elevation myo-
cardial infarction (STEMI) were higher in males than in
females. The use of clopidogrel, calcium channel block-
ers (CCB), and angiotensin-reflector blockers (ARB) was
significantly lower in males, while the use of prasugrel,
angiotensin-converting enzyme inhibitors (ACEI), and
statins (p = 0.006) was significantly higher in males than
females.

After PSM, the age of the diabetic patients (69.8 + 9.4
years vs. 69.9 + 9.4 years, p = 0.737) was not significantly
different between males and females. The BMI, Killip
class, hypertension, dyslipidemia, previous MI and an-
gina, heart failure, cerebrovascular events, and smoking
rates were not significantly different between males and
females. The use of aspirin, clopidogrel, prasugrel, tica-
grelor, CCB, ARB, and statin at hospitalization were also
not significantly different between males and females
(Table 1).

The age of the non-diabetic patients was significantly
older in females than in males (60.4 + 12.3 vs. 72.2 + 11.0,
p < 0.001). Systolic blood and diastolic blood pressures
were higher in males, while the heart rate was higher
in females. BMI was significantly higher in males than
in females, and atypical chest pain and dyspnea were
more frequently observed in females than in males. At
admission, high Killip class, a history of hypertension,
heart failure, and cerebrovascular events were more fre-
quently noted in females than in males. Previous MI
and smoking rates were significantly higher in males
than in females, and STEMI was also more common in
male. The use of clopidogrel and ARB was significantly
lower in males than in females, while the use of prasu-
grel, ticagrelor, ACEI, and statin was significantly higher
in males than in females.

After PSM, the age of the non-diabetic patients (0.0 +
10.4 years vs. 70.4 + 10.8 years, p = 0.296) was not signifi-
cantly different between males and females. There were
no significant differences in BMI, Killip class, hyper-
tension, dyslipidemia, previous MI and angina pectoris,
heart failure, cerebrovascular events and smoking rates.
Use of aspirin, clopidogrel, prasugrel, ticagrelor, CCB,
ACE]J, and statin was not significantly different between
males and females at hospitalization, although ARB
were administered significantly more often in females
than in males (Table 2).
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Table 1. Clinical characteristics of diabetic patients

) Overall DM patients (n = 4,458) After propensity score matching (n = 2,046)
Variable

Male (n=3,106) Female(n=1352) pvalue Male(n=1,023) Female(n=1,023) pvalue

Baseline clinical characteristic

Age, yr 62.6 £11.4 717+ 9.5 <0.001 69.8+9.4 69.9+9.4 0.737
Diastolic BP, mmHg 78.2 £18.2 77.4 +18.2 0.891 77.4 +16.7 77.6 £183 0.821
Systolic BP, mmHg 130.3 £30.1 131.7 £30.9 0.341 131.1 £ 29.4 131.7 £ 31.0 0.640
Heart rate, /min 80.8 +20.1 82.8 £20.4 0326 81.6 £19.5 82.6 £ 20.2 0.243
BMI, kg/m? 24.4%3.2 23.7%3.5 < 0.001 23.7£3.1 23.9+3.5 0.588
Atypical chest pain 504 (16.2) 300 (22.2) <0.001 207 (20.2) 224 (21.9) 0.357
Dyspnea 780 (25.1) 435 (32.2) <0.001 334 (32.6) 315 (30.8) 0367
Killip class
<2 2,610 (84) 1,053 (77.9) <0.001 816 (79.8) 812 (79.4) 0.826
=3 496 (16) 299 (22.1) 207 (20.2) 211(20.6)
Hypertension 1,813 (58.4) 1,032 (76.3) <0.001 752 (73.5) 746 (72.9) 0.765
Dyslipidemia 449 (14.5) 180 (13.3) 0314 149 (14.6) 136 (13.3) 0.407
Previous MI 341 (11) 140 (10.4) 0.537 122 (11.9) 118 (11.5) 0.783
Previous angina 357 (11.5) 198 (14.6) 0.003 164 (16.0) 155 (15.2) 0.583
Previous HF 54 (1.7) 51(3.8) <0.001 28 (2.7) 22 (2.2) 0390
Previous CVA 264 (8.5) 162 (12) <0.001 127 (12.4) 125 (12.2) 0.893
Current smoking 1,424 (45.8) 89 (6.6) <0.001 86 (8.4) 89 (87 0.813
Clinical diagnosis
STEMI 1,456 (46.9) 495 (36.6) <0.001 422 (41.3) 381 (37.2) 0.063
Concomitant medication
Aspirin 3,084 (99.3) 1,341 (99.2) 0.706 1,015 (99.2) 1,013 (99.0) 0.636
Clopidogrel 2,422 (78) 1,158 (85.7) <0.001 870 (85.0) 864 (84.5) 0712
Prasugrel 407 (13.1 79 (5.8) < 0.001 73 (7.1) 67 (6.5) 0.599
Ticagrelor 644 (29.1) 266 (27.9) 0.499 185 (26.7) 216 (30.3) 0.140
CCB 265 (8.5) 148 (10.9) 0.011 113 (11.0) 111 (10.9) 0.887
ACEI 1,349 (43.4) 523 (38.7) 0.003 352 (34-4) 408 (39.9) 0.010
ARB 1,042 (33.5) 518 (38.3) 0.002 403 (39.4) 389 (38.0) 0.525
Statin 2,755 (88.7) 1,160 (85.8) 0.006 872 (85.2) 880 (86.0) 0.614
Echocardiography findings
LVEE, % 50.2+11.8 49.9£12.4 0.392 49.2+£12.2 49.9£12.3 0.156
Laboratory findings at admission
WBC, 103/mL 10.9+5.9 10.6+43 0.046 103+83 10.6 £ 4.4 0.350
Neutrophil, % 67.1+14.8 703 +13.8 <0.001 68.7 £14.8 70.1 +14.0 0.027
Hemoglobin, g/dL 13.9 2.2 11.9 £ 1.9 < 0.001 13.1+23 11.9 £ 1.9 < 0.001
Platelet, 103/uL 224.5+66.8 249.6 £ 77.5 <0.001  215.2+68.8 248.8 +75.5 < 0.001
Glucose, mg/dL 220.6 £ 97.5 236.7 £114.6 <0.001  212.2%03.1 237.0 £114.1 < 0.001
Creatinine, mg/dL 1.4+1.6 13+1.2 0.001 1.7+1.8 13+13 < 0.001
CK-MB, ng/mL 95.1£133.4 71.6 £100.7 <o0.001 76.9 £104.7 71.1£100.7 0.205
Troponin I, ng/mL 49.5+93.4 35.6 £ 83.7 <0.001 50.6 £ 93.8 353+89.4 <0.001
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Table 1. Continued
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Overall DM patients (n = 4,458)

After propensity score matching (n = 2,046)

Variable

Male (n=3,106) Female(n=1352) pvalue Male®=1,023) Female(n=1,023) pvalue
Total cholesterol, mg/dL 168.4 £ 46.5 171.6 £50.9 0.051 156.1 £ 41.9 173.1£51.6 <0.001
Triglyceride, mg/dL 148.9 £132.1 133 + 94.1 < 0.001 125.2 +110.6 138.0 £ 96.6 0.009
HDL-C, mg/dL 40.2+113 42.9 £13.5 <0.001 40.5+12.0 42.9 £13.6 <o0.001
LDL-C, mg/dL 104.0 £39.4 103.5 + 41.1 0.710 94.9 £35.7 104.3 £ 41.4 < 0.001
hs-CRP, mg/dL 1.9+7.4 2.4+8.4 0.234 25+0.1 25+0.4 0.988
NT-proBNP, pg/mL 3,229.8 £10,673.2 5,091.7+9,275.8 <o0.001 §5,269.9+16,741.8 5,690.5 % 917.9 0.572
Hemoglobin Aic, % 7.7 £1.7 7.6 £1.6 0.112 73 %145 7.6 £1.7 < 0.001
ARU, units 4593 £72.3 466.5+70.7 0.146  469.8 +74.8 465.8 £71.9 0.561
PRU, units 195.5 £105.4 257.3+98.7 <0.001 226.6+102.6 252.1+100.7 0.003

Values are presented as mean + SD or number (%).

DM, diabetes mellitus; BP, blood pressure; BMI, body mass index; MI, myocardial infarction; HF, heart failure; CVA, car-

diovascular accident; STEMI, ST-segment elevation myocardial infarction; CCB, calcium channel blocker; AECI, angioten-

sin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; LVEF, left ventricular ejection fraction; WBC, white

blood cell; CK-MB, creatine kinase myocardial band; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipo-

protein cholesterol; hs-CRP, high sensitivity C-reactive protein; NT-proBNP, N-terminal pro-brain natriuretic peptide; ARU,

aspirin reactivity units; PRU, platelet reactivity units.

Echocardiographic and laboratory findings

In the diabetic group, white blood cell (WBC) and lym-
phocyte counts and hemoglobin, creatinine, triglycer-
ide, low-density lipoprotein cholesterol (LDL-C), cre-
atine kinase-myocardial band (CK-MB), and troponin I
levels were higher in males than in females. Neutrophil
and platelet counts, platelet reactivity units (PRU), and
high-density lipoprotein cholesterol (HDL-C), brain
natriuretic peptide, N-terminal pro-brain natriuretic
peptide (NT-proBNP), and glucose levels were signifi-
cantly lower in males than in females. Although hemo-
globin A1C (HbA1c) was found at relatively high levels,
there was no significant difference between males and
females. On echocardiography, there was no significant
difference in the LVEF between males and females.

After PSM, in the diabetic group, hemoglobin, cre-
atinine, and troponin I levels were significantly higher
in males than in females, while the neutrophil, plate-
let count and glucose, total cholesterol, triglyceride,
HDL-C, LDL-C, HbA1c, and PRU levels were signifi-
cantly lower in males than in females (Table 1).

In the non-diabetic group, WBC and lymphocyte
counts and hemoglobin, creatinine, CK-MB, troponin
I, triglyceride, and high sensitivity C-reactive protein
levels were higher in males than in females. Neutrophil
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and platelet counts and HDL-C, NT-proBNP, glucose,
HbAuic, and PRU levels were lower in males than in fe-
males. On echocardiography, there was no significant
difference in LVEF between males and females.

After PSM, in the non-diabetic group, hemoglobin,
creatinine, CK-MB, ARU, and troponin I levels were
significantly higher in males than in females, while the
platelet counts, total cholesterol, HDL-C, LDL-C, PRU,
and HbAuc levels were significantly lower in males than
in females. The glucose level was not significantly dif-
ferent between males and females. LVEF was signifi-
cantly lower in males than in females (Table 2).

Coronary angiographic findings

In the diabetic group, PCI was more frequently per-
formed in males than in females. Left main artery in-
volved lesion and post-PCI TIMI flow 3 were significant
higher males than females.

After PSM, in the diabetic group, there were no sig-
nificant differences in lesion characteristics by the ACC/
AHA classification and culprit lesion location. The cul-
prit lesions of left main coronary artery was significantly
higher in males (Table 3).

In the non-diabetic group, PCI was more frequent-
ly performed in males than in females. There were no
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Table 2. Clinical characteristics of non-diabetic patients

Overall non-DM patients (n = 8,646) After propensity-score matching (n = 3,412)
Variable Male Female Male Female
(n=6,579) (n=2,067) pvalue (n=1,706) (n=1,706) pvalue
Baseline clinical characteristics
Age, yr 60.4+12.4 72.3 £11.0 <0.001 70.0 *10.4 70.4+10.8 0.296
Diastolic BP, mmHg 79.8 +18.2 76.8 +18.6 <0.001 78.5 +17.6 77.16 £18.9 0.062
Systolic BP, mmHg 130.3 £ 29.2 128.5 £31.1 0.017 129.9 +28.8 128.9£313 0365
Heart rate, /min 76.9 +18.6 78.2+20.2 0.0006 77.2 £19.2 77.5+19.6 0.634
BMI, kg/m? 24.2 £3.1 23.1%3.5 <0.001 23.4%3.0 23.4%3.4 0.764
Atypical chest pain 677 (10.3) 331 (16.0) <0.001 274 (16.1) 247 (14.5) 0.199
Dyspnea 1,364 (20.7) 526 (25.4) <0.001 470 (27.5) 411 (24.1) 0.121
Killip class
<2 5,925 (90.1) 1,766 (85.4) <0.001 1,480 (86.8) 1,482 (86.9) 0.919
=3 654 (9.9) 301 (14.6) 226 (13.2) 224 (13.1)
HTN 2,604 (39.6) 1,241 (60) <0.001 927 (54.3) 955 (56.0) 0335
Dyslipidemia 652(9.9) 193 (9.3) 0.444 178 (10.4) 164 (9.6) 0.425
Previous MI 438 (6.7) 110 (5.3) 0.030 112 (6.6) 100 (5.9) 0395
Previous angina 537 (8.2) 187(9.1) 0.205 198 (11.6) 170 (10.0) 0.122
Previous HF 65(2) 43 (2.1) <0.001 29 (1.7) 32(1.9) 0.698
Previous CVA 310 (4.7) 152 (7.4) <0.001 121 (7.1) 13 (7.7) 0.472
Current smoking 3,431 (52.2) 168 (8.1) <0.001 140 (8.2) 168 (9.8) 0.094
Clinical diagnosis
STEMI 3,459 (52.6) 915 (44.3) <o.001 805 (47.2) 764 (44.8) 0.159
Concomitant medication
Aspirin 6,551 (99.6) 2,057 (99.5) 0727 1,697 (99.5) 1,698 (99.5) 0.808
Clopidogrel 4,942 (75.1) 1,739 (84.1) <0.001 1,433 (84.0) 1,425 (83.5) 0.710
Prasugrel 961 (14.6) 117 (5.7) <0.001 118 (6.9) 105 (6.2) 0368
Ticagrelor 1,501 (33-4) 415 (28.7) 0.001 341 (28.4) 351 (29.5) 0.552
CCB 507 (7.7) 161 (7.8) 0.902 141 (8.3) 138 (8.1) 0.851
ACEI 3,285 (49.9) 865 (41.9) <0.001 721 (42.3) 725 (42.5) 0.890
ARB 1,844 (28) 694 (33.6) <0.001 509 (29.8) 580 (34.0) 0.009
Statin 6,090 (92.6) 1,836 (88.8) <0.001 1,530 (89.7) 1,533 (89.9) 0.865
Echocardiography findings
LVEE, % 52.9 £10.5 52.4+£11.5 0.063 51.9 +11.2 52.8 £11.1 0.015
Laboratory findings at admission
WBC, 103/mL 105+3.9 9.8+43 < 0.001 9.5+3.6 9.6 +43 0.055
Neutrophil, % 65.1+15.4 67.4 £15.4 <0.001 66.6 +15.3 66.8 £15.3 0.794
Hemoglobin, g/dL 145+1.8 12.4+1.6 <0.001 13.8+2.1 12.5+1.6 <o0.001
Platelet, 103/pL 2281+ 623 246.5+74.8 <0.001 2143 +63.1 247.0 £72.4 < 0.001
Glucose, mg/dL 139.8 £45.2 145.0 £57.8 <0.001 141.9 +48.5 144.72 £ 57.7 0.129
Creatinine, mg/dL 1.0+0.8 0.9+ 0.7 <0.001 1.2 g 11l 0.9+ 0.7 <0.001
CK-MB, ng/mL 127.8 £168.7 96.7 £137.7 < 0.001 110.7 £166.4 09.5+141.8 0.035
TnI, ng/mL 513 £120.0 36.5 £ 85.0 <0.001 53.6 £100.8 34.8 £ 64.1 <0.001
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Table 2. Continued

Overall non-DM patients (n = 8,646) After propensity-score matching (n = 3,412)

Variable Male Female Male Female

(=659  (=206) P moiges)  eoigos PV
Total cholesterol, mg/dL 181.9 £ 44.3 183.1+46.3 0.296 169.6 * 40.0 184.3 £ 45.9 < 0.001
Triglyceride, mg/dL 134.3 £ 115.6 107.9 + 81.6 <0.001 104.8 + 69.2 109.6 + 84.0 0.081
HDL-C, mg/dL 42.8£113 46.4+12.6 < 0.001 43.8+11.8 46.4£12.5 <0.001
LDL-C, mg/dL 115.7 £38.6 116.0 * 40.0 0.753 106.5 +£35.2 116.9 + 40.0 <0.001
hs-CRP, mg/dL 1.2%4.1 1.5%5.73 0.026 1.50 £ 4.1 1.3+5.8 0.359
NT-proBNP, pg/mL 1,306.1 £ 4,659.0 3,617.9+6,823.7 < 0.001 2,799.3 £7,694.2 2,976.6 £5,967.6 0.507
Hemoglobin Aic, % 5.6 0.4 5.7+0.4 0.002 5.6+ 0.4 5.7+ 0.4 0.017
ARU, units 458.0 £76.9 463.0 = 69.5 0.217 465.9 +74.8 459.2 + 69.1 <0.001
PRU, units 176.8 +104.8 237.0£115.0  <0.001 207.3 £102.5 236.1 +112.7 0.015

Values are presented as mean + SD or number (%).

DM, diabetes mellitus; BP, blood pressure; BMI, body mass index; HT'N, hypertension; MI, myocardial infarction; HF, heart
failure; CVA, cardiovascular accident; STEMI, ST-segment elevation myocardial infarction; CCB, calcium channel blocker;
AECI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; LVEF, left ventricular ejection fraction;
WBC, white blood cell; CK-MB, creatine kinase myocardial band; Tn I, troponin-I; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein; NT-proBNP, N-terminal pro-

brain natriuretic peptide; ARU, aspirin reactivity units; PRU, platelet reactivity units.

significant differences in culprit lesions location and
lesion characteristics by the ACC/AHA classification in
both males and females. The TIMI III flow was higher
in males than female after the procedure.

After PSM, in the non-diabetic group, the ACC/AHA
lesion characteristics were significantly different be-
tween males and females, with more frequent C types in
males. The culprit lesions of left main was significantly
higher in males than females (Table 4).

Three-year clinical outcomes

In the diabetic group, over all the 3-year clinical fol-
low-up, all cause death (p < o.001), cardiac death (p <
0.001), non-cardiac death (p < o.001), and MACE (p <
o.001) were significantly higher in females than in the
males.

After PSM, in the diabetic group, the all cause death
(b = 0.813) and MACE (p = 0.698) were not significantly
different between males and females (Table 5). Analysis
using Kaplan—-Meier survival curves showed no signifi-
cant difference between mortality and MACE in males
and females in the diabetic group (Fig. 1).

In the non-diabetic group, during 3-year follow-up, all
cause death (p < 0.001), cardiac death (p < 0.001), non-car-
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diac death (p = 0.005), MACE (p < 0.001), and repeat PCI
(b = 0.002) were significantly higher in females than in
males.

After PSM, in the non-diabetic group, all cause death (p
= 0.002), non-cardiac death (p = 0.006), MACE (p < 0.001),
repeat PCI (p = 0.03), CABG (p = 0.007) were significantly
higher in males than in females (Table 6). Analysis us-
ing Kaplan-Meier survival curves showed that mortality
and MACE in the non-diabetic group were significantly
higher in males than in females (Fig. 2).

Predictive factors of 3-year mortality

Predictors of mortality in males in the PSM diabet-
ic group were old age over 65 years, low LVEF (< 40%),
tachycardia (> 100, beats/min), high Killip class, high
creatinine level (> 1.3 mg/dL), low hemoglobin level (< 12
g/dL) and no PCI, whereas in females, predictors includ-
ed age over 65 years, low LVEF (< 40%), high creatinine
level (> 1.3 mg/dL), low hemoglobin level (< 12 g/L), and
no PCI (Table 7).

Predictors of mortality of males in the PSM non-dia-
betic group were age over 65 years, no PCI, low LVEF (<
40%), high creatinine level (> 1.3 mg/dL), high Killip class,
and low hemoglobin level (<12 g/dL), whereas in females,
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Table 3. Coronary angiographic findings and procedural characteristics for diabetic patients

Overall DM patients (n = 4,458)

After propensity-score matching (n = 2,046)

Variable
Male (n=3,106) Female (n=1352) pvalue Male(n=1,023) Female (n=1,023) pvalue
PCI 2,755 (88.7) 1,152 (85.2) 0.001 874 (85.4) 873 (85.3) 0.950
ACC/AHA type
A 35(1.3) 15 (1.3) 0.650 20 (2.2) 14 (1.6) 0.721
B1 311 (11.2) 135 (11.7) 109 (12.2) 104 (11.8)
B2 1,018 (36.6) 444 (38.4) 316 (35.5) 325(37.0)
C 1,414 (50.9) 563 (48.7) 445 (50.0) 435 (49-5)
Target vessel
LM 87 (3.15) 28 (2.4) 0.130 35(3.9) 22 (2.5) 0.008
LAD 1,248 (44.9) 542 (46.8) 385 (43.3) 421 (47.9)
RCA 990 (35.6) 378 (327) 344 (38.7) 286 (32.6)
LCX 453 (16.3) 209 (18.1) 126 (14.2) 149 (17.0)
Number of involved vessels
LM (simple) 20 (0.) 2(0.2) 0.009 5(0.5) 2(0.2) 0.023
LM (complex) 187(6.3) 57(4.6) 82(8.5) 46 (4.9)
Singe vessel disease 1,212 (40.7) 479 (38.5) 359 (37.0) 371 (39.6
Two vessel disease 900 (30.2) 396 (31.9) 299 (30.8) 289 (30.8)
Three vessel disease 657 (22.1) 309 (24.9) 225(23.2) 230 (24.5)
Pre-PCI TIMI flow < 2 2,313 (74.5) 999 (73.9) 0.685 780 (76.2) 754 (73.7) 0.185
Post-PCI TIMI flow 3 2,673 (86.1) 1,115 (82.5) 0.002 845 (82.6) 843 (82.4) 0.907

Values are presented as number (%).

DM, diabetes mellitus; PCI, percutaneous coronary intervention; ACC/AHA, American College of Cardiology/American Heart
Association; LM, left main; LAD, left anterior descending; RCA, right coronary artery; LCX, left circumflex artery; TIMI,

thrombolysis in myocardial infarction.

they were age over 65 years, low hemoglobin level (< 12
g/dL), low LVEF (< 40%), high creatinine level (> 1.3 mg/
dL), tachycardia (> 100, beats/min), high Killip class, low
HDL-C level ( > 40 mg/dL), and no PCI (Table 8).

DISCUSSION

In the PSM analysis, male and female AMI patients with
DM were comparable in mortality, but male MI patients
without DM had higher mortality rate and incidence of
MACE than female AMI patients without DM.
According to the 2018 National Statistical Office data
[18], the mortality rate of circulatory system disease was
122.7 per 100,000 populations, followed by heart disease,
cerebrovascular disease, and hypertensive disease. The
mortality rate due to hypertensive disease, heart disease,

S106 www.kjim.org

and cerebrovascular disease increased compared with
that in the previous year; among these conditions, isch-
emic heart disease, including AMI, resulted in a higher
mortality rate in males than in females. In a previous
study, female AMI patients had a higher mortality rate
than males possibly because females were older than
males at the time of disease onset [19]. The incidence
rates of heart disease, DM, and hypertension in females
was also high [20]. Similarly, in the present study, fe-
males with and without DM were older than males, and
the prevalence rate of underlying diseases was higher in
females than in males. Regarding long-term prognosis,
females demonstrated a significantly higher mortality
rate and incidence of MACE than males.

A European study analyzed the long-term prognosis
of patients with AMI and found that the mortality rate
was not significantly different between males and fe-
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Table 4. Coronary angiographic findings and procedural characteristics for non-diabetic patients

Variable Overall non-DM patients (n = 8,646) After propensity-score matching (n = 3,412)
Male (n = 6,579) Female (n=2,067) pvalue Male(n=1,706) Female(n=1,706) pvalue
PCI 6,018 (91.5) 1,746 (84.5) <0.001  1,485(87.0) 1,486 (87.1) 0.959
ACC/AHA type
A 01 (1.5) 27 (1.5) 0.100 47 (3.1) 26 (1.7) <0.001
B1 729 (12) 232 (13.1 190 (12.6) 205 (13.7)
B2 2,214 (36.6) 690 (39.1) 477 (31.8) 567 (37.8)
C 3,019 (49.9) 817 (46.3) 788 (52.5) 703 (46.8)
Target vessel
LM 126 (2.1) 33 (1.9) 0.400 51(3.4) 27 (1.8) 0.012
LAD 2,823 (46.6) 863 (48.9) 684 (45.5) 739 (49.2)
RCA 2,025 (33.5) 558 (31.6) 505 (33.6) 468 (31.2)
LCX 1,079 (17.8) 312 (17.7) 262 (17.4) 267 (17.8)
Number of involved vessels
LM (simple) 29 (0.5) 8(0.4) <0.001 12 (0.7) 8(0.5) <0.001
LM (complex) 274 (4.4) 78 (4.2) 114 (7.1) 63 (4.0)
Singe vessel disease 3,336 (53) 943 (50.3) 742 (46.3) 816 (51.9)
Two vessel disease 1,743 (27.7) 516 (27.5) 458 (28.6) 432 (27.5)
Three vessel disease 913 (14.5) 329 (17.6) 278 (17.3) 254 (16.1)
Pre-PCI TIMI flow < 2 5,049 (76.7) 1,606 (77.7) 0369 1,368 (80.2) 1,319 (773 0.040
Post-PCI TIMI flow 3 5,867 (89.2) 1,675 (81) <0.001 1,429 (83.8) 1,434 (84.1) 0.816

Values are presented as number (%).

DM, diabetes mellitus; PCI, percutaneous coronary intervention; ACC/AHA, American College of Cardiology/American Heart
Association; LM, left main; LAD, left anterior descending; RCA, right coronary artery; LCX, left circumflex artery; TIMI,
thrombolysis in myocardial infarction.

Table 5. Clinical outcomes at the 3-year follow-up in diabetic patients

Variable Overall DM patients (n = 4,458) After propensity-score matching (n = 2,046)
Male (n=3,206) Female(n=1352) pvalue Male(n=1,023) Female(n=1,023) pvalue
All-cause death 449 (14.6) 303 (22.7) <0.001 213 (21.1) 218 (21.5) 0.813
Cardiac death 304(9.9) 204 (15.3) < 0.001 142 (14.1) 141 (13.9) 0.927
Non-cardiac death 145 (4.7) 99 (7.4) <o0.001 71 (7.0) 77 (7.6) 0.622
Recurrent MI 123 (4.2) 63 (5.0) 0.248 43 (4-6) 44 (4-6) 0.965
Repeat PCI 202 (6.9) 74 (5.1) 0.221 63(6.7) 6.4 (61) 0.791
CABG 16 (0.5) 7(1.6) 0.970 7(0.7) 7(0.7) 0.979
MACE 615 (21) 354 (28.1) <0.001 309 (30.6) 318 (31.4) 0.698

Values are presented as number (%).
DM, diabetes mellitus; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass
graft; MACE, major adverse cardiac events.

males in the age-adjusted analysis [21]. In another study long-term mortality rates between male and female AMI
in Europe, no difference was found in the short and patients in PSM analysis [22].
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Figure 1. Kaplan—Meier curve for major adverse cardiac events (MACE) and mortality in diabetic patients with acute myocardi-
al infarction. Cumulative rate of mortality (A) and MACE (B).

Table 6. Clinical outcomes at the 3-year follow-up in non-diabetic patients

Variable Overall non-DM patients (n = 8,646) After propensity-score matching (n = 3,412)
Male (n=6,579) Female (n=2,067) pvalue Male (n=1,023) Female(n=1,023) pvalue
All cause death 552 (8.5) 305 (15) <0.001 265 (15.8) 203 (12.0) 0.002,
Cardiac death 373 (5.7) 224 (11) <0.001 178 (10.6) 148 (8.8) 0.078
Non-cardiac death 179 (2.8) 81 (4) 0.005 87(5.2) 55(3.3) 0.006
Recurrent MI 151 (2.4) 57(3) 0.167 36 (2.2) 50 (3.1) 0.135
Repeat PCI 410 (6.5) 89 (4.6) 0.002 107 (6.7) 79 (4-9) 0.030
CABG 24 (0.4) 3(1.2) 0.131 12 (0.7) 2(0.1) 0.007
MACE 935 (14.8) 336 (17.4) 0.005 333 (20.8) 251 (15.6) <0.001

Values are presented as number (%).

DM, diabetes mellitus; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass
graft; MACE, major adverse cardiac events.
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Figure 2. Kaplan-Meier curve for major adverse cardiac events (MACE) and mortality in non-diabetic patients with acute myo-
cardial infarction. Cumulative rate of mortality (A) and MACE (B).
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Table 7. Cox regression analysis for independent predictors of 3-year mortality in diabetic patients

Diabetic male patients (n = 1,023, respectively)

Variable Univariate analysis Multivariate analysis
HR 95% CI pvalue HR 95% CI pvalue
Male
Age = 65 years 3.044 1.958—-4.735 <0.001 3.149 1.636—6.062 0.001
Killip class =3 4.603 3.510—6.037 <0.001 2.028 1.346-3.056 0.001
Heart rate = 100/min 0.536 0.364-0.789 0.002 2.758 1.289-5.902 0.009
Current smoking 0.777 0.452-1.336 0362
Hemoglobin <12 g/dL 3.271 2.496—4.288 < 0.001 1.656 1.163-2.356 0.005
Creatinine > 1.3 mg/dL 3.549 2.7—4.667 <0.001 1.768 1.192-2.625 0.005
Triglyceride > 150 mg/dL 1311 0.992-1.732 0.057
Total cholesterol > 200 mg/dL 1.062 0.755-1.493 0.731
HDL-C < 40 mg/dL 1.290 0.985-1.690 0.064
LDL-C > 130 mg/dL 0.543 0.307—-0.959 0.036 1.122 0.562-2.243 0.744
LVEF < 40% 3.753 2.782-5.064 <0.001 2.899 1.984—4.237 <0.001
No PCI 2.856 2.120-3.847 <o0.001 2.104 1.468-3.014 <0.001
SBP = 140 mmHg 0.663 0.495-0.888 0.006 0.618 0.419—0.912 0.015
BMI > 25 kg/m? 0.627 0.459-0.858 0.004 0.713 0.473-1.073 0.104
Female
Age = 65 years 2.530 1.690-3.787 < 0.001 3.067 1.882—5.000 < 0.001
Killip class =3 3.179 2.422—4.174 < 0.001 1.248 0.862-1.806 0.241
Heart rate = 100/min 0327 0.233-0.460 <0.001 0.627 0.390-1.010 0.055
Current smoking 0.811 0.487-1.349 0.420
Hemoglobin <12 g/dL 2.497 1.887-3.305 < 0.001 1.551 1.086-2.214 0.016
Creatinine > 1.3 mg/dL 3.451 2.636—4.518 <0.001 2.111 1.491-2.989 <0.001
Triglyceride > 150 mg/dL 1.036 0.788-1.361 0.800
Total cholesterol > 200 mg/dL 0.856 0.636-1.153 0.306
HDL-C < 40 mg/dL 1.246 0.954-1.629 0.107
LDL-C > 130 mg/dL 0.707 0.478-1.045 0.082
LVEF < 40% 3.272 2.445—4.380 <o0.001 2.505 1.777-3.531 <0.001
No PCI 2.385 1.764-3.224 <0.001 1.974 1.359-2.866 <0.001
SBP = 140 mmHg 0.586 0.439—0.782 <o0.001 0.753 0.535-1.061 0.105
BMI > 25 kg/m? 0.870  0.646-1.172 0.360

HR was calculated by Cox regression analysis.

HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; LVEEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; BMI,
body mass index.

According to the Korean AMI data, females had a sig- A German study compared the long-term mortality in
nificantly higher mortality rate and incidence of MACE male and female MI patients with and without DM. In
than males because female patients tended to be older at that study, the mortality rate in male and female patients
the time of disease and have more underlying diseases without DM were comparable, but female patients with
than male patients [23)]. DM had a significantly higher mortality rate than male
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Table 8. Cox regression analysis for independent predictors of 3-year mortality in non-diabetic patients

Non-diabetic patients (n = 1,706, respectively)

Variable Univariate analysis Multivariate analysis
HR 95% CI pvalue HR 95% CI pvalue
Male
Age = 65 years 4.201 2.761-6.393 < 0.001 3.871 2.129-7.038 < 0.001
Killip class =3 5.230 4.065-6.730 <0.001 1.905 1.358-2.671 < 0.001
Heart rate > 100/min 2.464 1.843-3.294 < 0.001 1.155 0.789-1.689 0.459
Current smoking 0.865 0.520-1.381 0.545
Hemoglobin <12 g/dL 3.935 3.073-5.038 <0.001 1.867 1.356—2.571 <0.001
Creatinine > 1.3 mg/dL 3.916 3.039-5.046 <0.001 1.998 1.442-2.766 <o0.001
Triglyceride >150 mg/dL 1.256 0.965-1.635 0.090
Total cholesterol > 200 mg/dL 0.824 0.615-1.102 0.192
HDL-C < 40 mg/dL 0.747 0.559—1.000 0.510
LDL-C > 130 mg/dL 0.641 0.445—0.922 0.017 1.298 0.814-2.070 0.273
LVEF < 40% 4.414 3.317-5.874 < 0.001 2.041 1.455—2.863 < 0.001
No PCI 2.320 1.744—3.083 <0.001 2.060 1.480-2.865 <o0.001
SBP = 140 mmHg 0.688 0.530—0.894 0.005 0.942 0.703-1.264 0.692
BMI = 25 kg/m? 0309 0.210-0.455 <o0.001 0.561 0.360-0.875 0.051
Female
Age = 65 years 3.729 2.324-5.983 <o0.001 2.904 1.502—4.833 0.001
Killip class =3 4.013 2.997-5.375 < 0.001 1.780 1.182-2.682 0.006
Heart rate = 100/min 2.910 2.111-4.011 <0.001 1.791 1.170-2.742 0.007
Current smoking 1.422 0.947-2.135 0.089
Hemoglobin <12 g/dL 2.995 2.264-3.691 < 0.001 2.080 1.439-3.008 < 0.001
Creatinine > 1.3 mg/dL 4.866 3.478—-6.806 <0.001 1.895 1.134-3.167 0.015
Triglyceride >150 mg/dL 1.322 0.979-1.784 0.069
Total cholesterol > 200 mg/dL 0.744 0.550—1.007 0.055
HDL-C < 40 mg/dL 1.501 1.247-2.030 < 0.001 1.406 1.028-1.922 0.033
LDL-C > 130 mg/dL 0.634 0.439—0.915 0.015 0.940 0.606-1.456 0.780
LVEF < 40% 3.480 2.464-4.915 <0.001 2.009 1384-2.916 <0.001
No PCI 2.101 1.510—2.923 <0.001 1.853 1.290-2.603 0.001
SBP = 140 mmHg 0.454 0.326-0.631 <o0.001 0.818 0.560-1.195 0.299
BMI > 25 kg/m? 0.537 0.372—0.773 0.001 0.770 0.501-1.182 0.231

HR was calculated by Cox regression analysis.

HR, hazard ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; LVEEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; BMI,
body mass index.
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patients with DM [24]. In contrast, a study in Finland
conducted an age-adjusted analysis of the prevalence of
AMI in patients with and without DM and found that
males had a significantly higher AMI rate than females
[2s].

In a European study, the incidence of coronary ar-
tery disease was comparable between male and female
diabetic patients. However, the incidence of obstruc-
tive coronary artery disease was higher in non-diabet-
ic males than in non-diabetic females [26]. Obstructive
coronary artery disease has a higher mortality rate than
non-obstructive and normal coronary arteries [27]. The
results regarding the differences in clinical outcomes
between males and females may be related to the intrin-
sic differences in biology, pathophysiology, and psycho-
social factors according to sex [28].

The level of troponin I measured at hospitalization
was significantly higher in males than in females in
both the diabetic and non-diabetic groups. Troponin I
is a myocardium-specific enzyme related to multi-vessel
diseases and complex lesions found through coronary
angiography [29]. Males with and without DM had sig-
nificantly more culprit lesions in the left main coronary
artery than females; culprit lesions in the left main coro-
nary artery were associated with a high mortality rate in
a previous study [30]. In addition, on coronary angiogra-
phy, type C lesions were significantly more common in
non-diabetic males than in non-diabetic females.

For both sexes, factors affecting mortality in the dia-
betic and non-diabetic groups were old age, heart failure,
renal dysfunction, anemia and no PCI. The author also
confirmed that the average creatinine level measured at
hospitalization was significantly higher in males than in
females. Previous studies have also reported that mortal-
ity is significantly higher for both cardiac and non-car-
diac deaths if the creatinine level is higher than 1.2 mg/
dL [31]. In addition, non-diabetic males showed a lower
average LVEF than non-diabetic females. In the United
States Framingham Heart Study comparing the long-
term mortality rates in males and females with heart
failure, males had higher mortality rates than females in
the age-adjusted and unadjusted analysis [32]. In addi-
tion, old age was found to be the independent predictor
of mortality, while a preceding study found that old age
was a major predictor of mortality in patients with AMI
[33]- In particular, the mortality rate in patients with AMI
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aged = 75 years was found to be higher in males than in
females [34].

The present study prospectively enrolled patients
with AMI, and some limitations should be considered
when interpreting its results. First, since the fasting
blood glucose level and HbA1c level were not measured
in all patients, patients who were not diagnosed with
DM may have been excluded from the diabetic group.
Second, it is essential to check whether patients diag-
nosed with DM after discharge are adhering to the DM
treatment regimen.

In conclusion, there was no significant difference in
the prognosis of patients with AMI accompanied by DM
in terms of sex. However, non-diabetic male AMI pa-
tients showed higher mortality and MACE than non-di-
abetic females AMI patients did.

KEY MESSAGE

1. Female acute myocardial infarction (AMI) pa-
tients with and without diabetes had a higher
mortality than male AMI patients with and
without diabetes.

2. After propensity score matching, there was
no significant difference in the prognosis of’
male and female diabetic patients. Mortality
and major adverse cardiac events were higher
in non-diabetic males than in non-diabetic fe-
males.

3. Old age, renal dysfunction, heart failure, and
anemia affected the mortality of the diabetic
and non-diabetic groups in both sexes.
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