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Introduction

Oxidative stress is defined as the overproduction of reactive oxy-
gen species (ROS) and free radicals beyond the physiological ability 
to detoxify or to repair. The considerable reactive properties of ROS 
cause oxidative damage to lipids, deoxyribonucleic acid (DNA), and 
proteins. Recent evidence suggests that ROS could have a role in 
the development of hypertension, dyslipidemia, diabetes mellitus 
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(DM), and atherosclerosis.1)2) However, the specific parts played by 
oxidative processes remain the subject of active investigation.

Oxidative damage to lipids and DNA could serve as a useful bio-
marker to allow assessment of atherosclerotic cardiovascular dis-
ease. This could help to define atherosclerotic mechanisms and 
measurement of circulating levels of specific oxidant products that 
could improve the assessment of cardiovascular risk. 

The prostaglandin, 8-iso-prostaglandin F2α (8-iso-PGF2α), is an 
isoprostane that is produced by the non-enzymatic peroxidation of 
arachidonic acid in membrane phospholipids.3) Measurement of 
8-iso-PGF2α is a reliable tool for the identification of subjects with 
enhanced rates of lipid peroxidation. Enhanced formation of 8-iso-
PGF2α has been reported in association with several cardiovascu-
lar risk factors, as well as atherosclerosis.4)5)

Deoxyguanosine is one of the constituents of DNA. When it is oxi-
dized, it is converted to 8-hydroxydeoxyguanine (8-OHdG). The com-
pound, 8-OHdG, is the most frequently detected and studied that is 
the result of DNA lesions. A body of evidence indicates that urinary 
8-OHdG is a biomarker of generalized cellular oxidative stress and 
may be a risk factor for cancer, atherosclerosis, and DM.6)
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Data focusing on the clinical application and comparison of the 
oxidation products of lipid peroxidation (8-iso-PGF2α) or DNA da-
mage (8-OHdG) in patients with stable coronary artery disease (CAD) 
are lacking. Therefore, we studied the associations of urinary 8-iso-
PGF2α or 8-OHdG with stable angina and significant CAD. 

Subjects and Methods

Study subjects 
On a prospective basis, we enrolled 104 consecutive stable angi-

na pectoris patients (ratio of cases : controls=1 : 2) with ischemia or 
equivocal on noninvasive testing who had undergone coronary an-
giography at Wonju Christian Hospital. We compared the CAD group 
with the non-CAD group. The CAD group (n=35) was defined as sub-
jects with stable angina plus significant CAD according to coronary 
angiography. Significant CAD was diagnosed by the visual assess-
ment of ≥70% luminal narrowing in any of the 3 major coronary ar-
teries or ≥50% luminal narrowing of the left main coronary artery. 
The non-CAD group (n=69) was defined as patients with stable an-
gina and atypical chest pain plus minimal CAD (<50% luminal nar-
rowing in any of the 3 major coronary arteries) or normal-looking ar-
teries according to coronary angiography. Subjects were excluded 
if they had evidence of heart failure, renal failure, infectious disease, 
or acute coronary syndrome. All subjects provided their informed 
consent, and the study protocol was approved by the Institutional 
Review Board of Wonju Christian Hospital. 

 
Laboratory measurements of oxidative products

The first urine sample was drawn from each subject after fasting 
for 12 hours or overnight. Samples were separated immediately af-
ter collection by centrifugation at 3000 rpm for 10 minutes and st-
ored at -80°C until analyses. The supernatant was used for the de-
termination of 8-OHdG (OXIS International Inc., Beverly Hills, CA, 
USA) and 8-iso-PGF2α (Stressgen Biotechnologies Inc., San Diego, 
CA, USA) with a competitive enzyme-linked immunosorbent assay 
(ELISA). The intra-assay coefficient of variation was 5.1% for 8- 
OHdG and 5.8% for 8-iso-PGF2α. The urinary 8-OHdG: creatinine 
and 8-iso-PGF2α: creatinine ratios were used in the analysis. 

Statistical analyses
Data are expressed as frequencies, means, and median values (low 

quartiles and high quartiles). Distributions of continuous variables 
were examined for skewness and kurtosis and were logarithmically 
transformed (if appropriate). We used the Student’s t-test, Mann-
Whitney U test, or chi-square test to compare the differences be-
tween case and control groups. 

Multivariable logistic regression was used to assess the indepen-

dent associations between tertiles or continuous increments in the 
levels of 8-OHdG and 8-iso-PGF2α and significant CAD. We used 2 
models with degrees of adjustment. First, we undertook an age- and 
sex-adjusted analysis (model A). Second, we further adjusted for 
hypertension (yes/no), DM (yes/no), body mass index (continuous 
variable), smoking (current/former/never), high-sensitivity C-reac-
tive protein (continuous variable), low density lipoprotein-choles-
terol (LDL-C; continuous variable), high density lipoprotein-choles-
terol (HDL-C; continuous variable) and triglyceride (continuous va-
riable) (model B).

Results are expressed as odds ratios (ORs) with 95% confidence 
intervals (CIs). Statistical significance was determined at p<0.05 for 
all comparisons. All analyses were done using a Windows-based 
Statistical Package for the Social Sciences statistical package (version 
12.0; SPSS Inc., Chicago, IL, USA). 

Results

The prevalence of history of hypertension was significantly hi-
gher and HDL-C level was significantly lower in patients who CAD 
compared with non-CAD subjects. Median levels of 8-iso-PGF2α 
were significantly higher in the CAD group compared with the non-
CAD group (9.2 vs. 6.0 ng/mg, p=0.001). There were no significant 
differences in 8-OHdG values between the 2 groups (Table 1). 

In the age- and sex-adjusted model (model A), ORs for CAD com-
paring tertiles 2 and 3 vs. tertile 1 of 8-iso-PGF2α were 1.57 (95% 
CI, 0.51-4.79) and 4.21 (95% CI, 1.39-12.76), respectively. After ad-
justment for multiple risk factors (model B), the OR for CAD in the 
highest tertile compared with the lowest tertile was 7.39 (95% CI, 
1.71-31.91). When the 8-iso-PGF2α level was introduced as a con-
tinuous variable, the OR for CAD associated with an increase of 1 
ng/mg in 8-iso-PGF2α level was 1.54 (95% CI, 1.08-2.18) in model 
A and 1.76 (95% CI, 1.17-2.64) in model B. The OR for CAD for the 
8-OHdG level (continuous variable) was 1.38 (95% CI, 1.01-1.88) in 
model A. However, other ORs for the 8-OHdG level were not signi-
ficant in models A and B (Table 2).

There was no significant difference in the median values of 8-iso-
PGF2α between single- and multi-vessel disease (9.5 vs. 12.5 ng/mg, 
p=0.678).

Discussion

In this case-control study, we found that significant CAD was as-
sociated with the urinary 8-iso-PGF2α level, a surrogate of lipid per-
oxidation. However, 8-OHdG as an DNA oxidation product was not 
associated with CAD. 

Lipid peroxidation has been considered to be a key mechanism for 
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the development of atherosclerosis and inflammatory damage to 
blood vessels. Oxidation of LDL-C makes them susceptible to up-
take by macrophages. This incorporation and accumulation into ma-
crophages is a major cause of transformation of foam cells, vascu-
lar inflammation, and plaque formation.7)8) The compound, 8-iso-
PGF2α, is formed by a non-enzymatic attack by free radicals on ar-

achidonic acid (a component of lipid cell membranes). Studies have 
shown that urinary 8-iso-PGF2α may be the most reliable marker 
to assess lipid peroxidation in chronic disease.9-11) Increased levels of 
8-iso-PGF2α are associated with aging, hypertension, DM, hyper-
cholestolemia, smoking, and CAD.4)5)12) In the present study, we fo-
und that urinary levels of 8-iso-PGF2α using ELISA were associat-
ed with significant CAD compared with those of minimal CAD and 
normal CAD after adjustment for the important risk factors of CAD. 
This finding supports the concept that there might be a relation-
ship between urinary concentrations of 8-iso-PGF2α and the se-
verity of CAD. However, we failed to demonstrate a difference be-
tween single- and multi-vessel CAD. Further studies will be needed 
to find the association between 8-iso-PGF2α concentrations and 
the severity of atherosclerosis. 

Deoxyribonucleic acid damage induces apoptosis in atheroscle-
rotic plaques if DNA damage cannot be repaired by physiological 
mechanisms. Endothelial apoptosis is an early event in atherogene-
sis and triggers plaque formation.13) Apoptosis of vascular smooth 
muscle cells is associated with the growth and rupture of plaque 
due to the inflammation and remodeling of blood vessels.14)15) There-
fore, oxidative DNA damage may have a role in the pathogenesis of 
atherosclerosis. 

The compound, 8-OHdG, is an oxidized nucleoside of DNA. It is a 
valid marker for measuring the DNA damage caused by oxidative 
stress.6) Elevated levels of 8-OHdG are related with various states of 
malignancy,16) DM,17) peripheral arterial disease,18) and heart failure.19) 

Table 1. Demographic and metabolic characteristics of cases and controls

CAD (n=35) Non-CAD (n=69) p

Demographics, n (%)

Sex (male) 39 (57) 17 (49) 0.533

Age (years) 61±10 59±10 0.121

Hypertension 24 (69) 22 (32) 0.011

Diabetes 6 (17) 7 (10) 0.354

Current smoker 8 (23) 18 (26) 0.786

Body mass index (kg/m2) 25.3±3.4 25.1±3.4 0.797

Metabolic characteristics

Isoprostane/Creatinine (ng/mg) 9.2 (5.1-28.1) 6.0 (3.1-10.0) 0.001

8-OHdG/Creatinine (ng/mg) 1.43 (0.97-1.83) 1.13 (0.91-1.84) 0.057 

Fasting plasma glucose (mg/dL) 126.2±42.9 111.7±43.6 0.115 

Triglyceride (mg/dL) 194.0±78.94 153.76±77.18 0.169

LDL-C (mg/dL) 118.87±33.34 110.84±32.88 0.254 

HDL-C (mg/dL) 42.74±10.39 47.95±10.84 0.022 

CRP (mg/dL) 0.165 (0.055-0.493) 0.090 (0.040-0.232) 0.092

Uric acid (mg/dL) 5.37±1.59 5.26±1.52 0.746

Data are expressed as median (inter-quartile range) with the Mann-Whitney U test, mean±standard deviation with the Student’s t-test, or number (per-
cent) with chi-square test. 8-OHdG: 8-hydroxydeoxyguanine, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, CRP: 
C-reactive protein, CAD: coronary artery disease

Table 2. Association between significant CAD and markers of oxidative stress

Model A
OR (95% CI)

Model B
OR (95% CI)

8-iso-PGF 2α/creatinine (ng/mg)

1st tertile (≤4.56) 1.00 1.00

2nd tertile (<9.62, >4.56) 1.57 (0.51-4.79) 1.99 (0.45-8.80)

3rd tertile (≥9.62) 4.21 (1.39-12.76) 7.39 (1.71-31.91)

Continuous variable
  per increment of 1 ng/mg 

1.54 (1.08-2.18) 1.76 (1.17-2.64)

8-OHdG/creatinine (ng/mg)

1st tertile (≤0.99) 1.00 1.00

2nd tertile (<1.79, >0.99) 0.96 (0.31-2.95) 0.77 (0.20-3.00)

3rd tertile (≥1.79) 1.87 (0.63-5.55) 1.38 (0.35-5.37)

Continuous variable
  per 1 ng/mg increment

1.38 (1.01-1.88) 1.52 (0.94-2.47)

Model A: adjusted for age and sex, Model B: model A+further adjustment 
for hypertension, diabetes, smoking history, body mass index, triglyceride, 
LDL-C, HDL-C and C-reactive protein. 8-OHdG: hydroxydeoxyguanine, 8-iso-
PGF2α: 8-iso-prostaglandin F2α, OR: odds ratio, CI: cinfidence interval, CAD: 
coronary artery disease, LDL-C: low density liprotein-cholesterol, HDL-C: high 
density liprotein-cholesterol
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However, there were no significant differences between the CAD 
and non-CAD group in the present study with respect to this para-
meter. These results suggest that lipid peroxidation is more impor-
tant than oxidative damage to DNA in patients with CAD. 

Two limitations must be considered when interpreting the results 
of the present. First, this study was of a case-control design from 
which cause-effect relationships could not be concluded. Second, 
these results cannot be generalized to all patients with CAD, be-
cause the study population was relatively small and because we 
excluded patients with unstable CAD. 
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