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Osteoprotegerin (OPG) regulates osteoclast and immune
functions and appears to represent a protective factor for the
vascular system. However, the role of OPG in human athero-
sclerosis has not been evaluated. In this study, we assessed
OPG serum levels in 522 age-matched men who, on the basis
of coronary angiography, had either absence of coronary ar-
tery disease (CAD) or presence of single-vessel disease, dou-
ble-vessel disease, or severe triple-vessel disease. OPG serum
levels were positively correlated with age (r = 0.28; P < 0.001)
and were higher in men with diabetes mellitus (P < 0.01). OPG
serum levels in men without CAD were 5.4 = 2.0 pmol/liter,

compared with 6.1 = 2.1 pmol/lliter in single-vessel disease
(P < 0.005), 5.9 = 2.4 in double-vessel disease (P < 0.05), and
6.3 = 2.3 pmol/liter in triple-vessel disease (P < 0.001). More-
over, OPG serum levels were positively correlated with the
severity of CAD as determined by a CAD scoring system (r =
0.17; P < 0.01). In conclusion, our data underline that OPG
serum levels are associated with the severity of CAD and are
increased in elderly men and patients with diabetes mellitus.
We conclude that increased OPG serum levels may reflect
advanced cardiovascular disease in men. (J Clin Endocrinol
Metab 88: 1024-1028, 2003)

OSTEOPROTEGERIN (OPG), A MEMBER of the TNF

receptor family, was found to inhibit receptor activa-
tor of nuclear factor-«B ligand (RANKL)-mediated osteoclas-
tic bone resorption in vitro and in vivo (1-3). RANKL acts on
its specific receptor, receptor activator of nuclear factor-«B,
which is expressed on osteoclasts and dendritic cells (4). In
addition to bone metabolism, RANKL and OPG are essential
for modulation of dendritic cell functions, regulation of
lymph node organogenesis, and lymphocyte development
(5-7). In vitro, OPG appears to influence B cell development
and functions (8) and may exert antiapoptotic effects by
binding TNF-related apoptosis-inducing ligand, an inducer
of apoptosis in susceptible cells (9).

OPG is secreted by a variety of tissues, including the car-
diovascular system, where it is expressed in the heart and the
vascular wall in rodents (1). OPG-deficient mice exhibit se-
vere osteoporosis and vascular calcification of the aorta and
renal arteries (10), a phenotype that can be prevented by
delivery of the OPG transgene from midgestation (11). In
another animal model of arterial calcification induced by
warfarin or vitamin D intoxication, sc administration of OPG
was able to prevent vascular lesions (12). In vitro, OPG pro-
longs endothelial cell survival by preventing apoptosis (13).
However, the role of OPG in atherosclerosis has not yet been
studied in humans.

We hypothesized that alterations of the OPG cytokine
system may promote vascular disease in humans. In this
study, we measured serum levels of OPG in 522 men who
underwent coronary angiography and their correlation to the
severity of coronary artery disease (CAD) and the presence
of cardiovascular risk factors.

Abbreviations: CAD, Coronary artery disease; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; OPG, osteoprotegerin;
RANKL, receptor activator of nuclear factor-«B ligand.

Subjects and Methods
Subjects

The study population consisted of 522 Caucasian men undergoing
diagnostic coronary angiography for suspected CAD. The study was
approved by the Institutional Review Board, and written informed con-
sent was obtained from all patients. CAD was defined as narrowing of
more than 50% of at least one major coronary artery, and coronary
angiographies were interpreted by at least two experienced cardiolo-
gists. On the basis of these coronary angiographies, the number of
affected coronary arteries was determined. In addition, the severity of
CAD was determined using a modified Gensini score as previously
reported (14).

These men were a subset from a well defined cohort of patients that
was initiated to optimize strategies for the prevention of CAD (15). Data
available for each patient included coronary angiography findings and
detailed cardiovascular risk profiles. Patients with malignancies, osteo-
porosis, and renal disease (creatinine levels > 2.0 mg/dl) and patients
receiving systemic glucocorticoids or immunosuppressants were ex-
cluded from the study.

Measurements

Serum samples were collected before coronary angiography of fasting
patients and subsequently stored at —20 C until analysis. OPG serum
concentrations were analyzed blinded to any clinical information using
an ELISA system from Immundiagnostik (Bensheim, Germany; Ref. 16).
In brief, a monoclonal IgG antibody was used as capture antibody, and
a biotin-labeled polyclonal antihuman OPG antibody was used as
detection antibody. Triglyceride, total cholesterol, and high-density
lipoprotein (HDL) serum levels were determined using standard enzy-
matic methods (Roche Diagnostics, Mannheim, Germany), and
low-density lipoprotein (LDL) levels were calculated according to the
Friedewald equation. Lipoprotein (a), Apo Al, and Apo B serum levels
were determined using standard nephelometric methods (Dade-
Behring, Marburg, Germany). Homocysteine serum levels were mea-
sured by an ELISA system from Bio-Rad Laboratories, Inc. (Munich,
Germany). Arterial hypertension was defined as systolic blood pressure
repeatedly measured greater than 140 mm Hg, diastolic blood pressure
greater than 90 mm Hg, or current use of antihypertensive drugs. Pa-
tients were considered as diabetic if fasting glucose was repeatedly
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above 120 mg/dl or if they were receiving antidiabetic oral drugs or
insulin injections.

Statistical analysis

Statistical analysis was performed using the SPSS software for Win-
dows, version 9.0.1 (SPSS, Inc., Chicago, IL). Summary statistics for
continuous variables were recorded as the mean * sp, and categorical
data were summarized as frequencies and percentages. Multiple group
comparisons were performed using Kruskal-Wallis test followed by
Mann-Whitney U test if significant differences were detected. Correla-
tions between continuous variables were calculated according to Spear-
man-Rho. Multivariate logistic regression analysis was performed with
the presence of CAD as the dependent variable and OPG serum levels,
age, body mass index, HDL, LDL, triglyceride serum levels, and arterial
hypertension as independent variables. All numeric data are presented
as the mean = sp, and a P value of less than 0.05 was considered
statistically significant.

Results

OPG serum levels in men, with CAD patients compared
with men without CAD

On the basis of coronary angiographies, the 522 men
were categorized as subjects without CAD (n = 124), pa-
tients with single-vessel disease (n = 113), patients with
double-vessel disease (n = 107), or patients with severe
triple-vessel disease (n = 178). The characteristics of these
four groups are given in Table 1. Because OPG serum
levels were found to be positively correlated with age (r =
0.28; P < 0.001), the four groups were age-adjusted (Table
1). As expected, the percentage of patients with diabetes
mellitus was higher in patients with advanced CAD, con-
sistent with the established role of diabetes mellitus in the
pathogenesis of CAD, whereas all groups had comparable
creatinine serum levels. OPG serum levels in men without
CAD were 5.4 * 2.0 pmol/liter, and significantly higher in
patients with single-vessel disease (6.1 * 2.1 pmol/liter;
P <0.005), double-vessel disease (5.9 = 2.4 pmol/liter; P <
0.05), or triple-vessel disease (6.3 * 2.3 pmol/liter; P <
0.001; Fig. 1). When all CAD groups were combined, OPG
serum levels were also significantly higher in men with
CAD (6.1 = 2.3 pmol/liter) compared with men without
CAD (5.4 = 2.0 pmol/liter; P < 0.001). Moreover, OPG
serum levels were higher in men with diabetes mellitus
(6.6 £ 2.4 pmol/liter) than in men without diabetes mel-
litus (5.8 * 2.2 pmol/liter; P < 0.01). To rule out a con-
founding effect of diabetes mellitus on OPG serum levels,
we reanalyzed the data after excluding patients with di-
abetes mellitus. In men without diabetes mellitus, OPG
serum levels were 5.4 = 2.0 pmol/liter in men without

TABLE 1. Characteristics of men with or without CAD
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CAD, and higher in patients with single-vessel disease
(6.0 = 2.1 pmol/liter; P < 0.05), double-vessel disease
(5.7 = 2.1 pmol/liter; P = 0.196), or triple-vessel disease
(6.2 = 2.3 pmol/liter; P = 0.001). When all CAD groups
were combined, OPG serum levels were also significantly
higher in nondiabetic men with CAD (6.0 = 2.2 pmol/liter)
compared with nondiabetic men without CAD (5.4 = 2.0
pmol/liter; P < 0.005).

Using a CAD scoring system that assesses the severity of
CAD rather than the number of affected coronary arteries,
OPG serum levels were found to be positively correlated
with the severity of CAD (r = 0.17; P < 0.01; Fig. 2).

OPG serum levels and cardiovascular risk factors

Next, we assessed the association of OPG serum levels
with established cardiovascular risk factors, including var-
ious lipids and lipoproteins, arterial hypertension, and ho-
mocysteine serum concentrations. Of note, OPG serum levels
were positively correlated with homocysteine serum levels
(r = 0.19; P < 0.001) and negatively correlated with triglyc-
eride serum concentrations (r = —0.14; P < 0.001), but were
not correlated with the body mass index or any other pa-
rameter of lipid metabolism such as total cholesterol, HDL or
LDL cholesterol, Apo Al and Apo B, or lipoprotein (a). How-
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No CAD Single-VD

Fic. 1. OPG serum levels in men without CAD (No CAD) compared
with patients with single-, double-, or triple-vessel disease (VD).
Boxes represent the 95% confidence intervals, with the mean super-
imposed as a horizontal line. Error bars indicate ranges of OPG serum
levels. *, P < 0.05; **, P < 0.005; *** P < 0.001.

Double-VD  Triple-VD

Number of affected coronary arteries 0 1 2 3
No. of men 124 113 107 178
Age (yr) 59 =9 60 =9 60 =9 60 =9
OPG concentrations (pmol/liter) 54+ 2.0 6.1 2.1 5924 6.3 +2.3
(1.2-14.4) (2.3-13.2) (0.9-14.5) (1.0-16.7)
Arterial hypertension (%) 37 28 41 42
Diabetes mellitus (%) 3 16 19 16
Creatinine (mg/dl) 1.1 +0.2 1.1 +0.2 1.1 +0.2 1.1+0.2
BMI (kg/m?) 29.1 £52 29.2 £51 29.6 = 5.0 29.1 45

The number of affected coronary arteries was determined by coronary angiography. All numbers represent the mean *+ sp. In addition, the

ranges of OPG concentrations are given. BMI, Body mass index.
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Fic. 2. Correlation of OPG serum levels with the severity of CAD as
determined by a CAD scoring system in 522 age-adjusted men.

TABLE 2. Association of CAD with OPG serum levels and
established risk factors of CAD in 522 men

Variable Odds ratio 95% CI P
OPG (pmol/liter) 1.27 1.07-1.50 <0.01
Age (yr) 1.00 0.96-1.03 0.83
BMI (kg/m?) 1.01 0.95-1.08 0.72
HDL (mg/dl) 0.97 0.95-0.99 <0.05
LDL (mg/dl) 0.99 0.99-1.00 0.12
Triglycerides (mg/dl) 1.00 0.99-1.00 0.33
Hypertension 0.65 0.29-1.47 0.30

BMI, Body mass index; CI, confidence interval.

ever, triglyceride serum levels were negatively (r = —0.14;
P < 0.001) correlated with age, and homocysteine serum
concentrations were positively (r = 0.15; P < 0.001) corre-
lated with age. Furthermore, OPG serum levels tended to be
higher in hypertensive patients (6.1 = 2.4 pmol/liter) com-
pared with normotensive patients (5.8 = 2.1 pmol/liter; P =
0.32) which was due to the fact that men with arterial hy-
pertension were older than men with normal blood pressure
(62 = 8 vs. 58 = 9 yr; P < 0.001). In our cohort of men with
creatinine serum levels less than 2.0 mg/dl, OPG serum
levels were not correlated with creatinine serum levels (r =
—0.14; P = 0.757).

As analyzed by multivariate logistic regression analysis
(Table 2), OPG serum levels were independently and posi-
tively associated with the presence of CAD (P < 0.01),
whereas HDL serum levels were negatively associated with
the presence of CAD (P < 0.05). The variable diabetes mel-
litus was excluded from multivariate analysis because the
percentage of patients with diabetes was considerably lower
in men without CAD (3%) compared with men with CAD
(16-19%).

Discussion

OPG is produced by cells of the cardiovascular system,
including coronary artery smooth muscle cells and endo-
thelial cells (17, 18), and OPG represents a protective factor
for the vascular system (19), suggesting that alterations of
OPG serum levels may be associated with CAD. In our
cohort of men who underwent coronary angiography for
suspected CAD, we found OPG serum levels to be signif-
icantly higher in patients with advanced CAD. Because
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CAD has a higher prevalence in men and because OPG
serum levels are dependent on the gender (higher levels
in women) and subject to the estrogen status (20), we
evaluated OPG serum levels in men. Increased OPG serum
levels have recently been reported in postmenopausal
women with diabetes mellitus compared with postmeno-
pausal women without diabetes mellitus and were found
to be associated with increased cardiovascular mortality
(21). Consistent with this, OPG serum levels were higher
in men with diabetes mellitus compared with those with-
out diabetes mellitus. Because diabetes mellitus is one of
the major established risk factors for CAD, the number of
diabetic patients was higher in both CAD groups com-
pared with patients without CAD. However, reanalysis of
OPG serum levels for participants without diabetes mel-
litus revealed a similar positive association of OPG serum
levels with the severity of CAD, thus excluding a potential
confounding effect of diabetes mellitus. We elected to
assess OPG serum levels in age-matched groups, because
OPG serum levels increase with aging (16), which was
confirmed in our study. Moreover, we controlled for in-
creased OPG serum concentrations in patients with renal
failure (22), and therefore excluded patients with creati-
nine serum concentrations above 2.0 mg/dl in our study.

The finding that the presumed protective factor OPG is
elevated in disease has also been described for osteopo-
rosis and was interpreted as a counter-regulatory mech-
anism to protect against bone loss (20). In the vascular
system, increased OPG production may indicate endothe-
lial damage, intimal hyperplasia, smooth muscle cell hy-
pertrophy, or advanced plaque calcification (19). Al-
though the precise mechanisms remain unclear, arterial
hypertension and diabetes mellitus, both of which become
more important during aging, may enhance production or
release of OPG protein from the vascular system. Thus,
elevated serum levels of the putative protective factor
OPG may represent an insufficient compensatory mech-
anism to prevent further vascular damage. Alternatively,
inflammatory mechanisms and mediators, e.g. proinflam-
matory cytokines, may promote vascular disease and in-
crease OPG serum levels alike.

In mice, targeted deletion of the OPG gene resulted in
severe calcification of the aorta and renal arteries (10). A
more recent paper detected RANKL and OPG immuno-
reactivity in the normal vascular wall and in early ath-
erosclerotic lesions in humans, whereas OPG was ex-
pressed in advanced calcified lesions and RANKL adjacent
to calcium deposits (23). Vascular calcification, with its
reduced compliance and altered mechanical properties, is
a predisposing factor of plaque rupture (24, 25) and a
predictor of cardiovascular mortality (26). Clinically, pro-
gression of atherosclerotic calcification is associated with
bone loss in postmenopausal women (27), and osteopo-
rosis and arterial calcification frequently coincide (28),
indicating an imbalance of calcium allocation with a shift
from bone to the vascular wall, both of which may be
modulated by RANKL and OPG.

Because OPG is ubiquitously produced by a variety of
tissues and not restricted to the cardiovascular system, it
is possible that other sources may have contributed to the
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OPG serum pool and that considerable OPG concentration
gradients between the normal vascular wall and sites of
atherosclerotic lesions may exist. Another limitation of our
study is measurement of total OPG, because the detection
system used cannot discriminate between free OPG and
OPG complexed to its ligand, RANKL. Therefore, in-
creased OPG serum levels measured by this (16) and other
commercial assays (20, 21) may be due to an increase of
free OPG, an increase of RANKL-OPG complexes, or both.
Development of assays that detect specifically the free
fractions of OPG and its ligand, RANKL, will substantially
improve assessment of the RANKL-OPG system. Of note,
OPG serum levels represent a steady-state between OPG
production by various tissues and clearance or degrada-
tion. Internalization of OPG via syndecan-1 and subse-
quent lysosomal degradation has recently been described
for myeloma cells (29). However, no such mechanism has
been reported for normal bone or vascular cells. Clearly,
the clinical significance of these findings needs to be eval-
uated in more detail, because the differences of OPG serum
levels in patients with or without CAD, although statis-
tically significant, were small and do not allow individual
CAD risk assessment.

The therapeutic potential of exogenous administration of
OPG to patients with CAD remains unclear. Although OPG
administration had protective vascular effects in various an-
imal models (10-12), the ensuing serum levels were consid-
erably higher than those detected in our cohort. It will there-
fore be important to assess the mechanism(s) of how
exogenously administered OPG targets to the vascular wall.
Nonetheless, our findings provide important insights into
the concurrent mechanism of osteoporosis and vascular dis-
ease as discussed elsewhere (28). In conclusion, our data
show that OPG serum levels increase with the severity of
CAD in age-matched men and are higher in men with dia-
betes mellitus. These findings indicate that alterations of the
OPG system may contribute to the pathogenesis of human
vascular disease, although further studies are required to
determine the diagnostic and therapeutic implications in
more detail.
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