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2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), one of the components of Agent Orange, 
has been reported to be a deadly poison despite its presence at extremely small doses. 
TCDD is reported to cause various kinds of cancers and other harmful effects on 
humans. However, a correlation between exposure to TCDD and acute coronary syn-
drome (ACS) is not yet proven. Thus, we examined the correlation between exposure 
to TCDD and ACS through an analysis of coronary angiograms from veterans of the 
Vietnam War. Two hundred fifty-one consecutive men undergoing coronary angio-
grams owing to ACS between April 2004 and May 2009 at Gwangju Veterans Hospital 
were analyzed. Included subjects were between 50 and 70 years of age. The patients 
were divided into two groups: 121 patients who had been exposed to TCDD (Group I) 
and 130 patients who had not been exposed to TCDD (Group II). Clinical and coronary 
angiographic findings were evaluated. Baseline clinical characteristics, inflammatory 
markers, and echocardiographic parameters were not significantly different between 
the two groups. The incidence of hypertension (71.1% vs. 60.0%, p=0.039) and hyper-
lipidemia (27.3% vs. 16.9%, p=0.038) was higher in Group I than in Group II. Total occlu-
sion, stent length, stent use, and coronary lesion characteristics were not significantly 
different between the two groups. The rate of major adverse cardiovascular events 
(MACE) had no relationship with exposure to TCDD. Exposure to TCDD might not af-
fect severity or the rate of MACE in persons with ACS.
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INTRODUCTION

　Agent Orange is a herbicide and defoliant that was ex-
tensively used by the American military during the 
Vietnam War to defoliate trees to uncover enemy hideouts 
in dense jungles. It contains a dioxin, 2,3,7,8-tetra-
chlorodibenzodioxin (TCDD), that is a member of a large 
family of halogenated aromatic hydrocarbons and that is 
reported to be a deadly poison and a carcinogen in humans 
despite its presence at extremely small doses.1-3 
　However, whether exposure to TCDD is associated with 
cardiovascular disease, such as hypertension, hyper-
lipidemia, diabetes, or ischemic heart disease, or whether 
it influences severity and adverse events associated with 
acute coronary syndrome (ACS), including unstable angi-

na, ST-segment elevation myocardial infarction, and non 
ST-segment elevation myocardial infarction, is unclear.4 
Thus, we assessed the possible correlation between ex-
posure to TCDD and cardiovascular disease through an 
analysis of coronary angiograms. Also, we compared the 
rates of major adverse cardiac events (MACE) according to 
exposure to TCDD.

MATERIALS AND METHODS

1. Subjects
　Patients undergoing coronary angiography because of 
ACS presentation between April 2004 and May 2009 at 
Gwangju Veterans Hospital were analyzed. We limited the 
analysis to men between the ages of 50 and 70 years because 
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TABLE 1. Baseline clinical characteristics of the patients

Group I
(n=121)

Group II 
(n=130) 

p value

Age, years
Height, cm
Weight, kg
BMI, gm/m2

Diabetes, (%) 
Hypertension, (%)
Smoking, (%)
Hyperlipidemia, (%)
Previous PCI, (%)

60.4±2.8
167.1±5.4
71.1±13.0 
25.4±3.9 
39 (32.2) 
86 (71.1) 
39 (32.2)
33 (27.3) 
50 (41.3) 

60.6±5.0 
167.1±5.7 

70.0±12.1 
27.8±3.5 
62 (47.7) 
78 (60.0) 
50 (38.5)
22 (16.9)
26 (20.0) 

0.769
0.893
0.511
0.479
0.019
0.039
0.253
0.038

＜0.001

BMI: body mass index, PCI: percutaneous coronary intervention.

TABLE 2. Laboratory findings on admission

Group I
 (n=121)

Group II
 (n=130)

p value

Hs-CRP, mg/dl 
Troponin-I, μg/dl 
Total-Chol, mg/dl 
Triglyceride, mg/dl 
LDL-Chol, mg/dl 
HDL-Chol, mg/dl 
HbA1c, %
Creatinine, mg/dl 
Hemoglobin, g/dl 
Ejection fraction, %

2.2±3.0  
2.5±22.3 

171.2±40.6 
150.4±99.8 
98.8±38.5 
41.8±9.9 
6.6±1.1 
1.0±0.2 

13.6±1.4 
62.6±9.0 

3.5±3.6 
5.4±18.5

178.7±43.0 
162.5±112.0 
107.2±33.7 

39.5±8.2 
7.1±1.6 
1.2±0.9 

13.5±1.8 
60.2±10.6 

0.077
0.301
0.184
0.398
0.086
0.054
0.441
0.04
0.278
0.067

HbA1c: hemoglobin A1c, HDL-Chol: High-density lipoprotein 
cholesterol, Hs-CRP: high-sensitivity C-reactive protein, 
LDL-Chol: low-density lipoprotein cholesterol, Total-Chol: total 
cholesterol.

we considered this to be the age range of Korean veterans 
in the Vietnam War, which took place from 1961 to 1971. 
A total of 251 subjects were divided into two groups accord-
ing to exposure to TCDD (Group I: 121 patients who had 
been exposed to TCDD, and Group II: 130 patients who had 
not been exposed to TCDD).

2. Methods
　We retrospectively reviewed the medical records of all 
patients including coronary angiographic findings. We ex-
amined the patient's age, body mass index (BMI), car-
diovascular disease risk factors (e.g., diabetes, hyper-
tension, hyperlipidemia, and smoking), history of previous 
percutaneous coronary intervention (PCI), left ventricular 
ejection fraction (LVEF) by 2 dimensional-echocardio-
graphy, and laboratory findings. Significant stenosis was 
defined as more than 50% stenosis of the inside diameter 
of involved coronary arteries. Successful PCI was defined 
as that achieving residual stenosis ＜30% and thrombol-
ysis in myocardial infarction (TIMI) flow ＞Grade III with-
out complications, such as cardiac death, acute myocardial 
infarction, urgent revascularization, or urgent coronary 
artery bypass graft (CABG). We assessed coronary angio-
graphic findings, procedure-related factors, and adverse 
events. MACE included death from any cause, myocardial 
infarction, and symptom-driven revascularization. 

3. Statistics
　Statistical analysis was performed by using SPSS ver-
sion 12.0. The data are reported as means±SEM for con-
tinuous variables and as proportions for categorical 
variables. A value of p＜0.05 was considered significant. 
Differences between Groups I and II were analyzed by in-
dependent t-tests and the chi-square test for continuous 
and categorical variables, respectively. The rate of MACE 
was analyzed by performing binary multiple logistic re-
gression analysis.

RESULTS

1. Baseline characteristics
　The baseline clinical characteristics of the 251 patients 

are summarized in Table 1. There were no significant dif-
ferences in age, BMI, or smoking history between the two 
groups. The prevalence of hypertension and hyper-
lipidemia was significantly higher among patients who 
had been exposed to TCDD (Group I) than among those who 
had not been exposed, respectively (Group II). Also, the pro-
portion of patients with a history of previous PCI was sig-
nificantly higher in Group I than in Group II. Conversely, 
the prevalence of diabetes was significantly higher in 
Group II than in Group I. 
　Laboratory findings, including levels of inflammatory 
makers and cardiac enzymes, and lipid profiles, were not 
significantly different between the two groups (Table 2). 
The mean creatinine level was significantly higher in 
Group II than in Group I, but both remained within the lim-
it of the reference range. LVEF was not significantly differ-
ent between the two groups.

2. Coronary angiographic findings and procedure-related 
factors

　The number of involved vessels was significantly differ-
ent between the two groups (p=0.006). Group I had a greater 
proportion of patients with only one vessel involved, where-
as Group II had a greater proportion of patients with more 
than two vessels involved. Proportions of total occlusion, 
target lesion, and left main stenosis were similar between 
the two groups. The severity of coronary lesions according 
to the American College of Cardiology/American Heart 
Association (ACC/AHA) classification and TIMI flow were 
not significantly different between the two groups (Table 
3). The stent diameter was 3.2±0.4 mm in both groups. Stent 
length was 24.9±9.2 mm in Group I and 24.5±9.3 mm in 
Group II (p=0.742). Stent use and procedural success were 
similar between the two groups (Table 4).

3. Rate of major adverse cardiac events
　During the mean follow-up period of about 36 months, 
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TABLE 3. Coronary angiographic findings

Group I (n=121) Group II (n=130) p value

Number of involved vessels, (%)
　None 
　One
　Two
　Three
Total occlusion, (%)
Target lesion, (%)
　LAD
　LCX
　RCA
Left main stenosis, (%)
ACC/AHA lesion classification, (%)
　Type B1
　Type B2
　Type C
Pre-TIMI flow, %
　0-1
　2-3

4 (3.3)
79 (65.3)
22 (18.2)
16 (13.2)
15 (12.4)

62 (51.2)
21 (17.4)
38 (31.4)
21 (17.4)

44 (36.4)
17 (14.1)
60 (49.5)

12 (9.9)
109 (90.1)

0 (0.0)
58 (44.6)
42 (32.3)
30 (23.1)
12 (9.2)

69 (53.1)
22 (16.9)
39 (30.0)
34 (26.1)

48 (36.9)
26 (20.0)
56 (43.1)

18 (13.8)
112 (86.2)

0.006

0.173
0.912

0.145
0.118

0.202

ACC/AHA: American college of cardiology/american heart association, TIMI: thrombolysis in myocardial infarction, LAD : left anterior
descending artery, LCX : circumflex artery, RCA : right coronary artery.

TABLE 4. Procedure-related factors

Group I
 (n=121)

Group II
 (n=130)

p value

Stent use, (%) 
Stent length, mm
Stent size, mm
Procedural success, % 

90 (74.4)
24.9±9.2 
3.2±0.4 

119 (98.3)

109 (83.8)
24.5±9.3 
3.2±0.4 

127 (97.7)

0.052
0.742
0.469
0.287

Table 6. Independent predictors for MACE in veterans exposed to
TCDD by logistic regression analysis

Odds ratio 95% C.I. p value

Age ＞65 years 
Total-Chol ＞220 mg/dl 
Creatinine ＞1.2 mg/dl 
LM involved (+)
Ejection fraction ＞55
Previous PCI (+) 

0.91
0.32
0.371
0.26
0.92
9.21

0.75-5.12 
0.67-1.54
0.08-1.75
0.56-1.19
0.23-3.64
2.79-30.41 

0.656
0.155
0.211
0.258
0.908

＜0.001

LM: left main, Total-Chol: total cholesterol, PCI: previous percu-
taneous coronary intervention.

TABLE 5. Major adverse cardiovascular events after percutaneous
coronary intervention

Group I
 (n=121)

Group II
 (n=130)

p value

Cardiac death, (%)
Non-Cardiac death, (%)
Myocardial
infarction, (%)

Target-lesion
revascularization, (%)

CABG, (%)
No MACE rate, (%)

0 (0.0)
2 (1.7)
4 (3.3)

34 (28.1)

1 (0.8)
80 (66.1)

1 (0.8)
4 (3.1)
2 (1.5)

24 (18.5)

2 (1.5)
97 (74.6)

0.334
0.461
0.360

0.070

0.604
0.140

CABG: coronary artery bypass graft, MACE: major adverse car-
diovascular events.

the rate of MACEs was 33.9% in the group exposed to TCDD 
and 25.4% in the group not exposed to TCDD, respectively, 
although the difference was not statistically significant 
(Table 5). By binary logistic regression analysis, the only 
independent risk factor for MACE in veterans exposed to 
TCDD was a previous history of PCI (OR=9.21, 95% CI: 
2.79-30.41, p＜0.001) (Table 6).

DISCUSSION

　This study examined the effects of TCDD exposure on 
cardiovascular disease in veterans who had been exposed 
to the agent and who underwent PCI due to ACS. The study 
endpoints showed that there was no significant difference 
in the rates of MACE after intervention between the two 
groups in this study despite the presence of differences in 
baseline characteristics. According to these results, we can 
assume that exposure to TCDD does not affect the severity 
of cardiovascular disease in acute coronary syndrome.
　The results of our study differed somewhat from those 
of other previous studies. The prevalence of diabetes was 
significantly higher in the group not exposed to TCDD. 
However, the prevalence of hypertension and hyper-
lipidemia, which are well-known risk factors for car-
diovascular disease, was significantly higher in the pa-
tients who had been exposed to TCDD than in those who 
had not. A history of previous PCI was significantly higher 
in Group I than in Group II. Patients in Group I were not 
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concerned about the cost of procedures and hospital admis-
sion because Vietnam veterans can use the Veterans 
Hospital without extra cost in Korea, and they can undergo 
PCI without hesitation. The proportion of patients with 
two or more involved vessels was higher in Group II. We 
presume that patients in Group I readily underwent PCI 
despite presumably lesser cardiac symptoms because they 
were not concerned about cost.
　Agent Orange was given its name from the color of the 
55-gallon orange-striped barrels in which it was shipped. 
It is a roughly 1:1 mixture of two phenoxyl herbicides in 
iso-octyl ester form: 2,4-dichlorophenoxyacetic acid (2,4-D) 
and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). It was 
known to contain TCDD, a byproduct of the manufacture 
of 2,4,5-T.5 Many scientific studies have found sufficient 
evidence to support a positive association between certain 
types of cancer and exposure to Agent Orange and its dioxin 
contaminant. These cancers include soft tissue sarcoma, 
non-Hodgkin lymphoma, Hodgkin disease, respiratory 
cancers (lung, larynx, and trachea), prostate cancer, and 
multiple myeloma.6 Its untoward effects also include re-
productive toxicity, teratogenesis, immune dysfunction, 
and alterations in thyroid hormone mechanisms and body 
and organ weights.7

　Several epidemiological studies have shown a weakly 
positive association between accidental or occupational ex-
posure to TCDD and glucose metabolism disorders, includ-
ing insulin resistance, hyperinsulinemia, and type II dia-
betes mellitus.8,9 Rene et al. proposed a biologically plau-
sible mechanism for this association based on opposing bio-
chemical actions of the activated aryl hydrocarbon receptor 
(AhR) and peroxisome proliferator activated receptors 
(PPARs). Whereas activated PPARs promote the differ-
entiation of adipocytes, which mediate glucose and lipid ho-
meostasis and the expression of the glucose transporter 
protein GLUT4, dioxin-like compounds inhibit pre-
adipocyte differentiation and reduce glucose transport ac-
tivity and the copy number of both GLUT4 and its mRNA. 
Rene and his colleagues proposed that these mechanisms 
induce diabetes mellitus.10,11

　There are several animal studies on the association be-
tween exposure to TCDD and the cardiovascular system. 
David et al. examined the cardiac effects of TCDD by using 
atrial muscle isolated from young or mature guinea pigs. 
Atrial muscle from TCDD-treated guinea pigs had a sig-
nificantly lower basal force of contraction after 20 days of 
treatment. They concluded that TCDD adversely affects 
the atrial muscle of the guinea pig heart.12 On the other 
hand, some reports suggested that there were no direct ef-
fects of TCDD exposure on the cardiovascular system. By 
assessing the ratio of heart ventricular mass to body weight 
and the activities of pyruvate kinase and citrate synthase 
in homogenates of heart ventricular muscle, Christopher 
et al. proposed that overtly toxic doses of TCDD in the rat 
did not depress mechanical function of the heart.13 

Hermansky et al. showed that the effects of TCDD on car-
diac function did not appear to be due to a direct action of 

the xenobiotic on the heart but possibly to down-regulation 
of β-receptors in the heart as a result of the hypothyroid 
state.14,15

　In some epidemiologic studies, Vietnam veterans had an 
increased frequency of cardiovascular disease. Kim et al. 
found a link between Agent Orange and high blood 
pressure. Risk of high blood pressure can be very serious 
and can adds other cardiac problems, such as ischemic 
heart disease and valvular heart disease, to the growing list 
of health concerns for veterans of the Vietnam War.16 Kang 
et al. suggested that Vietnam veterans who were occupa-
tionally exposed to Agent Orange experienced a higher risk 
of several chronic medical conditions than did other 
non-Vietnam veterans.17

　This study had a few limitations. First, we supposed that 
all Vietnam War veterans had been exposed to Agent 
Orange. However, this may not have been true. Also, we 
could not accurately determine the degree or length of ex-
posure to Agent Orange. Because of this selection bias, this 
study had limited power to evaluate the effect of TCDD on 
the outcome of ACS. Secondly, inferences were limited by 
the relatively small size of the population studied (N=251). 
All veterans in this study were older men, and the effects 
of TCDD on the hearts of women and younger individuals 
may differ. To address these limitations and to more accu-
rately determine the effects of TCDD, a longitudinal and 
large-scale investigation is needed.
　In conclusion, despite the higher incidence of hyper-
tension and hyperlipidemia in patients exposed to TCDD, 
exposure to TCDD may not affect the severity of car-
diovascular disease and the rate of MACEs in ACS.
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