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Background and Objectives: Cigarette smoking has been recognized as a prominent threat to women's health. We investigated the im-
pact of smoking on clinical outcomes in Korean female patients after acute myocardial infarction (AMI).

Subjects and Methods: Out of the AMI patients who enrolled in the Korea AMI Registry, 4444 female patients were included in this study.
Patients were divided into two groups-non-smoker and smoker-according to their current smoking status. We compared in-hospital mor-
tality and major adverse cardiac events (MACE), including cardiac death, myocardial infarction, repeated percutaneous coronary interven-
tion (PCI), or coronary artery bypass grafting during the one-year clinical follow-up period between two groups.

Results: The non-smoker group had more hypertension (HTN) and diabetes mellitus. The levels of total cholesterol, triglyceride, and low-
density lipoprotein cholesterol were higher in the non-smoker group. However, in-hospital mortality was significantly higher in the smoker
group (1.0% vs. 2.4%, p=0.002), and cardiac death during the 12-month clinical follow-up was significantly more frequent in the smoker
group (2.2% vs. 4.5%, p=0.003). Total MACEs during the 12 months were higher in the smoker group (4.9% vs. 6.8%, p=0.014). Smoking
and HTN were independent predictors of MACE {odds ratio (OR): 1.742, 95% confidence interval (Cl): 1.010-3.000, p=0.046; OR: 1.573,
959% Cl: 1.003-2.466, p=0.049, respectively}.

Conclusion: Female smokers with AMI showed significantly higher in-hospital mortality and MACE rates during the one-year clinical fol-
low-up period. (Korean Circ J 2015;45(1):22-27)
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Introduction

Ischemic heart disease is the second leading cause of death in
Korea,” and smoking has been recognized as a major risk factor.”
Within the past two or three decades, female smoking habits have
become similar to those of males. The steep rise in prevalence of
smoking among women is expected to continue, while the preva-
lence of smoking among men is expected to decrease. Systematic

review and meta-analysis found that, compared with non-smokers,
female smokers have a 25% greater risk of coronary heart disease
than male smokers.”

The data for men and women may be different but recent work
underscores the importance of smoking as a cause of myocardial
infarction in both genders.“) As an example, in a Norwegian study,
the acute myocardial infarction (AMI) incidence was 4.6 times high-
er among men. The incidence was increased six-fold in women and
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threefold in men who smoked at least 20 cigarettes per day com-
pared with never-smokers, and the rate in female heavy smokers
exceeded that of never-smoking men.” Danish investigators report-
ed that the relative risks suggest that women may be more sensi-
tive than men to some of the deleterious effects of smoking.” Until
now, there have been few reports regarding clinical outcomes in fe-
male smokers with AM.%”

The authors investigated the impact of smoking on the long-term
outcomes in female Korean patients after AMI.

Subjects and Methods

Korea Acute Myocardial Infarction Registry

The Korea Acute Myocardial Infarction Registry (KAMIR) is a Ko-
rean prospective multicenter online registry designed to describe
characteristics and clinical outcomes of Korean patients with AMI
and to reflect current practice of management in Korea.® The regis-
try includes 52 community and university hospitals for primary per-
cutaneous coronary intervention (PCl), and 4444 female patients
were enrolled from 2005 to 2011. Data was collected at each site by
an experienced study coordinator based on a standardized protocol.
The study protocol was approved by the ethics committee at each
participating institution.

Study population

From November 2005 to December 2011, a total of 4444 female
patients with AMI patients were enrolled from the KAMIR. Patients
were divided into two groups according to cigarette smoking sta-
tus; 3819 patients were non-smokers, and 625 patients had smoked
or currently were smokers. The latter group covered people who had
smoked at least one hundred cigarettes during the course of her life.

Definitions and clinical endpoints

Acute myocardial infarction was defined by clinical signs or symp-
toms, increased cardiac biomarkers {creatine kinase-MB (CK-MB),
troponin-I or troponin-T}, and 12-lead electrocardiographic findings.
Non-ST segment elevation myocardial infarction (STEMI) was defined
as troponin- levels elevated above 0.05 (units) without an elevated
ST segment. We considered “smoker" to represent people who have
ever smoked 100 cigarettes in their lifetime, including those who
currently smoke and those who used to do so. “Past smoker" means
individuals that who previously smoked at least 100 cigarettes in
their lifetime, but they do not smoke currently. Left ventricular ejec-
tion fraction (LVEF) was checked using 2-dimensional echocardiog-
raphy. The morphology of the lesion was examined using coronary
angiography and was classified using criteria established by the
American College of Cardiology/American Heart Association.? The

www.e-kgej.org

Yun Ah Jeong, etal. 23

degree of coronary flow was classified by the Thrombolysis in Myo-
cardial Infarction (TIMI) flow grade.™

Clinical follow-up was performed 12 months after the commence-
ment of the study. Major adverse cardiac events (MACE) included
cardiac death, myocardial infarction (MI), repeated PCl, and coronary
artery bypass grafting. Repeated PCl included target lesion revas-
cularization (TLR) and target vessel revascularization (TVR). TLR was
defined as a repeat intervention in the stent or within 5 mm proxi-
mal or distal to the stent. TVR was defined as a repeat intervention
in the same vessel, more than 5 mm from the stent.

Statistical analysis

All analyses were performed by using Statistical Package for the
Social Sciences (SPSS) for Windows, version 19.0 (SPSS Inc., Chicago,
IL, USA). Continuous variables are presented as meanststandard
deviations and were compared with unpaired Student's t-tests. Dis-
crete variables are expressed as percentages and frequencies and
were compared by chi-square statistics. All statistical tests were
2-tailed with statistical significance defined as a p=0.05. To identify
the predictors of MACE, a multivariate analysis was performed us-
ing the logistic regression model. Included variables were age, body
mass index (BMI), history of hypertension (HTN), history of diabetes
mellitus (DM), history of dyslipidemia, history of coronary artery dis-
ease, symptoms at arrival, systolic blood pressure (SBP), left main
complex lesion, multivessel disease, achievement of post TIMI flow,
and STEMI patients. The results are presented as estimated odds ra-
tios (ORs) with 95% confidence intervals (Cls) and p.

Results

Baseline clinical characteristics and procedural characteristics

In comparing the clinical characteristics of the two groups, there
was a difference in BMI, HTN, and DM. The average BMI was higher
in the non-smoker group (23.7£3.3 vs. 23.443.5, p=0.033). The non-
smoker group also had more patients with HTN and DM (63.5% vs.
52.8%, p<0.001; 34.0% vs. 26.9%, p=0.100, respectively). Hyperlip-
idemia, familial history and previous history of ischemic heart dis-
ease, and SBP were not significantly different between the groups.
Symptoms of chest pain and dyspnea at arrival were more frequent
in the smoker group (80.2% vs. 72.8%, p<0.001; 29.9% vs. 25.6%,
p=0.022, respectively) (Table 1).

Echocardiographic and laboratory findings

The LVEF measured by 2-dimentional echocardiogram and the to-
tal wall motion score were not significantly different. However, the
levels of CK-MB (109.0+246.6 vs. 52.6+138.7, p<0.001), troponin-|
(41.0+£174.7 vs. 17.2140.6, p<0.001), total cholesterol (190.0+46.6
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Table 1. Baseline clinical characteristics
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Non-smoker (n=3819) Smoker (n=625) p

Age (years) 74.3%£10.0 73.7£11.3 0.127
Body mass index (kg/m?) 23.7£33 23.4%35 0.033
Risk factor (%)

Hypertension 2425 (63.5) 330 (52.8) <0.001

Diabetes mellitus 1299 (34.0) 168 (26.9) <0.001

Hyperlipidemia 441 (11.5) 78 (12.5) 0.501

Family history 217 (5.7) 28 (4.5) 0.222

Previous IHD history 619 (16.2) 94 (15.0) 0.461
Chest pain (%) 2779 (72.8) 501 (80.2) <0.001
Dyspnea (%) 977 (25.6) 187 (29.9) 0.022
SBP (mm Hg) 130.4+29.8 129.3+29.0 0.394
IHD: ischemic heart disease, SBP: systolic blood pressure
Table 2. Echocardiographic and laboratory findings

Non-smoker (n=3819) Smoker (n=625) p

Echocardiogram findings

Left ventricular EF (%) 5281155 5261133 0.833

Total wall motion score 20.61104 20.4+10.1 0.719
Laboratory findings

CK-MB (U/L) 109.0+246.6 52.61138.7 <0.001

Troponin | (ng/mL) 41.0%174.7 17.2140.6 <0.001

Total cholesterol (mg/dL) 190.0+46.6 177.8+443 <0.001

Triglyceride (mg/dL) 123.3+£90.8 109.0+60.3 <0.001

HDL-C (mg/dL) 46.61£18.0 4841140 0.022

LDL-C (mg/dL) 121.8+£40.9 111.9148.2 <0.001

High sensitivity CRP (mg/dL) 10.4%57.6 6.8+47.4 0.128

Pro-BNP (pg/mL) 3423.116624.8 564519091.1 <0.001

EF: ejection fraction, CK: creatine kinase, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, CRP: C-reactive protein,

Pro-BNP: pro-brain natriuretic peptide

vs. 177.8+44.3, p<0.001), triglycerides (123.3+90.8 vs. 109.0+60.3,
<0.001), and low density lipoprotein-cholesterol (LDL-C) (121.8+
409 vs. 111.9148.2, p<0.001) were higher in the non-smoker group.
On the other hand, level of high density lipoprotein-cholesterol
(HDL-C) and high sensitivity C-reactive protein were not different
between the two groups. Pro-brain natriuretic peptide was higher
in the smoker group (3423.1+6624.8 vs. 5645+9091.1, p<0.001)
(Table 2).

Coronary angiographic findings

Multi vessel disease was found more frequently in the non-smok-
er group (57.4% vs. 52.1%, p=0.019), while the target vessel was
similar between the two groups. The most common target vessel
was the left anterior descending artery in both groups. Pre-TIMI flow
had no significant difference between the groups (p=0.631) (Table 3).

http://dx.doi.org/10.4070/kcj.2015.45.1.22

One year clinical outcomes

The in-hospital mortality was significantly higher in the smoker
group (1.0% vs. 2.4%, p=0.002), and cardiac death during the 12
months of clinical follow-up was significantly higher in the smoker
group (4.5% vs. 2.2%, p=0.001). Total MACEs during 12 months were
also higher in the smoker group (6.8% vs. 4.9%, p=0.014) (Table 4).

Predictors of development of major adverse cardiac events
Multivariate logistic regression analysis was performed to iden-
tify the predictors of MACEs. Smoking and HTN were independent

predictors of MACEs. In the smoking group, the MACE risk was 1.742
times that of the non-smoking group (p=0.046) (Table 5).

Discussion

This is the first large clinical outcome analysis of Korean female
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Table 3. Coronary angiographic findings
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Coronary angiographic findings Non-smoker (n=3819) Smoker (n=625) p
Multi vessel disease (%) 1939 (57.4) 287 (52.1) 0.019
Target vessel 0.001
LAD 1632 (49.0) 223 (40.6)
LCX 572 (17.2) 98 (17.9)
RCA 1062 (31.9) 219 (39.9)
Left main 65 (2.0) 9(1.6)
Lesion type 0.629
A 138 (4.4) 17 (3.4)
B1 503 (16.2) 78 (15.5)
B2 1026 (32.9) 163 (32.4)
C 1447 (46.5) 245 (48.7)
Pre-TIMI flow O 1392 (43.6) 235 (44.7) 0.631

LAD: left anterior descending artery, LCX: left circumflex artery, RCA: right coronary artery, TIMI: Thrombolysis in Myocardial Infarction

Table 4. In-hospital mortality and MACE during one-year clinical follow-up

Non-smoker Smoker
(n=3819) (n=625) P

In-hospital death (%) 37(1.0) 15 (2.4) 0.002
12-month composite 188 (4.9) 42 (6.8) 0014

MACE (%)

Cardiac death 84(2.2) 28 (4.5) 0.001

Recurrent-MI 18 (0.5) 5(0.8) 0.288

Repeated-PCl 82(2.1) 8(1.3) 0.154

CABG 4(0.1) 1(0.2) 0.702

MACE: major adverse cardiac events, MI: myocardial infarction, PCl: percu-
taneous coronary intervention, CABG: coronary artery bypass surgery

smokers with AMI. In this analysis, female smokers with AMI showed
higher in-hospital mortality rates and MACE rates during the one-
year clinical follow-up period. Therefore, the prevalence of female
smoking should be closely monitored in the Korean population.
Among the clinical characteristics of female AMI smoking pa-
tients, age was higher in the past smoker group than both the cur-
rent smoker and the non-smoker groups. Lipid profiles, total cho-
lesterol, triglycerides, and LDL-C were higher in the current smoker
group, while multi vessel disease was higher in the non-smoker
group. In spite of lower incidences of coronary artery disease risk
factors, such as HTN and DM, female smoker patients, both current
and former, with AMI showed higher in-hospital mortality rates and
12 month MACEs during the long-term clinical follow-up period. In
multivariate logistic regression analysis, smoking had OR was 1.742
times (1.010-3.004) (p=0.046) higher than HTN and DM. We cau-
tiously assume that smoking is most powerful risk factor. Viewed
from another angle, non-smokers tended to be older, so they had
a greater prevalence of HTN and DM due to their age. Also, non-
smokers had a higher prevalence of chronic disease. So, they may be

www.e-kgej.org

Table 5. Predictors of MACE according to multivariate logistic regression
analysis

Variable ORs (95% Cl) p
Smoking 1.742 (1.010-3.004) 0.046
Hypertension 1.573 (1.003-2.466) 0.049
LVEF (<40%) 1.973 (0.905-4.303) 0.088
Diabetes mellitus 1.467 (0.919-2.342) 0.108
Chest pain 1.377 (0.861-2.203) 0.182
Age (=65 years) 1.362 (0.745-2.488) 0.315
Pre-TIMI flow 0.863 (0.542-1.373) 0.533
Body mass index (=25 kg/m?) 0.780 (0.353-1.722) 0.538
Dyslipidemia 1.110 (0.565-2.179) 0.763
Multivessel disease 1.027 (0.657-1.606) 0.906

MACE: major adverse cardiac events, ORs: odds ratios, Cl: confidence inter-
val, LVEF: left ventricular ejection fraction, TIMI: Thrombolysis in Myocardial
Infarction

more concerned about their health, which may influence their smok-
ing habits. They have more contact with healthcare providers and
hospitals, which may also have some influence. Our study also had
limitations, which could affect the results.

According to an epidemiologic study of Korean patients admit-
ted for coronary angiography, younger Korean patients have differ-
ent demographic findings than older patients: the higher prevalence
of smoking and obesity are important risk factors in younger pa-
tients." Recent research has shown the importance of smoking as
a cause of Ml in both genders, especially in females. Shiraki and
Saito” showed a multivariate logistic regression model that re-
vealed that gender differences affect in-hospital mortality. Grundt-
vig et al."” reported that smoking is more detrimental in females
than in men. In the years of 1998-2005, 2281 patients (36.8% fe-
male) were discharged. During follow-up, 55% of the patients died.

http://dx.doi.org/10.4070/kcj.2015.45.1.22
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Non-smokers, past smokers, and current smokers lost 5.4, 6.4, and
10.3 years of life, respectively. Female current smokers lost 1.9 years
more than male current smokers (p<0.001). More years of life were
lost among smoking women than among smoking men, indicating
that smoking is most detrimental in the female gender.

Also, Wijnbergen et al.”” reported that women have higher rates
of both MACEs and mortality after PCI compared to men. By mul-
tivariate analysis after adjusting for age and baseline characteris-
tics, HTN, smoking, DM, stent diameter, and the time between on-
set of symptoms and arrival of the ambulance, the study showed
similar MACE and mortality rates in men and women. However, smok-
ing is one of the predictive factors influencing MACE and mortality
in both genders. In a prospective study including both men and
women aged 35-52 years, it was been demonstrated that the inci-
dence of myocardial infarction increased 6-fold in women and
3-fold in men who smoked at least 20 cigarettes per day, compared
to those who never smoked. In addition, current smoking was iden-
tified as a stronger risk factor in women than in men (relative risk
3.3 vs. 1.9) and smoking-related gender differences were more pro-
nounced when considering women under 45 years of age.”

Our results are in accordance with the Copenhagen City Heart
Study, in which the relative risk of a first myocardial infarction in
smokers was 9.4 in women and 2.9 in men with respect to non-
smokers and the risk increased by 2-3% for each gram of tobacco
smoked.'”

Tverdal et al." studied the mortality for different causes in relation
to smoking history in men and women aged 35-49 who were fol-
lowed for 13.3 years. They found that the relative risk of coronary
death per ten cigarettes per day was 1.8 in women and 1.2 in men.

Smoking significantly affects the in-hospital mortality and MACE
in female Korean Ml patients. Of the Korean AMI patients who un-
derwent PCl, their mortality rate was significantly higher in current
smokers than in past smokers after PCL.'® Therefore, clinical efforts
for smoking cessation may be very important even after successful
PCl in Korea.

According to a Korean smoking analysis from July 2011, the male
smoking rate has been slowly decreasing since 1998, but female
smoking rate has not changed significantly (remaining at about
6.8%). Therefore, the smoking rate should be decreased in Korean
females to prevent MI. It is important that smoking is not only a risk
factor of Ml but also a factor in the increasing mortality rate after
survival from AMI. National surveillance and routine screening of
the smoking female population will be effective for the primary and
secondary prevention of development of ischemic heart disease,
especially AMI. In Korea, adherence to preventive guidelines among
smokers after AMI is relatively low."” Only 520 of the AMI patients
stopped smoking at one year after a heart attack. This finding

http://dx.doi.org/10.4070/kc}.2015.45.1.22
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underscores the need for an effective patient education system
and program for smoking cessation.

Kim et al."®
patients who underwent PCl between 1999 and 2009. The preva-
lence of HTN increased over time, but smoking decreased. Predic-
tive factors of MACEs were female gender, smoking, old age, DM,
and low thombolysis in myocardial infarction flow. Choi et al." ob-
served the relationship between restenosis and compliance with self-
care among acute coronary syndrome patients undergoing follow-
up coronary angiograms. Patients who continued to smoke showed

a stronger tendency for lower compliance with self-care and lifestyle
|-20)

analyzed clinical pattern changes in elderly Korean

modification. Choi et a
term clinical outcomes in 1162 patients with variant angina between
1996 and 2011. A history of smoking was the only independent
risk factor for MACEs during long-term clinical follow-up in Korean

reported predictive factors for long-

patents with variant angina.

In female patients, early menopause increases the risk of M
Further research using menopause status should be performed. Af-
ter MI, current smokers who quit smoking may have different mor-
tality rates from those that continue smoking. So, further research
about smoking cessation's influence on mortality rate after M,
should be carried out in AMI patients.

This is the first study regarding female smoking in AMI patients
based on KAMIR data. However, several limitations of this study
exist. First, smoking history was self-reported by patients, so there
may be inaccuracies. Second, long-term follow-up data was not

|21}

acquired in this registry. If more follow-up data was collected, it
would be helpful in identifying the multivariate comparison of sur-
vival curves by Cox proportional hazards model. Third, the exact man-
ner of smoking habits or duration was not obtained in all patients
due to registry data. Fourth, the initial study population was 4444
peoples, but not all patients were not included in the one-year pe-
riod. So, there were limitations due to missing patients.

The in-hospital and 1-year mortality rates of this study were very
low compared to previous reports. As coronary heart disease in-
creases, there has been more education and publicity supplied ma-
terial, in addition to increased media reports. Nowadays, there is a
heightened awareness of coronary heart disease, so it may reduce
the time one waits to go to the to hospital. Our hospital is trying to
cut the door-to-balloon time, which may explain the results, in part.

In conclusion, female smokers with AMI showed higher in-hospi-
tal mortality rates and MACE rates during the one-year clinical fol-
low-up period.
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