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ABSTRACT 

Background and Objectives：Recent studies have suggested that there is a significant correlation between elevated 
serum Osteoprotegerin (OPG) levels and cardiovascular diseases. We investigated whether the serum OPG levels were 
associated with heart failure (HF), acute myocardial infarction (AMI) and unstable angina (UA), and whether the 
serum OPG levels were correlated with the NYHA classifications. Subjects and Methods：The serum OPG levels 
were measured in 127 patients suffering with HF, AMI and UA and they were hospitalized in the cardiology de-
partment, and these values were compared to 63 healthy controls. The NYHA classification was used to define 
the clinical disease severity. The serum OPG level was measured by performing ELISA. Results：The serum OPG 
levels were significantly higher in the patients with HF and AMI than those in the control subjects (p=0.003, 
p=0.002, respectively). The mean OPG levels were 555, 683, 774 and 856 pg/mL for the subjects and controls, 
according to the NYHA classifications II, III and IV, respectively. Multiple regression analysis revealed that the 
serum OPG levels were significantly associated with HF and AMI, and when all subjects were regrouped according 
to NYHA classification, the serum OPG levels were also significantly associated with the NYHA classification. 
Conclusion：The serum OPG levels were increased in Asian patients suffering with cardiovascular disease such as 
HF and AMI, and they were also increased with the NYHA classification. The serum OPG level could be a marker 
for different stages of cardiovascular disease. (Korean Circulation J 2007;37:353-358) 
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Introduction 

 
Osteoprotegerin(OPG) is a member of the tumor ne-

crosis factor(TNF) family, and it can function as a solu-
ble decoy receptor by binding with the receptor activator 
of the nuclear factor-kappa B ligand(RANKL); this com-
petitively inhibits the interaction between RANKL and 
its receptor.1) OPG is known to inhibit osteoclast pro-
liferation and differentiation, and it has recently been 
proposed to be linked to osteoporosis and atheroscle-
rosis.2) OPG-deficient mice exhibit severe osteoporosis 
and multiple artery calcifications in their large arteries.3) 
Administration of OPG prevented the development of 

vascular calcification in another animal model of arterial 
calcifications.4) OPG is also expressed in vitro in vas-
cular cells such as the coronary smooth muscle cells and 
endothelial cells,5) and it has been shown to prolong 
endothelial cell survival by preventing apoptosis.6) 

OPG is detected not only in normal arteries, but also 
in the early atherosclerotic lesions of humans.7) These 
findings suggest that OPG may play a potential role in 
the process of atherogenesis and atherosclerotic calcifi-
cation. Recent studies have reported that an increased 
serum OPG level was significantly associated with the 
presence and the severity of coronary artery disease,8-10) 
and also with the cardiovascular mortality of elderly wo-
men.11) A recent prospective study reported that eleva-
ted OPG levels were an independent risk factor for 
cardiovascular disease in the general population.12) In 
addition, it has been suggested that OPG is a novel 
marker for the cardiovascular mortality and clinical 
events of patients with acute myocardial infarction(AMI) 
complicated by heart failure(HF).13) However, no such 
study has yet been conducted on Asian subjects. The-
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refore, we measured the serum OPG levels in different 
patient groups that suffered with HF, unstable angina 
(UA) and AMI, and we compared the findings with a 
control group. We also subdivided the study subjects 
according to the New York Heart Association(NYHA) 
classification and we then compared the mean serum 
OPG levels. 
 

Subjects and Methods 
 
Study population 

The total study population was 190 subjects(118 males 
and 72 females, mean age: 60.6±10.5). The study sub-
jects were chosen from the patients who visited the 
Cardiology Department at Kangbuk Samsung Hospital, 
Seoul, South Korea from March to November 2005 
with the chief complaint of chest pain or dyspnea, after 
we excluded those patients with non-cardiac diseases 
and symptoms. The control group consisted of 63 
volunteers(32 males and 31 females, mean age: 56.4±
8.3), who visited the Kangbuk Samsung Hospital Medi-
cal Screening Center for a routine check up on their 
health status. The study subjects were clinically divided 
into four groups: the AMI, UA, HF and control groups.  

The diagnosis of AMI was determined based on the 
criteria that satisfied the diagnosis for acute, evolving or 
recent MI: the typical rise and gradual fall of the tro-
ponin levels or a more rapid rise and fall of the CK-MB 
levels for the biochemical markers of myocardial necrosis, 
along with at least one of the following: a) ischemic symp-
toms, b) the development of pathologic Q waves on the 
ECG, c) ECG changes indicative of ischemia(ST segment 
elevation or depression) or d) coronary artery interven-
tion(e.g., coronary angioplasty).14) UA was defined as 
angina pectoris with at least one of three features: 1) it 
occured at rest and usually lasted more than 20 minutes, 
2) it was severe and described as frank pain with a new 
onset(i.e., within 1 month) and 3) it occurred with a 
crescendo pattern.15) The diagnosis of HF was made 
using the Framingham Criteria.16) We regrouped all the 
subjects according to the NYHA classification and we 
regarded the control as being in the NYHA I classifica-
tion. 

Those patients with significant concomitant disease 
such as infection, rheumatoid arthritis, inflammatory 
bowel disease, chronic renal failure(serum creatinine 
≥2.0 mg/dL), chronic liver disease and malignancy, or 
those patients taking steroids or other immunosuppre-
ssants were not included in the study. Informed con-
sent for participation in the study was obtained from 
all the subjects. The study protocol was reviewed and it 
was approved by the local ethics committee; the study 
was performed according to the Declaration of Hel-
sinki. 
 

Measurement of anthropometric data and blood 
chemistry  

The heights, weights, waist circumferences, blood pres-
sures(systolic and diastolic) and heart rates were measured 
in duplicate and the results were then averaged. The 
body mass index(BMI) was calculated by dividing the 
weight(kg) by the height(in meter) squared. 

Blood samples were drawn the day after admission. 
After an overnight fast, the blood glucose, the total cho-
lesterol, triglyceride(TG), high-density lipoprotein cho-
lesterol(HDL-C), low-density lipoprotein cholesterol 
(LDL-C), blood urea nitrogen(BUN), creatinine, uric 
acid, the white cell count and the high sensitivity C-reac-
tive protein(hs-CRP) were measured. The hexokinase 
method was used to measure the blood glucose levels and 
the enzymatic calorimetric test was used to measure the 
total cholesterol and triglyceride levels. The selective in-
hibition method was used to measure the level of HDL-
C, and the homogeneous enzymatic calorimetric test was 
used to measure the level of LDL-C. The serum hs-
CRP levels were measured by employing a nephelometric 
assay and by using a BNII nephelometer(Dade Behring 
Inc., Deerfield, IL, USA). The results were presented as 
mg/L and the limit of the measurement was 0.2 mg/L.  
 
Measurement of serum OPG level  

To measure the serum OPG, the serum was separated, 
stored at -80℃ and all the samples were measured si-
multaneously. The serum OPG levels were measured via 
sandwich ELISA(Oscotec, Chunan, Korea). In brief, a 
monoclonal IgG antibody was used as the capture anti-
body and a biotin-labeled polyclonal anti-human OPG 
antibody was used as the detection antibody. The intra-
assay coefficient of variation was 6.9-9.0%, and the inter-
assay coefficient of variation was 6.0-9.0% for the OPG 
measurement. 
 
Performance of echocardiograms  

A two-dimensional echocardiogram was performed for 
all the subjects to measure the echocardiographic para-
meters. The internal diameter at end-diastole(IVIDs), the 
ejection fraction(EF) and the left atrial(LA) size were the 
parameters we measured. 
 
Statistical analysis  

Statistical analysis was performed using SPSS for win-
dows(version 12.0, Chicago, IL). The values were expres-
sed as means and standard deviations(SD). The clinical 
and biochemical parameters of the study groups were 
compared by the one-way ANOVA, and post-hoc analysis 
was performed to individually compare the mean values. 
The ANCOVA test was used to compare the mean values 
among the groups after adjustment for age and gender. 
All multiple comparisons were conducted with the Bon-
ferroni correction. Pearson’s correlation analysis was used 
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to determine the correlation between the OPG levels for 
each of the variables we studied. Multiple regression ana-
lysis with using the serum OPG level at the time of diag-

nosis was performed to determine the predictors after 
adjustment for confounding factors. All the subjects were 
regrouped according to the NYHA classification, and 
another multiple regression analysis was then performed. 
p<0.05 were considered as significantly different. 
 

Results 
 
Baseline characteristics  

The study subjects consisted of 190 subjects; these in-
cluded 118 males and 72 females(mean age: 60.6±10.5) 
(Table 1). We divided the patients into four groups ac-
cording to their disease status, and we also divided them 
by the NYHA classifications(Table 2). There were 28 
patients in the HF group, 53 patients in the UA group, 
46 patients in the AMI group and 63 subjects in the 
control group.  

Comparison of the serum OPG levels among the 
groups, as divided by the disease status and the NYHA 
classification 

There was a significant difference in the mean age 
across the groups; the patients in the HF, UA and AMI 
groups were older than those in the control group(p< 
0.001). The mean age and ejection fraction(EF) for the 
control, UA, AMI and HF groups were 56±8, 62±10, 
61±13 and 68±9, and 67±7%, 66±8%, 52±15% 
and 42±13%, respectively(p<0.001 and p<0.001). 

The mean values of the serum OPG levels were more 
elevated in the HF, UA and AMI groups than in the 
control group, and these differences were significant even 
after adjustment for age and gender(p<0.001)(Fig. 1). 

The mean serum OPG levels increased as the degree 
of disease increased, as classified by the NYHA(Table 2) 
(Fig. 1). There were significant differences in the mean 
values of the cardiovascular risk factors among the groups 
that were divided according to the NYHA classification 
(data are not shown). 
 
Relationship between the serum OPG level and the 
cardiovascular risk factors, the disease status and the 
NYHA classification  

Correlation analyses were performed between the serum 

Table 1. Baseline characteristics of the disease groups 

 
Patient 

(n=127) 
Control 
(n=63) 

p 

Age (yrs) 63±11 56±8 <0.027

Gender (male)(n) 84 32 <0.022

Systolic BP (mmHg) 132 (129,136) 121 (117,126) <0.001
Diastolic BP (mmHg) 78 (75,81)0 82 (80,84)0 <0.049
Heart rate  

(beat per min) 
74 (72,750) 66 (63,68)0 <0.001

Total cholesterol  
(mg/dL) 

172 (165,180) 196 (185,207) <0.001

HDL-C (mg/dL) 43 (41,45)0 58 (55,61)0 <0.001
LDL-C (mg/dL) 112 (105,119) 118 (109, 129) <0.322

Triglyceride (mg/dL) 165 (125,205) 129 (75,184).0 <0.317
Hs-CRP (mg/L) 7.83 (4.45,11.2) 1.31 (0.27,5.36) <0.020

Glucose (mg/dL) 123 (114,132) 100 (86,114).0 <0.009

Cr (mg/dL) 1.16 (1.03,1.30) 1.12 (0.93,1.32) <0.737
Echo parameter    

LVIDd (mm) 52.3 (50.4,54.2) 48.7 (47.1,50.3) <0.005
EF (%) 56 (54,58)0 67 (63,70)0 <0.001

LA (mm) 45 (44,46)0 38 (36,40)0 <0.001
BMI (kg/m2) 26 (25,26)0 24 (23,25)0 <0.010

Diabetes mellitus (%) 36 11 <0.001

Hypertension (%) 48 24 <0.001
Dyslipidemia (%) 58 19 <0.001

Smoking (%) 26 23 <0.446
Medication (%) 77 05 <0.001

Beta blocker (%) 35 03 <0.001

CCB (%) 42 02 <0.001
ACEI (%) 14 00 <0.001

ARB (%) 22 03 <0.001
Diuretics (%) 24 02 <0.001

Statin (%) 42 00 <0.001
OPG (pg/mL) 760 (702,818) 549 (466,632) <0.001
BP: blood pressure, HDL-C: high-density lipoprotein cholesterol, 
LDL-C: low-density lipoprotein cholesterol, Hs-CRP: high-sensitivity
C-reactive protein, BUN: blood urea nitrogen, Cr: serum creatinine,
WBC: white blood cell, Echo: echocardiogram, LVID: left ventricular
internal diameter at end-diastole, EF: ejection fraction, LA: left atrium,
BMI: body mass index, CCB: calcium channel blocker, ACEI: angio-
tensin converting enzyme inhibitor, ARB: angiotensin receptor blocker,
OPG: osteoprotegerin. Age and gender adjusted 
 

Table 2. Baseline characteristics according to the NYHA classification

Variable 
Control (1) 

(n=63) 
Class Ⅱ (2) 

(n=40) 
Class Ⅲ (3)

(n=68) 
Class Ⅳ (4) 

(n=19) 
p 

Age (yrs) 56±9 60±10 63±11 66±7 <0.001
Gender (male)(n) 32 24 48 14 <0.001
Echo parameter      

LVIDd (mm) 49 (47,50)0 52 (49,54)0 53 (50,56)0 50 (42,58)0 <0.050
EF (%) 66 (64,70)0 64 (60,68)0 56 (53,59)0 45 (40,50)0 <0.001
LA (mm) 39 (37,40)0 43 (41,46)0 45 (44,47)0 46 (42,49)0 <0.001

OPG (pg/mL) 563 (479,646) 683 (581,785) 768 (688,847) 844 (694,993) <0.002
Comparisons of the mean values among the groups were done with one-way ANOVA testing. The echo parameter and OPG were age and gender ad-
justed with ANCOVA testing. Multiple comparison for EF; (1)≠(3), (1)≠(4), (2)≠(3), (2)≠(4), (3)≠(4). Multiple comparison for OPG; (1)≠(2), 
(1)≠(3), (1)≠(4). NYHA: New York Heart Association, OPG: osteoprotegerin, EF: ejection fraction, ≠: The two groups are different, LVID: left 
ventricular internal diameter at end-diastole, LA: left atrium 
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OPG level and the various cardiovascular risk factors in 
the control group(Table 3). Positive correlations were 
observed between the serum OPG levels and the patients’ 
age, heart rates and log HsCRP; negative correlations 
were observed for total cholesterol, HDL-C and the EF. 
When multiple regression analysis was performed with 
the serum OPG level as the dependent variable and the 
cardiovascular risk factors and disease status as the in-
dependent variables, the presence of HF and AMI were 
significant positive predictors of the serum OPG levels 
after adjustment was made for the confounding varia-
bles, including the EF(p=0.030, p=0.001, respectively). 

When multiple regression analysis was performed with 
the serum OPG level as the dependent variable and the 
NYHA classification as the independent variable, positive 

correlations were detected between the serum OPG levels 
and the NYHA III and IV classifications after adjust-
ment for the confounding factors(Table 4, p=0.007, 
p=0.008). 

 
Discussion 

 
The present study showed that patients suffering with 

AMI and HF had significantly increased serum OPG 
levels compared with the controls. In addition, the serum 
OPG levels were significantly more elevated in the 
NYHA III and IV groups than that in the NYHA I 
group. 

A recent report demonstrated that the serum OPG 
level was significantly elevated in the patients suffering 
with AMI complicated by HF13); another study reported 
that the systemic expression of RANKL and OPG increa-
sed according to the functional, hemodynamic and neu-
rohormonal disease severity in human HF.14) Our fin-
dings are consistent with the above reports and it is 
one of a few studies suggesting an association between 
the serum OPG levels and heart failure, and it is the 
first one performed on non-Caucasians. 

We cannot define the precise mechanism associated 
with increased serum OPG levels in patients suffering 
with AMI and HF since OPG is known to be a product 
of many tissues, including the organs of the cardiovas-
cular system, the lungs, kidneys, bone and the circulating 
immune cells.17) Moreover, we cannot derive any con-
clusions regarding the relative contributions of ischemia 
and HF, respectively, to the increased OPG levels in 
patients suffering with AMI and HF. Although recent 
studies have reported high levels of OPG in patients with 
angina,8)9) another study found increased OPG levels in 
chronic HF patients with no differences observed bet-
ween the patients suffering with ischemic or idiopathic 
cardiomyopathy.19) This result suggests that HF in itself 

Table 3. Pearson correlations between the log OPG and the other
variables 

Variable Pearson correlations p 

Age (yrs) -0.201 0.005

Systolic BP (mmHg) -0.085 0.245

Diastolic BP (mmHg) -0.169 0.020

Heart rate (beat per min) -0.218 0.001

Total cholesterol (mg/dL) -0.250 0.001

HDL-C (mg/dL) -0.203 0.007

LDL-C (mg/dL) -0.145 0.054

Log triglyceride (mg/dL) -0.052 0.488

Log Hs-CRP (mg/dL) -0.183 0.024

Glucose (mg/dL) -0.026 0.735

LVIDd (mm) -0.053 0.583

EF (%) -0.211 0.004

LA (mm) -0.162 0.031

BMI (kg/m2) -0.126 0.130
BP: blood pressure, HDL-C: high-density lipoprotein cholesterol, 
LDL-C: low-density lipoprotein cholesterol, Hs-CRP: high-sensitivity
C-reactive protein, LVID: left ventricular internal diameter at end-
diastole, LA: left atrium EF: ejection fraction, BMI: body mass index,
OPG: osteoprotegerin 
 

Table 4. Multiple regression analysis for OPG as a dependent variable
and the NYHA classification 

 B t p

Age -0.201 -2.106 0.038

Gender -0.033 -0.372 0.711

BMI -0.185 -2.085 0.039

Diabetes mellitus -0.009 -0.088 0.930

Hypertension -0.071 -0.722 0.472

Dyslipidemia -0.125 -1.206 0.231

Hs-CRP -0.117 -1.269 0.207

Control - - -
NYHA Ⅱ -0.123 -1.170 0.245

NYHA Ⅲ -0.307 -2.768 0.007

NYHA Ⅳ -0.273 -2.701 0.008

R2 0.225 

OPG: osteoprotegerin, NYHA: New York Heart Association, Hs-
CRP: high-sensitivity C-reactive protein, BMI: body mass index 
 

Control II III IV

NYHA 
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p<0.001

Fig. 1. The serum OPG level (pg/mL) according to the NYHA classifi-
cation. OPG: osteoprotegerin, NYHA: New York Heart Association.
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is a potent stimulus for the release of OPG.  
The enhanced systemic expression of RANKL was 

accompanied by the expression of RANKL/RANK by 
the cardiomyocytes in both human and rat models of 
HF.17) These findings suggest a potential role for RA-
NKL/RANK interaction in the pathogenesis of HF that 
involves endocrine, paracrine and autocrine mechani-
sms such as the interactions between infiltrating activated 
T cells and cardiomyocytes. OPG can prevent interac-
tion between RANK and RANKL by binding to RA-
NKL. Thus, an increased serum OPG level in patients 
with HF could potentially protect against the deleterious 
effects of RANKL. Although the stabilizing effect of 
OPG on RANKL cannot be excluded, the pathophysio-
logical consequences of the increased serum OPG level 
in HF patients must be further studied. Furthermore, 
if the serum RANKL level could be measured simulta-
neously with the OPG level, then questions about the 
effects of OPG on RANKL would be solved easier. In 
this study we showed that the OPG level was elevated 
in AMI subjects after adjusting for EF. We can specu-
late that OPG plays a protective role by its expression 
in vascular smooth muscle cells and in the endothelium 
in response to pro-apoptotic stimuli, since vascular apop-
tosis can weaken the cap tissue and thereby promote 
plaque rupture.6)19) In addition, recent studies have also 
shown that serum OPG is more highly secreted in symp-
tomatic carotid plaques than in the asymptomatic le-
sions.20) Therefore, it could be hypothesized that the 
increased serum OPG levels in AMI patients may result 
from the rupture of plaques. Another explanation of 
OPG’s role may be via the collagen network. Disrup-
tion of this collagen network may lead to myocyte slip-
page, ventricular dilatation and progressive contractile 
dysfunction.21-23) The M matrix-degrading enzyme family 
probably plays a role in determining the integrity of the 
tissue in an atherosclerotic plaque, as well as during the 
process of plaque rupture.20-23) Therefore, OPG may play 
a major role in the ventricular remodeling and dilatation 
seen in HF patients; OPG influences the plaque vul-
nerability by modulating these enzymes directly or by 
OPG’s binding to RANKL.  

Our finding of higher serum OPG levels in AMI 
patients may be related to the increased secretion of 
inflammatory cytokine that occur in patients with acute 
coronary syndromes.24-26) In vitro studies have shown 
that inflammatory cytokines such as PDGF, IL-1 and 
TNF-alpha upregulate the OPG expression in vascular 
smooth muscle and endothelial cells.27) Thus, we mea-
sured the Hs-CRP, which is an acute-phase reactant, as 
a novel marker of atherosclerosis. We found simple cor-
relation between the serum OPG level and the Hs-CRP 
level. This finding is consistent with other studies that 
have shown a relationship between the OPG level and 
the systemic inflammatory markers.10)11) 

This study has several limitations. First, there were 
significant differences in age, gender and the number of 
subjects among the different study groups. Further, we 
did not analyze the menopausal status, which might have 
influenced the serum OPG level. However, there were 
consistent significant differences in the serum OPG levels 
among the groups even after adjustment for age and 
gender. Therefore, this limitation was unlikely to have 
affected the results. However, further investigations are 
needed that will employ well-characterized, well-matched 
study groups. Second, the control group was a volunteer 
sample population and not a random sample of the 
general community. Third, the blood samples were 
drawn the day after admission, so the OPG level might 
have been influenced by the acute phase, but we did 
not measure the follow-up OPG levels and we did not 
measure the BNP, which is a surrogate marker of heart 
disease. Further study is needed to learn whether the 
OPG and BNP levels decline in patients with severe 
heart failure after they undergo adequate treatment. Fi-
nally, the number of subjects was relatively small. Thus, 
we expect that any extended future studies will include 
a larger, random population sample.  

In conclusion, we have shown that the serum OPG 
levels were increased in patients with cardiovascular di-
sease such as HF and AMI, and also with the NYHA 
classification in Asian subjects. The serum OPG level 
could be a novel marker for different stages of cardio-
vascular disease.  

This study was supported by a grant from the Korean Society of Cir-
culation(Industrial-educational cooperation 2005). 
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