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Abstract:  The utility of biochemical markers of bone metabolism has not been proven 
in the diagnosis of metabolic diseases of the bone tissue; however they are widely used 
as a tools for treatment monitoring. Their serum concentrations are influenced by a 
number of factors, like gender, health status, anthropometric and environmental factors. 
All the factors listed above should be taken into consideration during clinical use. The 
aim of the study was to determine the reference values and evaluate the influence of 
environmental and anthropometric variables on biochemical markers of bone turnover 
for women from Lublin Region (Poland). Subjects of the study were 188 normal women 
aged 30-79, all residents of Lublin Region. Analysed markers of bone turnover were: 
osteocalcin (OC) and C-terminal cross-linking telopeptide of type I collagen (CTX-I), 
both assessed using ELISA method. All blood samples were taken and analyzed at the 
Clinical Chem. Laboratory and Patho-morphology Department at the Institute of 
Agricultural Medicine in Lublin. The lumbar spine (L2-L4) of all subjects was examined 
in a-p position using the dual X-ray absorptiometry-DXA (DPX-A LUNAR Corp.) at 
the Department of Metabolic and Degenerative Diseases of Bone Tissue of Institute of 
Agricultural Medicine in Lublin. Data pertaining to factors affecting bone tissue were 
collected using a specially prepared questionnaire. Serum levels of OC and CTX-I in 
women in every age range were different, generally increasing with age. Serum levels 
of OC and CTX-I in the analysed population strongly depended of both menopausal 
status and bone mineral density. In conclusion, this study demonstrates that age and 
menopausal status variations need to be considered when interpreting laboratory 
measurements of biochemical markers of bone metabolism.  
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INTRODUCTION 

 
Biochemical markers of bone metabolism are tools of 

great importance in understanding the pathophysiologic 
basis for bone metabolic diseases. In recent years, a panel 
of new, simple to use kits for determining bone markers 
became available for the diagnosis and treatment 
monitoring of osteoporosis and other metabolic diseases 

of bone tissue. Determination of protein fragments produced 
by osteoblasts like osteocalcin (OC) or enzymes excreted 
during osteogenesis such as bone alkaline phosphatase 
(bone ALP), are commonly used to asses osteoblastic 
activity. On the other hand, one of the most valuable 
assessments for osteoclastic activity is the measurement 
of degradation products of collagen type I, such as C- or 
N-cross-linked telopeptides of collagen type I [4, 36].  
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In women, serum concentrations of bone markers 
during the period of adult life are at low levels when 
compared with their levels during childhood and puberty, 
when higher values of bone formation markers are 
noticeable [5, 30, 33]. Both pregnancy and lactation 
accelerate bone turnover, mainly by a rise of bone 
resorption [3, 40]. Most biochemical markers of bone 
metabolism reveal a linear increase with age, with high 
acceleration after menopause. Markers have been studied 
most intensively in postmenopausal women, based on 
their usefulness as a tool for monitoring response to 
different osteoporosis therapies including HRT, bispho-
sphonates, SERMS, and Calcitonin. Most recently, bone 
turnover markers have been studied for their ability to 
predict bone loss rates [2, 7, 11, 14, 21, 24, 25, 34, 39, 
42]. There are also data indicating their usefulness in 
detecting and monitoring several diseases affecting bone 
tissue, eg. rheumatological diseases, Paget disease, renal 
osteodystrophy, bone metastases [6, 8, 16, 29]. Interpre-
tation of the markers concentrations must take into 
account methodological and seasonal differences as well 
as biological differences such as gender, age, race and 
ethnicity. Wide clinical use of osteocalcin (OC) and 
especially - C-terminal cross-linked telopeptide of collagen 
type 1 (CTX-I) needs validation with special emphasis on 
establishing normal values, based on measurements in 
representative groups of healthy subjects. There are few 
studies that clarify the characteristics of bone turnover in 
healthy women. However, racial, ethnic, anthropometrical, 
seasonal differences in bone turnover have been clearly 
defined for some populations, although there is a lack of 
information in the literature on serum values of OC, and 
CTX-I in Polish subjects [15, 17, 21, 23].  

Our primary objective was to investigate biochemical 
markers of bone turnover in relation to age and 
menopausal status, and to attempt to determine the 
reference values for women from the Lublin Region 
(Poland). 

 
MATERIALS AND METHODS 

 
Lublin Region is located in central-eastern Poland. The 

economy of this region is based mostly on agriculture and 
a large proportion of the inhabitants work as farmers. 
1,200 women were drawn from the computer census at 
/XEOLQ��XUEDQ�SRSXODWLRQ��DQG�8U]
GyZ��UXUDO�SRSXODWLRQ��

Town Halls and invited by post to participate in the study. 
8U]
GyZ� GLVWULFW� ZDV� FKRVHQ� EHFDXVH� RI� LWV� W\SLFDOO\�

regional rural features. Approximately 860 volunteers 
were examined from which 202 fulfilled all study 
protocol criteria. Finally, the study population comprised 
188 healthy women from 30–79 years of age. A medical 
history was taken on each subject using a specially 
designed questionnaire to evaluate previous diseases, 
fractures, reproductive history, age at menopause, drugs 
and other factors affecting bone metabolism. Exclusion 
criteria were: history of chronic diseases affecting bone 
tissue and medication which could interfere with bone 

mass (such as bisphosphonates, calcitonin, anabolic 
steroids, fluoride, vitamin D, corticosteroids).  

 
Biochemical markers of bone turnover. The blood 

samples were collected between 11.00 a.m. and 11.30 a.m 
after an overnight fast. All participants had routine 
laboratory evaluations, including the measurement of 
serum total calcium (Ca) and creatinine (Cr), both 
performed immediately after phlebotomy. All serum 
samples were stored at -75ºC. Serum levels of Osteocalcin 
(OC) and C-terminal cross-linking telopeptide of type I 
collagen (CTX-I) were measured using an enzyme-linked 
immunosorbent assays - N-Mid Osteocalcin One Step 
ELISA (Osteometer BioTech A/S, Denmark) for OC and 
Serum CrossLaps One Step ELISA (Osteometer BioTech 
A/S, Denmark) for CTX-I in Pathomorphology Department 
at the Institute of Agricultural Medicine. For OC intra- 
and interassay variations were 5.4–6.8%, 2.8–6.8% 
respectively, sensitivity was 0.5 ng/ml. For CTX-I intra- 
and interassay variations were 4.7–4.9% and 5.4–8.1% 
respectively, and sensitivity was 92 pM. Both assays were 
run according to the manufacturer’s directions and tested 
in duplicate on all serum samples. Serum total calcium 
(Ca) and creatinine (Cr) concentrations were measured by 
Chem. Laboratory at the Institute of Agricultural 
Medicine using standard colorimetric methods. 

 
Bone densitometry. The lumbar spine (L2-L4) of all 

subjects was examined in a-p position using the dual X-
ray absorptiometry-DXA (DPX-A, LUNAR Corp.) at the 
Densitometric Laboratory of the Institute of Agricultural 
Medicine in Lublin. Scan printouts were assessed 
independently by 2 research scientists. Spine scans with 
massive osteophytes were excluded from final data 
analysis.  

All data including medical history, serum levels of 
Osteocalcin (OC), C-terminal cross-linking telopeptide of 
type I collagen (CTX-I) bone mineral density, age, 
weight, and height were entered into a computer database 
and 188 subjects were selected according to study criteria. 

 
Statistical analysis. Statistical analysis was performed 

using regression analysis and analysis of variance with 
software Statistica 5.0. The Students test and F-test were 
used to examine the significance of differences between 
groups for non-paired data. For non-normal distribution 
GDWD� WKH� $2 test was used. Probabilities p �� ����� ZHUH�

considered significant.  
 

RESULTS 
 
We examined mean serum levels of OC and CTX-I by 

using 6 age groups, according to 5 year intervals (������

45-49, 50-54, 55-59, 60-64, �� ����� 7R� H[DPLQH� WKH�

influence of menopausal status and bone mineral density 
(BMD) on OC and CTX-I, the analyzed population was 
divided in 5 groups as follows: before menopause with 
normal BMD, before menopause with osteopenia (L2-L4 < 
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-1 SD > -2,5 SD), after menopause with normal BMD, 
after menopause with osteopenia (L2-L4 < -1 SD > -2,5 
SD), and after menopause with osteoporosis (BMD L2-L4 
��-2,5 SD).  

 
Osteocalcin (OC). Medium serum OC concentration 

for all of the analyzed population was 17.19 ng/L. Serum 
OC levels generally increased with age, being about 2-
fold higher in women aged over 65 years of age compared 
to the women under 44 years of age (Tab. 1). Mean serum 
OC levels were highest in the 60-64 and �����\HDUV�RI�DJH�

groups (mean values 24.12 and 25.82 ng/L respectively). 
The lowest mean serum OC levels were observed in 
women under 45 years of age (mean value 12.16 ng/L). 
Mean serum levels of OC in women with different 
menopausal status and BMD values are summarized in 
Table 2. The lowest mean levels of serum OC were 
observed in women before menopause with normal BMD, 
insignificantly higher in the group with osteopenia (mean 
values 13.07 ng/L and 14.78 respectively). Irrespective of 
BMD values, in women after menopause, mean serum 
levels OC were 2 fold higher compared to the women 
before menopause. In the group with normal BMD, the 
mean OC value was 20.7 ng/L, and in the osteoporotic 
group 25.8 ng/L. The highest individual OC values 
(exceeding 80 ng/L) were observed in women after 
menopause. In women before menopause, the highest 
observed individual OC values were about 30 ng/L. There 
were no statistically significant differences in serum 
levels of OC between rural and urban women in this study 
(mean values 8.9 and 8.4 ng/L respectively). 

 
C-terminal cross-linking telopeptide of type I 

collagen (CTX-I). Medium serum CTX-I concentration 
for all of the analyzed population was 3,574.9 pM. The 
mean serum CTX-I values presented in Table 1 generally 
increased with age. This trend was altered in women in 
the age range �� ��� \HDUV� RI� DJH�� LQ� ZKLFK� D� VLJQLILFDQW�
decrease of mean CTX-I levels was observed. The highest 
mean level of CTX-I was observed in the group 60-64 
years of age, and the lowest in women under 45 years of 
age (mean values 5,113.9 pM and 2,540.9 pM 
respectively). Mean serum levels of CTX-I in women 
with different menopausal status and BMD values are 
summarized in Table 2. The lowest mean levels of serum 
CTX-I were observed in women before menopause with 
normal BMD, and insignificantly higher in group with 
osteopenia (mean values 2,820.0 pM and 3,018.5 pM 
respectively). Irrespective of BMD values in women after 
menopause, mean serum levels of CTX-I were 2-fold 
higher compared to the women before menopause. Bone 
mineral density (BMD) values strongly influenced mean 
serum CTX-I levels in women after menopause. The 
following mean serum CTX-I values were observed: in 
the group with normal BMD: 3,870.6 pM, in the 
osteopenic group: 4,455 pM, and in the osteoporotic 
group: 5,502.4. The highest individual CTX-I values 
(exceeding 11,000 pM) were observed in women after 

menopause with osteopenia. In women before menopause, 
the highest observed individual OC values were about 
7,000 pM. There were no statistically significant 
differences in serum levels of CTX between rural and 
urban women in this study (mean values 1,797.9 and 
1,750.4 pM respectively). 

 
Calcium (total Ca). Medium serum total Ca concen-

tration for the analyzed population was 8.88 mg/dL. The 
influence of age and menopausal status on serum total Ca 
was not observed. In 4 subjects, serum total Ca levels 
were insignificantly below the laboratory norm (8.2-10.2 
mg/dL).  

DISCUSSION 
 
We have attempted to define the relationships between 

OC, CTX-I, age and menopausal status to clarify the 
influence of these factors on serum levels of bone 
formation and resorption markers. Not surprisingly, in our 

Table 1. Serum levels of osteocalcin (OC) and C-terminal crosslinking 
telopeptide of type I collagen (CTX-I) by age in a population-based 
random sample of 188 women from Lublin Region (Poland).  

 

 OC (ng/mL) CTX-I (pM) Age 

n Mean SD Mean SD 

���� 35 12.16 5.91 2,540.9 1,255.6 

45-49 48 15.13 6.73 2,895.0 1,378.5 

50-54 46 15.78 7.10 3,936.1 2,211.7 

55-59 38 22.01 17.07 4,178.8 2,382.0 

60-64 14 24.12 12.63 5,113.9 2,569.2 

���� 7 25.82 26.35 4,676.8 3,857.2 

Total 188 17.19 11.76 3,574.9 2,155.9 

 
Table 2. Serum levels of osteocalcin (OC) and C-terminal crosslinking 
telopeptide of type I collagen (CTX-I) by menopausal status and bone 
mineral density (BMD) in a population-based random sample of 188 
women from Lublin Region (Poland).  

 

 OC (ng/mL) CTX-I (pM) Menopausal status 
and BMD result 

n Mean SD Mean SD 

Before menopause 
andnormal BMD 

77 13.07 5.99 2,820.0 1,408.9 

Before menopause 
and BMD L2-L4 < -1 
SD > -2.5 SD* 

14 14.78 6.35 3,018.5 1,327.4 

After menopause 
and normal BMD 

53 20.70 14.07 3,870.6 1,889.3 

After menopause 
and BMD L2-L4 < -1 
SD > -2.5 SD* 

33 19.34 12.72 4,455.0 2,856.3 

After menopause 
and BMD L2-L4 ��
-2.5 SD* 

11 25.80 20.34 5,502.4 3,598.1 

 

* according to the criteria of osteopenia and osteoporosis from WHO 
Technical Study Series Geneva 1994, p. 843. 
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study of women from Lublin Region in Poland, older 
women had higher bone turnover compared with their 
younger counterparts. The progressive increase in OC and 
CTX-I mean serum concentrations with advancing age 
was noticeable in all age ranges. It should be noticed that 
positive and statistically significant correlations between 
analyzed markers were found (Tab. 3), e.g. elevated 
serum concentration of CTX-I was accompanied by 
elevated OC serum concentrations and vice versa, 
elevated serum OC concentrations were accompanied by 
elevated CTX-I. In the regression analyses, age 
consistently correlated with both of the markers of bone 
turnover. This conclusion, this not consistent with some 
previous studies where it has been suggested that bone 
loss in aging women is a result of increased bone 
resorption, rather than decreased bone formation [9, 12, 
18, 31]. Marked menopausal status differences in bone 
turnover markers were also found in the analysed 
population. Serum OC and CTX-I were elevated in the 
postmenopausal women compared with women before 
menopause. According to previous studies, menopause is 
associated with significant increase in bone turnover rate, 
as measured by the variety of formation and resorption 
markers, including OC and CTX-I measured using the 
ELISA method. [10, 32] These trends were more 
significant when analysed together with bone mineral 
status (BMD). We found negative associations between 
OC, CTX-I and bone mineral density measured by the 
DXA method at the lumbar spine. Other anthropometric 
factors, such as height, weight, BMI, did not show any 
relation in regression analysis. BMD generally decreased 
with age, accompanied by increase in bone turnover 
determined by serum levels of OC and CTX-I. With this 
being a cross-sectional study, the age-related difference in 
bone mineral status may reflect losses over time, but it 
may also be due to differences in lifestyle, nutritional 
habits, level of physical activity and other environmental 
factors. Although bone turnover does not directly depend 
on the BMD, and reports about the possibility of 
prediction of bone loss using markers are incoherent, 
some authors emphasize their usefulness in the 
determination of fast and slow bone losers [13, 43].  

The increased bone turnover in older subjects from our 
study is consistent with previous studies in White, Black 
and Chinese women [1, 26, 41, 44]. It is also consistent 
with studies conducted in both male and female subjects, 

in which women after menopause present much higher 
levels of bone markers compared with older men [27, 35, 
37]. It can also be concluded from the present study that 
bone turnover, which is significantly elevated after 
menopause, remains at a high level over the years. [19, 
20, 22, 28, 38].  

Although our analyses were performed on a limited 
sample size in the various subgroups to establish 
commonly used reference values, the data gives solid 
feedback on OC and CTX-I mean serum values in women 
from Lublin Region in Poland. It should be also 
concluded, that in any case, age and menopausal status 
variations need to be considered when interpreting 
laboratory measurements of biochemical markers of bone 
metabolism.  

In conclusion, our study demonstrates changes in bone 
turnover markers that are affected by age and menopausal 
status. Age consistently and independently correlates with 
all markers of bone turnover measured in this study. The 
menopausal status difference in bone markers concen-
trations may well reflect the physiologic pathway 
responsible for the bone mineral density (BMD) decrease 
in women after menopause.  
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