
 

International Journal of Biomedical Laboratory Science (IJBLS) 2015 Vo1. 4, No. 1:17-22 17 

Received: February 23, 2015  Revised: June 10, 2015  Accepted: August 31, 2015 
Correspondence:  Marilena Stamouli,  31 Adramyttiou Street Nea Smirni 17121 Greece 
marilena_stamouli@yahoo.com  tel.: +30 2107261276  fax: +30 2109318875 
 
 

Original Article 

Biochemical Bone Markers in Greek Postmenopausal Women 

Marilena Stamouli1*, Antonia Mourtzikou2, Abraham Pouliakis2, Anastasios Skliris1, 
Droseri Reppa1 and Petros Karakitsos2 

1*Department of Biochemistry, Naval and Veterans Hospital, Athens, Greece  
2Department of Cytopathology, «ATTIKON» University Hospital, Athens, Greece  

 

Introduction: Osteoporosis is a public health problem affecting more than 200 million people 
worldwide, especially women. The aims of this study were: 1) to measure the serum levels of three 
bone-specific proteins: osteocalcin (OC), osteopontin (OPN) and osteoprotegerin (OPG) in Greek 
postmenopausal women and 2) to evaluate correlations between these proteins with age, total serum 
alkaline phosphatase levels (ALP), serum calcium levels (Ca) and serum C-reactive protein levels 
(CRP). 
Materials and Methods: During the study there were recruited 100 postmenopausal women, aged 
between 45 and 67 years. Samples were analyzed for ALP, Ca and CRP levels respectively on the 
Olympus AU640 fully automated analyzer and for OC, OPN and OPG with Luminex technology. 
Results: Eleven patients had high ALP levels, four patients low Ca levels, four high Ca levels and 
forty seven high CRP levels. Eighty three samples presented OC levels within normal range, four 
presented lower levels and eleven increased OC levels. Increased OPN or OPG levels were not ob-
served. 
Conclusions: The lack of estrogen in postmenopausal women prevents the absorption and utiliza-
tion of calcium and this constitutes a very important factor in the development of osteoporosis. The 
findings showed a low positive correlation of OPN with ALP, OPG with age, OPG with ALP and 
OPG with CRP. Correlations between any of the three bone-specific proteins and calcium levels 
were not observed.  These preliminary results underline the requirement for large-scale popula-
tion studies in Greek postmenopausal women in order to compare results of this population group 
with international reference ranges.  
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Introduction 

Osteoporosis is a public health problem currently 
affecting more than 200 million people worldwide [1,2]. 
It is characterized by deterioration of the bone micro-
structure, reduction of bone mineral density and suscep-

tibility to bone fractures. Lifetime risk for osteoporotic 
fractures is high, it ranges between 40% and 50% for 
women and between 13% and 22% for men [1,2]. The 
public health impact of osteoporotic fractures includes 
increased disability, diminished quality of life and mor-
tality, which lead to increased physical, social and finan-
cial consequences [1,3]. In Greece in 2010 there were 
approximately 86,000 new fragility fractures, while 
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640,000 people aged 50 years and older were affected. 
The economic burden of new and prior fractures is 680 
million € each year, while a 20% increase is expected by 
2025, due to the increased average life span [4]. Clini-
cally, osteoporosis most often results from a combination 
of postmenopausal estrogen deficiency and age-related 
bone loss [1]. Other risk factors for osteoporosis are 
smoking, low physical activity, alcohol consumption, 
genetic background, hyperparathyroidism, rheumatic 
diseases, diabetes mellitus and the chronic use of some 
medications [5,6]. According to many studies [7-14], 
20%–30% of postmenopausal women and over 50% of 
men have a second cause of osteoporosis [15]. The aims 
of the present study were 1) to measure the serum levels 
of three bone-specific proteins: osteocalcin (OC), osteo-
pontin (OPN) and osteoprotegerin (OPG) in postmeno-
pausal Greek women and 2) to evaluate correlations be-
tween these proteins with age, total serum alkaline 
phosphatase levels (ALP), serum calcium levels (Ca) 
and serum C-reactive protein levels (CRP).  

Osteocalcin (OC) is synthesized by mature osteoblasts 
in the bone and has a molecular weight of 5.8 kD. It 
constitutes approximately 15% of non-collagenous bone 
matrix proteins and its serum concentrations increase 
with age. Serum OC levels constitute a sensitive marker 
of bone production and are associated with a high bone 
turnover rate [16,17]. 

Osteopontin (OPN) is a phosphorylated glycopro-
tein with diverse biological activities mediated by multi-
ple cell-surface receptors. Interest in OPN has been fo-
cused on its roles in immunomodulation, inflammatory 
response, tissue mineralization and tissue remodeling 
[18-23]. In the bone, OPN is produced by osteoblasts, 
osteocytes, macrophages, and osteoclasts and it is a ma-
jor non-collagenous protein [24-26] . 

Osteoprotegerin (OPG) is a secreted soluble mem-
ber of the tumor necrosis factor receptor family. It is 
expressed in osteoblasts as well as in many other tissues 
including heart, kidney, liver, spleen, and bone marrow. 
It exhibits a protective role to the bone and regulates 
bone mass by inhibiting osteoclast differentiation and 
activation [17,27]. Its deficiency eventually leads to de-
crease in total bone density and a high incidence of 
fractures [28,29]. Serum OPG levels increase with age 
and are higher in postmenopausal women who have an 
increased rate of bone loss, thus supporting the hypothe-
sis of a counter-regulatory function of OPG in order to 
prevent further bone loss [30]. Correlation of OPG with 
age has also been reported by other authors [31-33]. 
Both OPG and OC are produced by the osteoblasts but 
are regulated by different mechanisms and enter differ-

ent metabolic pathways in the body. 
C-reactive protein (CRP) is a pentameric protein 

found in blood plasma, the levels of which rise in re-
sponse to inflammation. CRP is an acute phase reactant 
that increases in response to tissue damage, inflamma-
tion and infection. This so-called acute phase response 
occurs as a result of a rise in the concentration of IL-6, 
which is produced by macrophages as well as adipocytes 
in response to a wide range of acute and chronic in-
flammatory conditions such as bacterial, viral, or fungal 
infections; rheumatic and other inflammatory diseases; 
malignancy; tissue injury and necrosis. These conditions 
cause release of interleukin-6 and other cytokines that 
trigger the synthesis of CRP and fibrinogen by the liver 
[34,35]. It is a known risk factor for heart disease be-
cause heart disease is largely an inflammatory disorder. 
Osteoporosis is also inflammatory in nature and this test 
is helpful in detecting unwanted inflammation, which 
may contribute to bone health problems [36]. However, 
CRP appears to act as a surrogate for other factors di-
rectly associated with osteoporosis. Further studies are 
needed to validate these findings [28] . High serum CRP 
levels have been associated with lower BMD in women 
but it is still argued whether this association is represen-
tative of the general population [37]. 

Materials and Methods 

For the purposes of this study 100 postmenopausal 
women, aged between 45 and 67years (mean age 55.8 
years), were recruited. A control group was not included 
in this study and the reference values for each bone bio-
marker were considered as normal values.  Patients 
were recruited from the Internal Medicine Department 
(Naval and Veterans Hospital, Athens, Greece), during a 
two year period of time. The Biochemical markers (se-
rum ALP, Ca and CRP levels) were measured in the De-
partment of Biochemistry of the same hospital and se-
rum levels of bone specific proteins (OC, OPN, and 
OPG) where measured at the Department of Cytopa-
thology (“ATTIKON” University Hospital, Athens, 
Greece), experienced in Luminex technology. The study 
was approved by the local Medical Ethics Committee 
and was conformant to the ethical guidelines of the Dec-
laration of Helsinki. 

 The post menopausal status was self reported. 
Twenty of the postmenopausal cases were within the 
first 5 years after the onset of menopause and the re-
maining cases were more than 5 years after the onset of 
menopause. Participants with medical history of meta-
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bolic diseases, autoimmune diseases and nutritional dis-
orders that could affect bone metabolism were excluded. 
All blood samples were obtained between 8 and 9 a.m 
because of the circardian rhythm that present the differ-
ent bone biomarkers, according to the Evidence-Based 
Guidelines for the use of biochemical markers of bone 
turnover [38]. Venous blood samples were collected by 
venipuncture from all the subjects after 12 hours over-
night fasting and were centrifuged at 2500 rpm for 10 
minutes. These were analyzed on the day of collection 
for serum ALP, Ca and CRP levels on the Olympus 
AU640 fully automated analyzer, using the commercial 
kits P.N. 1418-0130, 1418-0200 and 1418-0520 respec-
tively, by Medicon Hellas SA. Subsequently serum sam-
ples were stored at -20°C, and then levels of OC, OPN, 
and OPG were analyzed on the same day that the sam-
ples were thawed at room temperature. Levels of OC, 
OPN and OPG, were measured using the Human Bone 
Panel-1 kit (cat3 HBN1A-41k, Millipore Corporation, 
Billerica) exploiting Luminex technology.  

The detection was made according to the manufac-
turer’s instructions. Briefly, 200μl Assay Buffer was 
added on the filter plate and the latter was put on a plate 
shaker for 10 minutes at room temperature. After vac-
uum aspiration, 25μl of assay buffer, standards, controls, 
serum matrix and samples were added into the appropri-
ate wells. 25μl of mixed beads were added and put to 
overnight (16-20 hours) incubation on a plate shaker at 
4°C. Samples were washed three times with 200 μl wash 
buffer and then 50 μl of detection antibodies solution 
were added, followed by one hour incubation. In the 
next step 50 μl of streptavidin-phycoerythrin were added 
and incubated for 30 minutes. Samples were washed 
three times and 100μl of sheath fluid was added into 
each well. The plate was analyzed on the Luminex 200 
platform. The statistical processing of our data was 
based on descriptive statistics, Pearson’s correlation co-
efficients and linear regression analysis, performed with 
the statistical package SAS 9.2 for Windows (SAS Insti-
tute Inc. Cary, NC, USA). 

Results 

In our study we observed that the ALP levels ranged 
from 37.22 to 423.40 U/L (mean 85.80 U/L; normal 
range 30.00-120.00 U/L), Ca levels ranged from 7.60 to 
11.42 mg/dl (mean 9.70 mg/dl; normal range 8.40-10.60 
mg/dl) and CRP levels ranged from 0.15 to 241.20 mg/l 
(mean 12.65 mg/l; normal range 0.01-7.00 mg/l) (see 
Table 1 for the summarized statistics of the measured 

quantities) . In 11 patients the ALP levels were high.  In 
4 patients the Ca levels were low, while in 4 patients the 
Ca levels were high. Respectively, in 47 patients the 
CRP levels were high (Figure 1).  

 
Table 1  Descriptive statistics (mean, minimum 
and maximum values) and ranges of normal val-
ues, for the measured quantities of the 100 pa-
tients involved in the study 

 Mean
Mini-

mum

Maxi-

mum 
Normal range 

OPG 6432.23 2857.13 11171.98 14000.00-64000.00 pg/ml

OC 7334.10 313.74 87708.25 1500.00-11000.00 pg/ml

OPN 10670.97 1547.75 63676.24 492.00-16560.00 pg/ml

ALP 85.80 37.22 423.40 30.00-120.00 U/L 

Ca 9.70 7.60 11.42 8.40-10.60 mg/dl 

CRP 12.65 0.15 241.20 0.01-7.00 mg/l 

 
 

 
Fig.1  Summarized presentation of the results for 
the studied population. The bars for each pa-
rameter indicate the percentage of patients that 
their relevant measurements were in range of 
normal limits, higher or lower. 

 
 
OC levels ranged from 313.74 to 87708.25 pg/ml 

(mean 7334.10 pg/ml; normal range1500.00-11000.00 
pg/ml).  In 83 patients OC levels presented within nor-
mal range, 4 patients presented lower levels and 11 pa-
tients increased OC levels (see Figure 1),  note that for 
two patients the results were lower than the limit of de-
tection of the technique, thus they are not included. 

OPN levels ranged from 1547.75 to 63676.24 
pg/ml, (mean 10670.97 pg/ml; normal range 14000.00- 
64000.00 pg/ml). Increased OPN levels were not ob-
served in any patient (Figure 1). 

OPG levels ranged from 2857.14 to 11171.99 pg/ml 
(mean 6432.23 pg/ml; normal range 492.00-16560.00 
pg/ml). Increased OPG levels were not observed in any 
patient. 
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The results of the Pearson’s correlation test showed 
a low positive correlation between OPN and ALP levels 
(r=0.215), OPG and patient age (r=0.243), OPG and 
ALP levels (r=0.281) and between OPG and CRP 
(r=0.220). Figure 2 presents the scatter plots of these 
four correlations respectively; in each image the meas-
urement pairs for each patient are presented in the x and 
y axes along with the 95% confident limits of fitted el-
lipse. High correlations are indicated by elongated ellip-
ses (such as the correlations of OPG with ALP and OPG 
with CRP) in contrast to lower correlations (such as the 
correlations of OPG with age and OPN with ALP). 
These correlations indicate that might be a linear relation 
between variable pairs, thus measurement of one vari-
able may lead to calculation of the other. Additionally 
other conclusions may be extracted: patients with higher 
age tend to have higher levels of OPG, similarly low 
levels of OPG are related to lower levels of ALP, CRP 
and OPN. Correlations between any of the three 
bone-specific proteins and calcium levels were not ob-
served, specifically the Pearson’s correlation coefficient 
between serum Ca levels and OC, OPN and OPG was: 
0.1272, -0.1486 and -0.1338 respectively (p>0.05 in all 
cases).  

 
 

Fig.2  Scatter plots representative of the correla-
tions between OPG with patient age (top left), 
OPG with ALP (top right), OPN with ALP (bottom 
left) and OPG with CRP (bottom right). In all cases 
there is observed low positive correlation (Pearson 
correlation coefficient r is in a range between 20% 
and 28%) as indicated by the non-elongated fitted 
ellipses. 

 

Discussion 

Osteoporosis constitutes a major health problem 
worldwide and is characterized by low bone mass and 
deterioration of bone structure. It is a health problem 
arising in women entering menopausal age and seriously 
affects their quality of life. Worldwide, the lifetime risk 
for women to have an osteoporotic fracture is very high 
[1,4,15]. Epidemiologic studies suggest that menopause 
and ageing are associated with accelerated loss of corti-
cal bone. The lack of estrogen in postmenopausal 
women prevents the absorption and utilization of cal-
cium and this constitutes a very important factor in the 
development of osteoporosis. Moreover, women are 
much more likely to develop osteoporosis than men, 
who do not experience a menopause equivalent condi-
tion [39]. 

The goal of our study was the measurement of se-
rum levels for three bone-specific proteins, osteocalcin 
(OC), osteopontin (OPN) and osteoprotegerin (OPG) in 
a sample of 100 postmenopausal Greek women and to 
examine the correlations between any of these proteins 
with age, ALP, Ca and CRP. 

The OC levels showed low positive correlation with 
patient age (r=0.229) and OPG (r=0.202). A positive 
correlation of OC with age has also been reported by 
other authors [40,41]. Moreover, 83 samples presented 
OC levels within normal range, 4 samples presented 
lower levels and 11 samples increased OC levels. These 
results are discordant with other studies [19,42]. This 
can be attributed to methodological differences because 
different assays detect either the intact OC molecule, 
which is unstable due to cleavage between amino acids 
43 and 44, or the resulting big fragment which is more 
stable [43,44]. Furthermore, it has been suggested that 
exist discrete groups among post-menopause women 
with similar, lower or higher OC serum concentrations 
as compared to age-matched controls [45].  

The OPN levels showed low positive correlation 
only with ALP levels (r=0.215). Moreover, our data did 
not demonstrate increased serum OPN levels in the sam-
ple under study. Previous studies have demonstrated that 
postmenopausal women with vertebral osteoporotic 
fracture show a significant increase in OPN levels com-
pared to postmenopausal women without vertebral os-
teoporotic fracture [32,33]. 

OPG showed a low positive correlation with patient 
age (r=0.243) [30-33]. We also observed a low positive 
correlation of OPG with OC (r=0.202), ALP (r=0.281) 
and CRP (r=0.221), while  many studies have shown 
increased levels of inflammatory markers, such as CRP 
and IL-6, with progressive bone loss, indicating a possi-
ble inflammatory mechanism for osteoporosis 
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[28,29,46].  
Other inflammatory markers, such as IL-6, were not 

studied due to the restricted budget provided by the de-
partments involved in the study. As a final conclusion it 
should be mentioned  the requirement for a larger scale 
study that will include the measurement of cytokines,  
such as IL-6 and TNF –α , as well as detailed demo-
graphic data, nutritional, physical exercise and life style 
habits of the population group under study. 
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