
519Copyright © 2013 The Korean Society of Cardiology

Korean Circulation Journal

Original Article

http://dx.doi.org/10.4070/kcj.2013.43.8.519
Print ISSN 1738-5520 • On-line ISSN 1738-5555

One-Year Clinical Outcomes among Patients with  
Metabolic Syndrome and Acute Myocardial Infarction
Mi Seon Ji, MD1, Myung Ho Jeong, MD1,13, Youngkeun Ahn, MD1,13, Young Jo Kim, MD2, Shung Chull Chae, MD3,  
Taek Jong Hong, MD4, In Whan Seong, MD5, Jei Keon Chae, MD6, Chong Jin Kim, MD7, Myeong Chan Cho, MD8,  
Seung-Woon Rha, MD9, Jang Ho Bae, MD10, Ki Bae Seung, MD11, Seung Jung Park, MD12, and  
Other Korea Acute Myocardial Infarction Registry Investigators
1Chonnam National University Hospital, Gwangju, 2Yeungnam University Hospital, Daegu, 3Kyungpook National University Hospital, Daegu,  
4Pusan National University Hospital, Busan, 5Chungnam National University Hospital, Daejeon, 6Chunbuk National University Hospital, Jeonju,  
7Kyung Hee University Hospital, Seoul, 8Chungbuk National University Hospital, Cheongju, 9Korea University Guro Hospital, Seoul,  
10Konyang University, Daejeon, 11The Catholic University of Korea, Seoul St. Mary’s Hospital, Seoul, 12Asan Medical Center, Seoul,  
13Korea Cardiovascular Stent Research Institute of Chonnam National University, Gwangju, Korea

Background and Objectives: Metabolic syndrome (MetS) is an important risk factor for cardiovascular disease. However, the clinical 
outcome of acute myocardial infarction (AMI) with MetS has not been well examined. The purpose of this study was to evaluate the clini-
cal outcomes of AMI patients with MetS.
Subjects and Methods: We evaluated a total of 6352 AMI patients who had successful percutaneous coronary interventions and could 
be identified for MetS between 2005 and 2008 at 51 hospitals participating in the Korea Acute Myocardial Infarction Registry. They were 
divided into 2 groups according to the presence of MetS: the MetS group (n=2493, 39.2%) versus the Non-MetS group (n=3859, 60.8%). 
In addition, 4049 AMI patients with high levels of low density lipoprotein-cholesterol (LDL-C) (≥100 mg/dL) among them, were divided 
into the MetS group (n=1561, 38.6%) versus the Non-MetS group (n=2488, 61.4%). 
Results: In the overall population, there was no significant difference in 12-month the major adverse cardiac events (MACE) rate be-
tween the 2 groups. However, the MetS group showed a significantly higher 12-month MACE rate in the high LDL-C population. Multi-
variate analysis showed that MetS was an independent prognostic factor for 12-month MACE {hazard ratio (HR) 1.607, 95% confidence 
interval (CI) 1.027 to 2.513, adjusted p=0.038} and for 12-month target vessel revascularization (HR 1.564, 95% CI 1.092 to 2.240, ad-
justed p=0.015) in the high LDL-C population. 
Conclusion: MetS patients with AMI in the overall population showed no significant difference in 12-month clinical outcomes. However, 
in patients with higher LDL-C ≥100 mg/dL, they showed significantly worse clinical outcome than Non-MetS patients. Therefore, it is im-
portant to ascertain the presence of MetS in AMI patients, and more aggressive therapy should be strongly considered for AMI patient 
with MetS. (Korean Circ J 2013;43:519-526)
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Introduction

These days, the prognosis of acute myocardial infarction (AMI) re-
mains unsatisfactory despite the development of treatments, ne-

cessitating the discovery of causes and their appropriate correction. 
Searching for patients who are susceptible to poor outcomes after 
AMI and providing them with more optimal treatment could be a so-
lution to improving the prognosis of AMI patients. 
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Metabolic syndrome (MetS) is a major cause of AMI, with a rapid-
ly increasing tendency in prevalence. It has multiple cardiovascular 
risk factors consisting of abdominal obesity, high blood pressure, 
impaired blood glucose, high triglyceride, and a low level of high 
density lipoprotein-cholesterol (HDL-C).1)2) There have been many 
studies of the relationship between MetS and cardiovascular dis-
ease.3)4) However, there remains controversy over the impact of MetS 
on prognosis after AMI. Furthermore, there have been relatively few 
studies of the impact of MetS on patients with a high level of low 
density lipoprotein-cholesterol (LDL-C) (more than 100 mg/dL), who 
have been known to be associated with an increased risk of AMI 
among Asian populations.5) 

Therefore, our study investigated the impact of MetS on the long-
term prognosis among AMI patients who underwent successful 
percutaneous coronary intervention (PCI), especially in patients with 
high levels of LDL-C (more than 100 mg/dL), using the database of 
the Korea Acute Myocardial Infarction Registry (KAMIR). 

Subjects and Methods

Patient population
We evaluated a total of 6352 AMI patients who had successful 

PCI and could be identified for the presence of MetS between No-
vember 2005 and January 2008 at 51 hospitals participating in the 
KAMIR. They were divided into 2 groups according to presence of 
MetS: the MetS group (n=2493, 39.2%) versus the Non-MetS group 
(n=3859, 60.8%). Among them, 4049 AMI patients who had high 
levels of LDL-C (more over 100 mg/dL) were selected and divided 
into the MetS group (n=1561, 38.6%) versus the Non-MetS group 
(n=2488, 61.4%). The patient flow chart is shown in Fig. 1.

The KAMIR is the largest multicenter data collection registry in 
Korea, designed to evaluate the outcomes of AMI patients.6) The KA-
MIR included 51 community and teaching hospitals and contained 
data for AMI patients from November 2005 to January 2008. 

The diagnosis of AMI was based on a clinical symptom consistent 
with AMI and at least one of the following: specific changes on the 
electrocardiography, serial increases of serum cardiac markers of 
myocardial necrosis, and/or an angiographic finding of coronary ar-
tery disease (CAD). For the diagnosis of MetS, we used modified Na-
tional Cholesterol Education Program-Adult Treatment Panel III 
criteria.7) The diagnostic criteria for MetS were elevated blood 
pressure (systolic ≥130 mm Hg, or diastolic ≥85 mm Hg) or drug 
treatment for hypertension; impaired blood glucose or drug treat-
ment for elevated glucose or a history of diabetes; reduced HDL-C 
(<40 mg/dL in men, <50 mg/dL in women) or drug treatment for 
dyslipidemia; elevated triglyceride (≥150 mg/dL) or drug treatment 
for dyslipidemia; and abdominal obesity (waist circumference >90 

cm in men and >80 cm in women). Our study included a history of 
drug treatment for hypertension instead of blood pressure and a 
history of drug treatment for diabetes instead of blood glucose for 
the diagnosis of MetS. Coronary artery angiography and stent in-
sertion were performed using standard methods. The decision for 
detailed treatment was left up to the physician’s discretion. A clini-
cal follow-up was performed during a period of 12 months after 
enrollment.

The primary end points were cardiac death and a composite of 
major adverse clinical events (MACE) during the 12-month follow-
up period. MACE included cardiac death, myocardial infarction, and 
target vessel revascularization (TVR). Cardiac death was defined as 
death from pump failure, arrhythmia, ventricular septal rupture, or 
free wall rupture.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) for Windows 

version 18.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses. 
Continuous variables were expressed as mean±standard deviation 
or median (interquartile range), and compared with an indepen-
dent t-test or Mann-Whitney U test. Categorical variables were ex-
pressed as percentage and compared with a chi-square test. Miss-
ing values were coded as “missing” in SPSS. Cox regression analysis 
was performed to analyze the independent impact of MetS on 
12-month clinical outcomes in AMI patients who had undergone 
successful PCI. All variables with p<0.2 in univariate analysis were 
entered into a multivariate analysis. The results are presented as 
adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) 
and p. Co-variables, which were used to adjust for the difference in 
baseline characteristics in 12-month MACE, were age, gender, atypi-
cal symptoms, chest pain, low blood pressure, heart rate, cerebro-

AMI patients who underwent successful PCI patients and  
could be identified for MetS

(n=6352)

High LDL (≥100 mg/dL) population
(n=4049)

Non-MetS
(n=2488)

Non-MetS
(n=3859) MetS

(n=1561)

MetS
(n=2493)

Fig. 1. Patient flow chart. A total of 6352 AMI patients who had successful 
PCI and could be identified for MetS between November 2005 and January 
2008 at 51 hospitals participating in the Korea Acute Myocardial Infarction 
Registry were divided into 2 groups according to the presence of MetS: the 
MetS group versus the Non-MetS group. Among them, 4049 AMI patients 
who had high LDL-C levels (more than 100 mg/dL) were divided into the 
MetS group versus the Non-MetS group. AMI: acute myocardial infarction, 
PCI: percutaneous coronary intervention, MetS: metabolic syndrome, LDL-
C: low density lipoprotein-cholesterol.
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vascular disease, smoking, multi-vessel disease, drug eluting stent 
(DES), left ventricular ejection fraction, creatinine clearance rate 
(CrCl), N-terminal pro-B type natriuretic peptide (NT-proBNP), high-
sensitivity C-reactive protein (hsCRP), troponin T, heparin, glyco-
protein IIb/IIIa (GP2b3a) inhibitors, angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers, beta blockers, calcium 
channel blockers (CCBs), and statin. 

All variables were considered to be statistically significant when 
the p was less than 0.05. 

 
Ethics statement

Our study was conducted according to the Declaration of Helsinki. 
The study protocol was approved by the institutional review board 
of all centers, and the approval number was 05-49 of Chonnam Na-

Table 1. Baseline clinical characteristics

Variables MetS (n=2493) No-MetS (n=3859) p

Age (years)* 65.2 (55.6, 72.6) 62.8 (52.5, 71.6) <0.001

Men 1412 (56.6) 3010 (78.1) <0.001

Diabetes 1454 (58.5) 607 (15.7) <0.001

Hypertension 2001 (80.4) 1544 (40.0) <0.001

Dyslipidemia 294 (13.9) 305 (9.0) <0.001

Previous CAD 203 (8.1) 189 (4.9) <0.001

Smoker 1237 (49.8) 2517 (65.5) <0.001

Family history 174 (7.8) 271 (7.7) 0.900

Chest pain 2108 (86.1) 3312 (86.7) 0.538

Atypical symptoms 333 (13.4) 428 (11.1) 0.007

Symptom to door time (minutes)* 278 (130,895) 257 (120,782) 0.013

Door to balloon time (minutes)* 609 (94,3637) 282 (85,2763) <0.001

SBP (mm Hg) 130.7±29.81 128.4±30.92 0.003

Waist circumference (cm) 94.9±57.3 91.0±65.7 0.016

LVEF (%) 52.0±12.14 52.1±13.31 0.864

Killip class >II 297 (12.2) 370 (9.7) 0.002

STEMI 1498 (60.1) 2624 (68.0) <0.001

Total cholesterol (mg/dL) 187.1±49.97  183.7±43.92 0.006

LDL-C (mg/dL) 118.9±46.02 119.2±41.50 0.791

HDL-C (mg/dL) 40.6±26.94 46.6±24.93 <0.001

Triglycerides (mg/dL) 172.9±130.60 113.4±90.96 <0.001

Glucose (mg/dL) 197.1±94.14 158.0±67.67 <0.001

CrCl (mL/min)* 65.6 (46.0, 87.4) 70.9 (54.0, 89.7) <0.001

CK-MB* (ng/mL) 69.4 (18.0, 187.4) 101.4 (28.0, 232.2) <0.001

Troponin I (ng/mL)* 19.4 (3.9, 50.0) 22.8 (4.2, 53.1) 0.015

hsCRP (mg/L)* 5.5 (1.8, 23.7) 4.6 (1.4, 18.8) <0.001

NT-proBNP (pg/mL)* 599.0 (144.0, 2224.5) 425 (102.0, 1493.8) <0.001

Gp2b3aI 287 (11.5) 510 (13.3) 0.046

ACEI/ARB 2063 (83.1) 3134 (81.4) 0.104

Beta-blockers 1920 (77.3) 2902 (75.4) 0.087

CCB 355 (14.3) 387 (10.1) <0.001

Statin 1985 (79.9) 3074 (79.9) 0.980

Complications 330 (13.3) 452 (11.8) 0.074

Data are presented as the n (%) of patients or mean±SD. *Values are expressed as the median (interquartile range). MetS: metabolic syndrome, CAD: coro-
nary artery disease, SBP: systolic blood pressure, LVEF: left ventricular ejection fraction, STEMI: ST elevation myocardial infarction, LDL-C: low density lipo-
protein-cholesterol, HDL-C: high density lipoprotein-cholesterol, CrCl: creatinine clearance, CK-MB: creatine kinase-MB, hsCRP: high-sensitivity C-reactive 
protein, NT-proBNP: N-terminal pro-B type natriuretic peptide, Gp2b3aI: glycoprotein IIb/IIIa inhibitor, ACEI: angiotensin-converting enzyme inhibitors, 
ARB: angiotensin receptor blockers, CCB: calcium channel blocker 
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tional University Hospital. Written informed consent was obtained 
from all patients.

Results

Baseline characteristics
A total of 6352 patients were included in the overall population; 

2493 (39.2%) patients with MetS and 3859 (60.8%) patients without 
MetS. Among them, a total of 4049 patients were included in the 
high LDL-C population (≥100 mg/dL); 1561 (38.6%) patients with 
MetS and 2488 (61.4%) patients without MetS.

The baseline characteristics are summarized in Table 1. In the ov-
erall population, compared to the Non-MetS group, the MetS group 
was older, more likely to be female, and had more atypical symp-
toms, a higher Killip class (class>II) and a higher tendency of non-
ST-elevation myocardial infarction (NSTEMI). Both symptom to door 

time and door to balloon time were longer in the MetS group. The 
MetS group had more comorbidity factors, such as diabetes, hy-
pertension, dyslipidemia, and a past history of CAD. In addition, hs-
CRP and NT-proBNP were higher, but creatine kinase-MB and tro-
ponin I, and CrCl were lower in the MetS group. Triglyceride and 
blood sugar were higher and HDL-C was lower in the MetS group. 
There were no significant differences in the level of LDL-C between 
the 2 groups. Statin was similarly prescribed in both groups, but less 
GP2b3A inhibitor and more CCBs were prescribed in the MetS group.

Coronary angiographic findings
Coronary angiographic findings are summarized in Table 2. Multi-

vessel involvement and right coronary artery involvement were more 
common in the MetS group. Pre-PCI Thrombolysis in Myocardial In-
farction (TIMI) flow grade 0 was less common in the MetS group. 
There were no differences in the American College of Cardiology/

Table 2. Coronary angiographic findings

Variables MetS (n=2493) No-MetS (n=3859) p 

Culprit coronary artery 

 LAD 1089 (43.7) 1835 (47.6) 0.003

 LCX 433 (17.4) 612 (15.9) 0.113

 RCA 928 (37.2) 1341 (34.7) 0.044

 Left main 37 (1.5) 66 (1.7) 0.489

Vessel number 

 One vessel 858 (34.5) 1766 (45.9) <0.001

 Two vessel 872 (35.1) 1191 (30.9) <0.001

 Three vessel 686 (27.6) 796 (20.7) <0.001

 Left main 69 (2.8) 96 (2.5) 0.491

ACC/AHA type 

 Type A 83 (3.6) 125 (3.4) 0.758

 Type B1 479 (20.5) 668 (18.2) 0.026

 Type B2 612 (26.3) 1020 (27.8) 0.179

 Type C 1157 (49.6) 1851 (50.5) 0.505

Pre-PCI TIMI 

TIMI 0 999 (41.6) 1709 (45.4) 0.004

TIMI I 277 (11.5) 395 (10.5) 0.196

TIMI II 426 (17.8) 612 (16.3) 0.125

TIMI III 698 (29.1) 1050 (27.9) 0.307

Lesion type B2/C 1769 (75.9) 2871 (78.4) 0.026

Pre-PCI TIMI 0/I 1276 (53.2) 2104 (55.9) 0.038

Post-PCI TIMI 0/I 27 (1.1) 28 (0.7) 0.123

Stent length 25.4±6.34 25.2±6.32 0.222

Stent diameter 3.14±0.43 3.17±0.44 0.004

Stent number 1.6±0.91 1.5±0.85 0.001

Data are presented as the n (%) of patients or mean±SD. MetS: metabolic syndrome, LAD: left anterior descending artery, LCX: left circumflex artery, RCA: 
right coronary artery, ACC/AHA: American College of Cardiology/American Heart Association, PCI: percutaneous coronary intervention, TIMI: Thrombolysis 
in Myocardial Infarction
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American Heart Association lesion type, post-PCI TIMI flow grade, 
and stent sizes between the MetS and Non-MetS groups. The stent 
number was higher, and stent diameter was smaller in the MetS group.

Clinical outcomes at 12 months in patients with AMI
A total of 6352 patients were included in the overall population, 

and a total of 4049 patients among them were included in the high 
LDL-C population.

Clinical outcomes in the overall population and in the high LDL-C 
population are listed in Table 3 and 4. In the overall population, the 
in-hospital mortality rate was higher in the MetS group, but there 
was no significant difference. In addition, the 12-month MACE rates 
in the MetS group versus the Non-MetS groups of the overall po-
pulation were 8.8% vs. 6.2%, respectively. The numbers of patients 
included in the final Cox regression analysis for the 12-month MACE 
were 1666 in the overall population, and there was no significant 
difference in the 12-month MACE rates (adjusted p=0.176) between 
the MetS group and Non-MetS groups (Table 3, Fig. 2). However, in 
the high LDL-C population, the 12-month MACE rates of the MetS 
group versus the Non-MetS group were 8.2% vs. 5.5%, and the 
12-month TVR rates were 3.9% vs. 2.9%, respectively. The numbers 
of patients included in the final Cox regression analysis for the 12- 
month MACE rates were 1152 in the high LDL population, and there 
was a significant difference in 12-month MACE rates (adjusted p= 

0.038) as well as 12-month TVR rates (adjusted p=0.015) (Table 4, Fig. 3). 

Predictors of major adverse cardiovascular events 
Multivariate analysis using the Cox proportional hazard model in 

Table 3. Clinical outcomes in the overall population 

Variables MetS (n=2493) No-MetS (n=3859) p p* 

In-Hospital death 64 (2.6) 60 (1.6) 0.026 0.415

12-month outcomes

Cardiac death 106 (4.3) 99 (2.6) <0.001 0.954

Non-fatal MI 21 (0.8) 21 (0.5) 0.125 0.508

TVR 91 (3.7) 116 (3.0) 0.080 0.799

MACE 220 (8.8) 241 (6.2) <0.001 0.176

Values are n (%). All comparisons were made using the chi-square test. P was calculated by log rank analysis, and p* was calculated by multivariate Cox re-
gression analysis. Major adverse cardiac events included cardiac deaths, recurrent myocardial infarction, and target vessel revascularization. p*: adjusted p, 
MetS: metabolic syndrome, MI: myocardial infarction, TVR: target vessel revascularization, MACE: major adverse cardiac event(s) 

Fig. 2. Twelve-month MACE in the overall population. In the overall popu-
lation, 12-month MACE rates were higher in the MetS group than in the 
Non-MetS group, but there was no significant difference between the 2 
groups. MACE: major adverse cardiac events, MetS: metabolic syndrome, 
p*: adjusted p.
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Total 6352 4753 3191

MetS 2493 1832 1196

Non-MetS 3859 2921 1995

Table 4. Clinical outcomes in the high LDL-C population

Variables    MetS (n=1561) No-MetS (n=2488) p p*

In-Hospital death 28 (1.8) 29 (1.2) 0.219 0.358 

12-month outcomes

Cardiac death 52 (3.3) 52 (2.1) 0.015 0.264

Non-fatal MI 13 (0.8) 13 (0.5) 0.237 0.363

TVR 61 (3.9) 72 (2.9) 0.058 0.015

MACE 128 (8.2) 137 (5.5) <0.001 0.038

Values are n (%). All comparisons were made using the chi-square test. P was calculated by log rank analysis, and p* was calculated by multivariate Cox re-
gression analysis. Major adverse cardiac events included cardiac deaths, recurrent myocardial infarction, and target vessel revascularization. p*: adjusted p, 
LDL-C: low density lipoprotein-cholesterol, MetS: metabolic syndrome, MI: myocardial infarction, TVR: target vessel revascularization, MACE: major adverse 
cardiac event(s)
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the overall population showed that MetS was not an independent 
predictor of the 12-month MACE rate (HR 1.284, 95% CI 0.894 to 
1.843, adjusted p=0.176) in AMI. However, multivariate analysis in 
the high LDL-C population, which is shown in Table 5, showed that 
MetS was an independent predictor of 12-month MACE rate (HR 
1.607, 95% CI 1.027 to 2.513, adjusted p=0.038) and of the 12-month 
TVR (HR 1.564, 95% CI 1.092 to 2.240, adjusted p=0.015) in the high 
LDL-C population of AMI. 

Discussion
 
The main finding of this study was that MetS was an independent 

predictor for 12-month MACE and TVR in the high LDL-C popula-
tion, although it was not an independent predictor in the overall 
population. There were no significant differences in the incidences 
of cardiac death and Non-fatal myocardial infarction between the 
MetS group and the Non-MetS groups in the high LDL-C population. 

There have been many studies that have reported an impact of 
MetS on cardiovascular morbidity and mortality in AMI patients, and 
there have been some disagreements formed. Some studies showed 
that MetS was associated with poor outcomes after AMI, including 
severe heart failure, by Zeller et al.8) and in-hospital death in patients 
with ST elevation myocardial infarction (STEMI), by Lee et al.9) Other 
studies, however, have found that MetS was not associated with 
poor outcomes after PCI. Kim et al.10) reported that MetS was not an 
independent predictor of increased in-stent restenosis and MACE 
in patients with angina and significant coronary artery stenosis, 
excluding STEMI. Hoffmann et al.11) also reported that MetS patients 
without diabetes did not have an increased risk for MACE during a 
12-month follow-up period after stent placement. Rana et al.12) also 
showed that MetS was not associated with TVR after PCI in patients 
with stable angina, non-ST-elevation acute coronary syndromes, or 
silent ischemia with PCI. However, meta-analysis showed that MetS 
was associated with a significant increased risk of post-stent all-
cause mortality and MACE in CAD patients with DES.13) 

Our results in the overall population were consistent with previ-
ous studies by Kim et al.10) and Rana et al.12) However, our results in 
the high LDL-C population showed similar trends in results to the 
previous meta-analysis, although there are some differences. MetS 
in the high LDL-C population was associated with an increased risk 
of MACE and TVR in our study, while an increased risk of all-cause 
mortality and MACE in the meta-analysis. These discrepancies be-
tween meta-analysis findings and our study may be due to the dis-
similarities of patient populations, which are differences in the spe-
cies of stents, and follow-up periods. In addition, our study included 
diabetic patients, while other studies did not. Coming together with 
these earlier studies, our study might suggest that MetS could be 
an important risk factor in some populations of AMI patients.

There are possible mechanisms to explain how MetS could have 
an adverse influence on the clinical outcomes in AMI patients. First, 
there is a large difference in the dyslipidemia pattern between the 
MetS group and the Non-MetS group. The MetS group had athero-
genic dyslipidemia, which consists of high triglyceride and lower 
HDL-C, as well as qualitative dyslipidemia, which consists of small 
dense LDL-C (sd-LDL-C) and lipoprotein (Lp) (a).14)15) Sd-LDL-C and Lp 
(a), rather than LDL-C, have been known to be major risk factors for 
atherogenic dyslipidemia16) as well as for the severity of CAD,17)18) 
which causes oxidative stress, endothelial dysfunction, and the in-
flammation of vessels.19) 

Second, inflammation caused by obesity has been known to play 
an important role in the pathogenesis of MetS-associated re-steno-
sis by releasing inflammatory adipocytokines, such as leptin, tumor 
necrosis factor-α, plasminogen activator inhibitor-1, and interleu-
kins 1 and 6.20)21) In the present study, hsCRP, a biomarker for inflam-

Fig. 3. Twelve-month clinical outcomes in the high LDL-C population. In the 
high LDL-C population, 12-month MACE rates were higher in the MetS group 
than in the Non-MetS group, and there was a significant difference between 
the 2 groups. LDL-C: low density lipoprotein-cholesterol, MACE: major ad-
verse cardiac events, MetS: metabolic syndrome, p*: adjusted p.
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Table 5. Multivariate analysis of 12-month MACE in the high LDL-C pop-
ulation

HR 95% CI p*

Chest pain 0.492 0.311-0.779 0.002

DES 0.432 0.257-0.724 0.001

Low EF 2.011 1.179-3.430 0.010

MetS 1.607 1.027-2.513 0.038

p* value was calculated using the multivariate Cox regression analysis. MACE: 
major adverse cardiac events, LDL-C: low density lipoprotein-cholesterol, HR: 
hazard ratio, CI: confidence interval, p*: adjusted p, DES: drug-eluting stent, 
EF: ejection fraction, MetS: metabolic syndrome
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mation that adds prognostic information to MetS, was higher in 
the MetS group than in the Non-MetS group. Moreover, the rate of 
abdominal obesity was higher in MetS patients in the high LDL-C 
population than in those of the overall population (83.8% vs. 
81.6%), respectively. 

Finally, statin is more effective in AMI patients with MetS than in 
those without MetS, because it not only has an effect on the ath-
erogenic dyslipidemia associated with MetS in hypercholesterol-
emic patients,22) which reduces sd-LDL-C as well as LDL-C,23)24) but 
also a characteristic pleiotropic effect, such as an anti-inflamma-
tory, antioxidant effect, and the modulation of endothelial dysfunc-
tion,25-27) resulting in enhanced myocardial perfusion.28)29) In the 
present study, however, statin was underprescribed and similarly 
prescribed to both the MetS and Non-MetS groups in AMI patients 
with high LDL-C, without any consideration of possible benefits ac-
cording to statin treatment in MetS patients. Therefore, these fac-
tors, consisting of atherogenic dyslipidemia, inflammation, and the 
suboptimal use of statin, may play a crucial role in worsening the 
outcome of AMI patients with MetS in the high LDL-C population 
over those without MetS.

Some aspects of our results should be of concern. First of all, the 
present study showed that door to balloon time was longer and GP-
2b3A inhibitor was less prescribed in the MetS group. This might 
mean hesitation toward aggressive treatment in AMI patients with 
MetS, reminding us that there are certain factors involved in less ag-
gressive treatment. Our study showed that MetS patients were more 
likely to be female and had poor features such as older age, a higher 
Killip class, or lower CrCl than those without MetS. Atypical present-
ation as well as NSTEMI was more common among them. These 
factors may be related to the reluctance for, or delay of, aggressive 
treatment and, subsequently, suboptimal management in AMI pa-
tients with MetS, resulting in worsened clinical outcomes. Therefore, 
we suggest that careful consideration for the presence of MetS in 
AMI patients, especially in patients with poor characteristics or in 
patients with atypical presentation or NSTEMI, should be made, and 
more rapid and aggressive treatment should be given to those pa-
tients to improve their clinical outcomes. 

Second, the present study reveals the state of statin treatment for 
AMI patients in real-world clinical practice. Statin has been indicated 
in AMI patients, regardless of LDL-C level, by recent guidelines.30) 
However, our study showed that statin treatment rates were sub-
optimal and there was no significant difference in the statin pre-
scription rate between the MetS group and the Non-MetS group. 
The inference from this finding is that most physicians might pay 
close attention to only LDL-C level, without any consideration of 
MetS, an examination of which may benefit from statin treatment, 
leading to similar prescription rates of statin in real-world clinical 

practice. Therefore, we suggest that statin treatment rates should 
be enhanced in AMI patients, especially among patients with MetS. 

Finally, symptom to door time was longer in AMI patients with 
MetS than among those without MetS in the present study, which 
might negatively influence the clinical outcomes. What might be the 
reason for this? MetS patients had a higher prevalence of diabetes 
and were older. They were also more likely to be female. These fac-
tors could, in turn, have led to more atypical symptoms with a high-
er rate in MetS patients than in Non-MetS patients (13.4% vs. 11.1%, 
p=0.007, respectively). These factors might be related to delays in 
hospital visits, because it is not easy for most patients to recognize 
that atypical symptoms are associated with CAD. Therefore, we sug-
gest that meticulous education in atypical symptoms, as a type of 
possible presentation of AMI, should be given to patients who are 
older or hypertensive or diabetic in outpatient clinics before the on-
set of AMI, in addition to conventional treatment.

Our analysis faces several limitations. First, although these results 
come from a large cohort study, this was a multi-center trial and 
retrospective study, so there is the possibility of selection bias. Sec-
ond, there are many missing data features, including fasting blood 
sugar, sd-LDL-C, Lp (a), and 12-month follow-up LDL level in our reg-
istry. Third, our data for blood pressure and blood glucose were ch-
ecked at admission. The checked level of blood glucose (mean; 
173.4±81.38 mg/dL) and blood pressure (mean; systolic 129.3± 
30.51 mg/dL) were higher than the usual condition because of the 
unstable and emergent condition. Thus, it seemed to be inappropri-
ate to use those data points for the diagnosis of MetS. Our study 
might have overcome this limitation by involving patients with a 
known history of hypertension and diabetes instead of blood pres-
sure and blood glucose. The present study might be a reference for 
MetS patients with AMI in the Korean population, because, to date, 
the data for MetS patients with AMI is relatively insufficient. More 
specialized long-term follow up studies are required in this area.

In conclusion, AMI patients with MetS had significantly worse 
clinical outcomes when compared with Non-MetS patients, in pa-
tients with higher LDL-C of more than 100 mg/dL, although those 
in the overall population showed no significant difference in 12- 
month clinical outcomes. Therefore, it is important to ascertain the 
presence of MetS in AMI patients, and provide more aggressive th-
erapy, including the early initiation of PCI, as well as the greater use 
of GP2b3A inhibitors. Greater statin treatment should also be st-
rongly considered. 
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