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Obesity is a well-established risk factor for many chronic disorders. However, the effect 
of weight change after acute myocardial infarction (AMI) is not well known. Among 
consecutive patients who underwent percutaneous coronary intervention between 
November 2005 and November 2007 due to AMI, patients who were overweight (23.0≤
body mass index [BMI]<27.5 kg/m2, n=341) and obese (BMI≥27.5 kg/m2, n=80) were 
selected for analysis. According to weight change, the patients were divided into 4 
groups: Group I (weight loss＞5%, n=61), Group II (0%＜weight loss≤5%, n=133), 
Group III (0%≤weight gain<5%, n=181), and Group IV (weight gain≥5%, n=46). We 
assessed the association between weight change and major adverse cardiac events 
(MACE). Greater weight loss was more frequent among older individuals (Group I: 
64.1±12.4 years, II: 60.6±12.1 years, III: 59.0±11.9 years, IV: 61.4±10.6 years; p=0.028) 
and patients with diabetes (Group I: 34.4%, II: 27.1%, III: 21.2%, IV: 15.2%; p=0.009). 
However, there were no significant differences in baseline characteristics or in angio-
graphic or procedural factors except for the proportions of patients with three-vessel 
disease, which were higher in patients with weight loss (Group I: 20.8%, II: 23.0%, III: 
12.5%, IV: 11.6%; p=0.005). The group with greater weight loss had the highest MACE 
rate at the 12-month clinical follow-up (Group I: 36.9%, II: 25.0%, III: 25.9%, IV: 17.3%; 
p=0.020). Although weight loss after AMI appears to be associated with worse out-
comes, it remains unclear whether the effect is of cardiac origin. 
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INTRODUCTION

　Generally, overweight and obesity are associated with 
increased risk for developing cardiovascular disease, and 
they are prevalent risk factors in patients with acute my-
ocardial infarction (AMI).1-3 However, several studies of 
patients undergoing revascularization have shown better 
outcomes or no increased risk in overweight and obese 
patients.4-9 A study that focused on ST-segment elevation 
myocardial infarction showed similar results.10 However, 
these conclusions were derived from analysis of baseline 
weight and not weight change. It is questionable whether 
the “obesity paradox” in AMI is solely based on baseline 
obesity. Despite some reports on the effect of weight change 

on clinical outcomes,11-13 there are few available data on the 
prognostic impact of weight change in patients with AMI. 
In fact, the effects of weight change have been questioned, 
including in patients with established cardiovascular 
disease.8,14-17 Furthermore, these previous results were 
based on Western and not Oriental populations.
　Thus, the present analysis was undertaken to evaluate 
the effect of weight change on clinical outcomes after AMI 
in a Korean population. 

MATERIALS AND METHODS

1. Study design and sample 
　A total of 622 AMI patients, whose body weight and 
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TABLE 1. Baseline clinical characteristics

Group I
(N=61)

Group II
(N=133)

Group III
(N=181)

Group IV
(N=46)

p value

Age (years)
Male gender (%)
Typical pain (%)
SBP (mmHg)
DBP (mmHg)
HR (/min) 
Weight (kg)
BMI (m2/kg)
LVEF (%)
Killip≥II (%)
STEMI (%)
AF (%)
Risk factors (%)
Hypertension
Diabetes mellitus
Smoking
Hyperlipidemia

Previous AMI (%)
Previous Angina (%)
Previous CABG (%)
Previous PCI (%)
Family history (%)

64.1±12.4
75.4
45.3

132.5±27.7
82.7±16.0
75.2±17.7
64.7±12.4
24.4±3.6
52.8±13.1

8.2
60.4
0

42.6 
34.4 
67.2 

5.2 
66.7 
33.3
0 

33.3 
6.4

60.6±12.1
75.9
41.6

130.3±26.5
81.2±17.3
75.9±14.9
66.1±11.9
24.7±3.1
56.7±11.4

12.8
60.1
3.8

51.1 
27.1 
63.2 
6.3 

33.3 
39.1
8.7 

16.7 
6.6

59.0±11.9
77.9
48.8

135.8±27.2
84.6±17.3
73.7±15.1
66.4±9.9
24.4±2.7
56.7±11.9

12.2
60.1

2.8

47.5 
21.2 
72.9 

7.1 
38.1 
28.6

7.1 
33.3 

4.1

61.4±10.6
71.7
50.5

131.7±26.7
81.4±15.9
74.7±21.0
65.5±9.6
24.1±2.9
56.2±11.4

17.4
55.8

4.2

52.2 
15.2 
71.7 

6.8 
20.0 
50.0
0
0
2.1

0.028
0.845
0.205
0.447
0.633
0.461
0.167
0.213
0.036
0.556
0.571
0.189

0.675 
0.009 
0.299 
0.965 
0.600 
0.757
0.988 
0.347 
0.082

SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, BPM: beat per minute, BMI: body mass index, LVEF: left
ventricular ejection fraction, STEMI: ST segment elevation myocardial infarction, AF: atrial fibrillation, AMI: acute myocardial in-
farction, CABG: coronary arterial bypass graft, PCI: percutaneous coronary intervention.

height were available for their first and follow-up visits, 
were treated by percutaneous coronary intervention (PCI) 
at Chonnam National University Hospital and Gwangju 
Veterans Hospital between November 2005 and November 
2007. Among these patients, overweight (23.0≤body mass 
index [BMI]＜27.5 kg/m2, n=341) and obese (BMI≥27.5 
kg/m2, n=80) patients were selected for analysis according 
to criteria suggested by the World Health Organization for 
the Asian population.18 BMI was calculated as the weight 
in kilograms divided by the square of height in meters. The 
diagnosis of AMI was based on the triad of chest pain, elec-
trocardiogram changes, and raised serum cardiac enzyme 
levels. According to weight change, the 421 patients se-
lected for study were divided into 4 groups: Group I (weight 
loss>5%, n=61), Group II (0%＜weight loss≤5%, n=133), 
Group III (0%≤weight gain＜5%, n=181), and Group IV 
(weight gain≥5%, n=46). Variables analyzed in the pres-
ent study included age, gender, body mass index, vital 
signs, Killip class, risk factors, past regular medication, co-
morbidities, electrocardiographic location of AMI, initial 
treatment strategy, drugs, angiographic findings, in-hos-
pital complications, medical therapy in hospital, and 
12-month rate of major adverse cardiac events (MACE; car-
diac death, re-infarction, re-PCI, coronary artery bypass 
graft), among others. Patient characteristics included 
medical history (diabetes mellitus, hypertension, smok-
ing, hyperlipidemia, previous AMI, previous angina, pre-
vious coronary artery bypass graft, previous PCI, and fam-

ily history), presentation characteristics (systolic blood 
pressure, diastolic blood pressure, heart rate, and left ven-
tricular ejection fraction, which was determined within 24 
hours after admission in most cases), and laboratory find-
ings (levels of glucose, creatinine, cardiac enzymes, serum 
cholesterol, high sensitivity C-reactive protein [hs-CRP], 
and N-terminal pro-brain natriuretic peptide). Medical 
treatment and angiographic and procedural findings were 
also recorded. We assessed the association between weight 
change and MACE.

2. Statistical analysis 
　Statistical analysis was performed by using SPSS soft-
ware, version 15.0 (SPSS-PC Inc, Chicago, IL, USA). All 
continuous variables are reported as mean values±stand-
ard deviations (SDs). Multiple logistic regression analyses 
were done to identify the prognostic factors affecting the 
results. Chi-square tests and independent-sample t-tests 
were used to identify predictors for mortality and MACE, 
and logistic regression analysis was used to adjust for con-
founding factors. A p value＜0.05 was considered as 
significant.

RESULTS

1. Baseline characteristics 
　The baseline characteristics of the 4 patient groups are 
listed in Table 1. Patients with weight loss ＞5% were sig-
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TABLE 2.  Laboratory findings

Group I
(N=61)

Group II
(N=133)

Group III
(N=181)

Group IV
(N=46)

p value

Glucose (mg/dl)
Creatinine (mg/dl)
CK (U/L)
CK-MB (U/L)
TnI (ng/ml)
TC (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)
hsCRP (mg/dl)
NT-pro BNP (pg/ml)

188.9±86.1 
1.1±0.7

1,801.7±1,830.4 
 114.4±135.0

60.3±61.8
190.1±47.8
124.9±40.4
46.3±12.0 

2.4±2.7 
1,466.2±2,778.7 

177.6±80.9 
1.2±1.5 

1,503.6±1,621.8 
97.7±107.3 
51.2±64.9 

189.0±40.1
126.5±36.2
46.1±12.9

1.7±3.2
1,834.1±2,778.7

161.1±64.6 
1.1±1.0 

1,642.2±2,036.6 
101.4±123.6

58.7±85.8 
185.9±40.4 
123.3±35.8 
46.9±12.5 

1.7±2.6 
958.7±2,846.1 

149.4±61.6
1.0±0.2 

2,031.6±2,227.3 
123.5±118.4
67.6±68.5

183.2±32.3
118.6±26.6
48.1±12.5 

3.0±3.5 
1,551.0±3,471.2 

0.009 
0.505 
0.394 
0.549 
0.586 
0.758 
0.662 
0.804 
0.024 
0.168 

TABLE 3. Prescribed medications

Medications (%)
Group I
(N=61)

Group II
(N=133)

Group III
(N=181)

Group IV
(N=46)

p value

Aspirin
Clopidogrel 
Cilostazol
Nitrate
Unfractionated heparin
Low molecular weight heparin
β-blocker
Calcium channel blocker 
Angiotensin converting
 enzyme inhibitor
Angiotensin receptor blocker
Vasopressors
Diuretics
Statin

100
100
79.2
100
99.0
38.5
92.7
6.3

84.4

20.8
25.0
32.3
74.0

100
100
71.6
98.4
98.9
38.3
84.7

8.7
85.8

14.8
20.8
22.4
77.0

100
100
71.4
98.8
99.6
42.3
88.7

5.2
83.9

15.3
23.8
24.2
74.6

100
100
69.1
98.9
100

38.3
87.2
10.6
78.7

23.4
19.1
29.8
71.3

1.0
1.0

0.152
0.632
0.236
0.709
0.601
0.694
0.256

0.696
0.596
0.797
0.548

nificantly older (Group I: 64.1±12.4 years, Group II: 
60.6±12.1 years, Group III: 59.0±11.9 years, Group IV: 
61.4±10.6 years; p=0.028), had lower left ventricular ejec-
tion fraction (Group I: 52.8±13.1%, Group II: 56.7±11.4%, 
Group III: 56.7±11.9%, Group IV: 56.2±11.4%; p=0.036), 
and were more often diabetic (Group I: 34.4%, II: 27.1%, III: 
21.2%, IV: 15.2%; p=0.009). There were no significant dif-
ferences in distributions of gender, blood pressure, heart 
rate, hypertension, smoking, hyperlipidemia, or previous 
PCI rate among the groups (p＞0.05).

2. Laboratory findings 
　Table 2 shows the results of the laboratory examination. 
Patients with weight loss ＞5% had higher levels of serum 
glucose (Group I: 188.9±86.1 mg/dl, II: 177.6±80.9 mg/dl, 
III: 161.1±64.6 mg/dl, IV: 149.4±61.6 mg/dl; p=0.009), and 
patients with either weight loss ＞5% or weight gain ＞5% 
had higher levels of hs-CRP (Group I: 2.4±2.7 mg/dl, II: 
1.7±3.2 mg/dl, III: 1.7±2.6 mg/dl, IV: 3.0±3.5 mg/dl; p
＜0.024). There were no significant differences in the levels 
of serum creatinine, cholesterol, N-terminal pro-brain na-
triuretic peptide, or cardiac markers among the groups.

3. Medical treatment parameters 
　At admission, we used aspirin and clopidogrel in all 
patients. There were numerically higher rates of use of cil-
ostazol, β-blockers, angiotensin-converting enzyme in-
hibitors, vasopressors, and diuretics in patients with 
weight loss ＞5%; however, there were no significant differ-
ences among the other groups (Table 3). 

4. Coronary angiogram and PCI 
　Almost all patients underwent PCI successfully (Group I: 
99.0%, II: 99.5%, III: 98.8%, IV: 98.9%; p=0.757) and we used 
drug-eluting stents in most cases (Group I: 75.5%, II: 83.5%, 
III: 79.6%, IV: 84.8%; p=0.314). Overall, the mean total stent 
number used per patient was 1.7±1.0 (Group I: 1.8±0.9%, II: 
1.6±0.8%, III: 1.7±1.0%, IV: 1.8±1.0%; p=0.519). In patients 
with weight loss, there was a higher incidence of three-vessel 
disease (Group I: 20.8%, II: 23.0%, III: 12.5%, IV: 11.6%; 
p=0.005). There were no statistically significant differences 
in distributions of target lesions, lesion classification, or 
Thrombolysis in Myocardial Infarction (TIMI) flow (Table 4).

5. Major adverse cardiac events 
　Table 5 demonstrates left ventricular ejection fraction at 
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TABLE 4. Coronary angiogram and percutaneous intervention

Group I
(N=61)

Group II
(N=133)

Group III
(N=181)

Group IV
(N=46)

p value

Lesion characteristics
　Left main complex (%)
　Left main simple (%)
　Three-vessel disease (%)
　Two-vessel disease (%)
　One-vessel disease (%)
Target vessel
　Left main (%)
　LAD (%)
　LCX (%)
　RCA (%)
ACC/AHA lesion classification
　Type A (%)
　Type B1 (%)
　Type B2 (%)
　Type C (%)
Pre-PCI TIMI
　TIMI 0 (%)
　TIMI I (%)
　TIMI II (%)
　TIMI III (%)
Post-PCI TIMI
　TIMI 0 (%)
　TIMI I (%)
　TIMI II (%)
　TIMI III (%)
Drug-eluting stent (%)
Stent size (mm)
Stent diameter (mm)
Stent number
Success rate (%) 
Complication rate (%)

6.3
1.0

20.8
33.3
38.5

1.0
39.6
16.7
42.7

0
34.4
29.2
36.5

47.9
5.2

25.0
21.9

1.0
0
0

99.0
75.5

23.9±5.8
3.2±0.4
1.8±0.9

99.0
12.5

2.2
0.5

23.0
24.0
50.3

0.5
53.0
15.8
30.6

0
28.4
42.1
29.5

39.9
6.0

27.3
26.8

0.5
0
1.6

97.8
83.5

24.4±5.7
3.2±0.4
1.6±0.8

99.5
9.9

6.5
0.4

12.5
25.4
55.2

2.8
47.6
14.1
35.5

0
27.0
43.1
29.8

44.4
3.6

23.8
28.2

0.4
0.8
0.4

98.4
79.6

24.7±5.9
3.3±0.4
1.7±1.0

98.8
10.1

4.2
1.1

11.6
35.8
47.4

2.1
45.3
17.9
34.7

0
28.4
41.1
30.5

42.1
6.3

27.4
24.2

1.1
0
1.1

97.9
84.8

24.7±5.5
3.3±0.4
1.8±1.0

98.9
17.9

0.762
0.914
0.005
0.709
0.101

0.196
0.779
0.968
0.535

1.0
0.320
0.095
0.423

0.734
0.836
0.967
0.598

0.913
0.494
0.905
0.758
0.314
0.276
0.078
0.519
0.757
0.319

LAD: left anterior descending coronary artery, LCX: left circumflex coronary artery, RCA: right coronary artery, ACC/AHA: American
College of Cardiology/American Heart Association, TIMI: Thrombolysis In Myocardial Infarction

TABLE 5. Outcomes at follow-up

Group I
(N=61)

Group II
(N=133)

Group III
(N=181)

Group IV
(N=46)

p value

LVEF at 6 months (%)
MACE at 12 months (%)
All-cause mortality (%)
Cardiac death (%)
Non-cardiac death (%)
Myocardial infarction
Revascularization (%)
CABG (%)
Re-PCI (%)
TLR (%)
TVR (%)
Non-TVR (%)

54.6±11.1
36.9
6.0
2.4
3.6
1.2

1.2
28.6
17.9
4.8
 8.3

60.5±9.6
25.0

4.5
2.6
1.9
1.3

0
20.5
12.2

1.3
7.7

60.0±10.7
25.9

1.8
0.9
0.9
0.4

0
23.7
12.5

2.7
8.5

59.8±11.3
17.3

0
0
0
1.2

0
16.0
8.6
0
9.9

0.020
0.012
0.007
0.088
0.036
0.708

0.092
0.161
0.117
0.142
0.676

LVEF: left ventricular ejection fraction, MACE: major adverse cardiac event, CABG: coronary artery bypass graft, PCI: percutaneous
coronary intervention, TLR: target lesion revascularization, TVR: target vessel revascularization.
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TABLE 6. Multiple logistic regression analysis for 12-month major
adverse cardiac events and mortality

Hazard ratio 95% CI p value

12-month MACE
　Diabetes 
　Left main complex disease
　Drug stent deployment 
　Use of cilostazol
　hs-CRP
　Weight loss
12-month mortality
　Old age 
　Higher LVEF
　NT-pro BNP 
　Beta-blocker at discharge 
　Weight loss

1.43 
2.00 
0.78 
0.48
1.07 
1.33 

1.03 
0.95 
1.00 
0.49 
1.80 

0.89-2.30 
0.86-4.67 
0.43-1.44 
0.28-0.85
1.22-1.14 
1.05-1.67 

0.98-1.09 
0.91-0.99 
1.00-1.00 
0.15-1.65 
1.02-3.02 

0.138 
0.109 
0.426 
0.012
0.037 
0.017 

0.216 
0.032 
0.673 
0.252 
0.044 

MACE: major adverse cardiac event, hs-CRP: high-sensitivity 
C-reactive protein, LVEF: left ventricular ejection fraction, 
NT-pro BNP: N-terminal pro-brain natriuretic peptide.

6 months and rates of MACE at 12 months for each patient 
group. Left ventricular ejection fraction increased in all 
groups compared with their respective baseline values; 
however, patients with weight loss ＞5% still had a lower 
ejection fraction than did the other groups (54.6±11.1% in 
Group I, 60.5±9.6% in II, 60.0±10.7% in III, and 59.8±11.3% 
in group IV; p=0.020). The higher weight reduction group 
had a significantly higher rate of MACE at 12 months 
(MACE: 36.9% in Group I, 25.0% in II, 25.9% in III, and 
17.3% in group IV, p=0.012; all-cause mortality: 6.0% in 
Group I, 4.5% in II, 1.8% in III, and 0% in group IV, p=0.007; 
non-cardiac death: 3.6% in Group I, 1.9% in II, 0.9% in III, 
and 0% in group IV, p=0.036). However, there was no sig-
nificant differences in rates of cardiac death (2.4% in Group 
I, 2.6% in II, 0.9% in III, and 0% in group IV; p=0.088).

6. Multiple logistic regression analysis for 12-month 
MACE and mortality 

　Multiple logistic regression analysis revealed that cil-
ostazol use, hs-CRP level, and weight loss were in-
dependent risk factors of MACE at 12 months, whereas left 
ventricular ejection fraction and weight loss were in-
dependent risk factors of mortality at 12 months (Table 6).

DISCUSSION

　Our data revealed that there was a high rate of over-
weight and obesity (67.7%) among patients treated for AMI 
and a high rate of weight reduction (46.1%) during the fol-
low-up period. Also, the present study showed worse out-
comes in patients with weight reduction ＞5%. Finally, the 
rate of noncardiac and not cardiac death was significantly 
higher in the weight reduction group.
　Weight change after AMI was shown in previous studies. 
According to these studies, the rate of overweight and obe-
sity in AMI was 64.9% in OPTIMAAL (the Optimal Trial 

in Myocardial Infarction with Angiotensin II Antagonist 
Losartan),19-21 59.2% in the CONSENSUS II (Cooperative 
New Scandinavian Enalapril Survival Study II) trial,22 
58.6% in 4S,23 and 73.6% in ENRICHD (the Enhancing 
Recovery in Coronary Heart Disease patients),13 respec-
tively. Although these results are similar to the overall 
ones of our study (67.7%), the weight reduction rates 
differed. Of overweight and obese myocardial infarction 
patients, the rate of weight reduction was 46.1% in our 
study compared with a rate of weight loss in overweight and 
obese myocardial infarction patients of 24.9% in 
OPTIMAAL, 13.2% in CONSENSUS II, and 19.5% in 4S. 
Meanwhile, the rate of weight reduction>5% was higher in 
a previous study than in ours (24.4% in ENRICHD vs. 
14.9% in the present study). The time of weight measure-
ment differed among the studies. In the present study, we 
measured follow-up weight at 9.7±5.6 months after AMI. 
On the other hand, weight was measured at 3 months in 
the OPTIMAAL and CONSENSUS II trials and at 1 year 
in 4S. Nevertheless, the tendency for weight reduction was 
more prominent in our population. Although it is unclear 
which factors underlie these differences, we presume that 
racial differences might be one of them. If weight reduction 
after myocardial infarction influences clinical outcomes, 
this will be worthy of notice.
　As stated above, weight reduction ＞5% was associated 
with poor outcomes, which is similar to the findings of pre-
vious studies. The all-cause death rate was significantly in-
creased with weight loss after myocardial infarction 
(hazard ratio in OPTIMAAL: 1.26 [1.01-1.56, p=0.039]; 
hazard ratio in CONSENSUS II: 1.96 [1.07-3.57, p=0.029]; 
hazard ratio in 4S: 1.44 [1.13-1.85, p=0.004]; and hazard 
ratio in ENRICHD: 2.06 [1.20-3.52, p=0.009]).11 Despite 
the different time periods of weight change, the associa-
tions between weight loss and prognosis were remarkably 
consistent across studies, including the present study. 
From the known relationship between mortality and obe-
sity in healthy subjects, it would be anticipated that weight 
loss from an initial condition of obesity or overweight would 
be associated with decreased risk compared with weight 
gain. However, studies have yielded results that contradict 
this presumption. Thus, overweight and obesity con-
tributed the most to the increased risk associated with 
weigh reduction. Weight loss was associated with more co-
morbidities at baseline, including older age, decreased left 
ventricular ejection fraction, diabetes, and more common 
three-vessel disease. Moreover, despite the slightly in-
creased left ventricular ejection fraction in the weight re-
duction group during the follow-up, it was still significantly 
lower than that in the other groups, which suggests that 
weight reduction might be a marker of cardiovascular dis-
ease severity or poorer overall health. Kennedy et al.11 pos-
ited that the fact that weight loss was associated with in-
creased risk indicates that severity of the cardiac condition 
determines prognosis. Also, they proposed that one im-
portant reason for the observed association between 
weight loss and worse prognosis may be pronounced meta-
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bolic stress with neurohormonal and cytokine activa-
tion,24,25 causing weight loss and increased mortality risk.
　Indeed, our data showed increased rates of MACE and 
mortality. However, cardiac mortality and myocardial in-
farction rates were not significantly higher in the weight-re-
duction group, whereas the rate of noncardiac death was sig-
nificantly increased in the weight-reduction group. This fact 
suggests that poor prognosis in the weight-reduction group 
stems from noncardiac and not cardiac causes.
　This study had some limitations. Although BMI has been 
considered to be a marker of obesity, it is a crude indicator 
of body adiposity and is not a direct measurement of body 
composition. Therefore, it may not reflect the actual degree 
of body fat content. We did not define obesity by other meth-
ods such as waist circumference, waist-hip ratio, or ab-
dominal height. According to one report, despite an inverse 
relation of overall obesity as assessed by BMI with mortal-
ity in patients with AMI, abdominal obesity as assessed by 
waist-hip ratio appears to be an independent predictor of 
all-cause mortality.26

　This study was an observational registry with the in-
herent limitations of a retrospective analysis. Also, the fol-
low-up duration was relatively short. Therefore, we could 
not exclude the possibility that obesity may influence very 
long-term outcomes, because obesity may have a delayed 
effect on the progression of coronary artery disease. Fur-
thermore, we selected patients whose body weight and 
height were measured during the follow-up period, which 
may introduce selection bias. Lastly, our sample is not nec-
essarily representative of the Korean population.
　Weight reduction after AMI in this Korean study was as 
prominent as that seen in studies based on Western popu-
lations. Although weight loss after AMI was associated with 
poor outcomes, it is unclear whether the effect has a cardiac 
origin. Further prospective study is needed to elucidate the 
effect of intentional weight reduction after AMI.
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