
INTRODUCTION
De spite its rigid struc ture, bone is a me tab oli cally ac -

tive tis sue, and un der goes con tinu ous re mod el ling,
con sist ing of two op pos ing pro cesses: os teo gene sis (bone
for ma tion) oc curs as a re sult of the ac tion of os teo blasts;
and os te oly sis (bone re sorp tion) which de pends on the ac -
tiv ity of os teo clasts. Both pro cesses take place through out 
life and are closely re lated un der nor mal con di tions.

The dy nam ics of these pro cesses of bone for ma tion and 
re sorp tion change at dif fer ent times dur ing the nor mal life
span. In the pe riod of rapid growth (ado les cence), bone
for ma tion is the domi nant pro cess, while dur ing the con -
soli da tion stage there is a bal ance be tween bone for ma tion 
and re sorp tion. In the in vo lu tion stage slight in crease is
usu ally seen in re mod el ling in both bone for ma tion and
re sorp tion, al though there is a ten dency for the in crease in
re sorp tion to be greater (14, 27). 

Bone me tabo lism con sists of suc ces sive pro cesses of
re sorp tion and bone for ma tion and is called bone turn over
or bone re mod el ling and is re spon si ble for the main te -
nance of con stant bone mass, good bone qual ity and

re sis tance to me chani cal forces.  The bone re mod el ling is
regu lated through the ac tion of nu mer ous fac tors, for ex am -
ple, me chani cal, the ac tion of many sys temic hormones
and lo cal me dia tors as cy to ki nes (7, 10, 20, 25).

The pur pose of bio chemi cal moni tor ing of bone me -
tabo lism is to as sess the bal ance be tween the pro cesses of
re sorp tion and for ma tion of new bone tis sue.

Over the past few years, sev eral new sub stances were
in tro duced into clini cal di ag nos tics, some of which are the 
prod ucts of os teo blasts me tabo lism and the oth ers, which
are bone deg ra da tion prod ucts. These sub stances are
known as the “bone mark ers” and are cur rently used in
rou tine clini cal practice.

For clini cal pur poses, bone mark ers are di vided into 3
cate go ries:
– bone for ma tion mark ers, which are sub stances re -

leased by os teo blasts,
– mark ers of bone re sorp tion, in clud ing sub stances,

which in di cate os teo clast ac tiv ity and in creased col la -
gen deg ra da tion pro cesses,

– mark ers of bone turn over, re leased dur ing bone re sorp -
tion and bone for ma tion.
The aim of this study was to evalu ate changes in the

con cen tra tion of se lected bone mark ers and other bio -
chemi cal pa rame ters in di cat ing bone turn over in dif fer ent
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stages of life in healthy peo ple. In par ticu lar, our at ten tion
was  fo cused on iden tifica tion of changes in the con cen -
tra tion of a sig nifi cant marker of bone turn over –
os teo cal cin (OC). 

MATERIAL AND METHODS
The study was con ducted in 80 healthy sub jects (51

women 29 men) aged 18 -77, at tend ing the pe ri odic health 
checks at the De part ment of Labo ra tory Di ag nos tics of
the Clini cal Hos pi tal No. 1 in Lublin. All sub jects sat isfy
the eli gi bil ity cri te rion speci fied as ab sence of ob vi ous
clini cal and labo ra tory signs or symp toms of any dis ease,
use of medi ca tion and drugs or stimu lants.

In or der to in ves ti gate changes in os teo cal cin con cen -
tra tions in sub jects, the study group was sub di vided by
age into 5 cate go ries: 1 group:  years, 2 group: 30-39 years,
3 group: 40-49 years, 4 group: 50-59 years, 5 group 60 years.

In all sub jects, a sin gle de ter mi na tion of to tal con cen -
tra tions of cal cium, in or ganic phos phate, os teo cal cin and
al ka line phos phatase was per formed in se rum. Blood was
col lected in the fast ing state, be tween 8.00 and 10.00 a.m.
in vol umes of 7 ml. The ob tained se rum sam ples were
stored fro zen at -20°C un til analy sis. 

For the quan ti ta tive de ter mi na tion of os teo cal cin in se -
rum en zyme im mu no as say ELISA was used (N-MID

Os teo cal cin ELISA Nor dic Bio sci ence Di ag nos tics, Den -
mark). Con cen tra tion of to tal calcium (col or imet ric method 
with o- cresolophtaleine), in or ganic phos phate (col or imet -
ric method with am mo nium mo lybdate) and al ka line
phos phatase (ki netic method at 37°C, rec om mended by
IFCC) in blood se rum were de ter mined us ing a bio chemi cal
ana lyser Co bas INTEGRA 600 (Roche Di ag nos tics). 

Sta tis ti cal analy sis of the re sults was car ried out us ing
the sta tis ti cal pack age STATISTICA 8.0 (Stat Soft com -
pany).

RESULTS
Ta ble 1 shows the re sults of de ter mi na tions of the se -

lected bio chemi cal pa rame ters and OC con cen tra tions in
the stud ied group.

Ta ble 1. De scrip tive sta tis tics of se lected bio chemi cal
pa rame ters and se rum OC in the stud ied group

Parameter x SD Me Max Min
Total Calcium
(mmol/l) 2.32 0.11 2.31 2.07   2.55

Inorganic Phosphate
(mmol/l) 1.07 0.18 1.04 0.64   1.45

Alkaline Phosphatase
(IU/l) 66.0 18.1 62.0 31.0 113.0

Osteocalcin
(ng/ml)  21.96 9.55  21.86 3.69 42.28
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Fig .1. Correlation of osteocalcin concentrations with subjects’ age and values of selected biochemical parameters in the study group



The av er age OC con cen tra tion in the study group was
21.96±9.55 ng/ml and was within the range from 3.69 to
42.28 ng/ml. 

The con cen tra tion of OC cor re lated posi tively with
plasma to tal cal cium (R = 0.44, p<0.001), in or ganic phos -
phate (R = 0.32, p<0.01) and al ka line phos phatase ac tiv ity 
(R = 0.30, p<0.01). The in verse re la tion ship was found
be tween OC con cen tra tion and age (R = -0.40, p<0.001).
The re la tion ship be tween OC lev els and the val ues of se -
lected bio chemi cal pa rame ters and age in sub jects are
shown in Ta ble 2 and on the Fig ure 1.

Ta ble 2. Cor re la tion of con cen tra tions of OC with sub jects’ age
and val ues of se lected bio chemical pa rame ters in the study group

Parameter Correlation Coefficient
(R) p

Age -0.40 0.001
Total Calcium
(mmol/l)  0.44 0.001

Inorganic phosphates
(mmol/l)  0.32 0.01  

Alkaline phosphatase
(IU/l)  0.30 0.01  

The re sults of se lected bio chemi cal pa rame ters and se -
rum OC de ter mi na tions in groups of women and men
sepa rately are shown in Ta ble 3. 

Ta ble 3. The con cen tra tion of OC and se lected bio chemi cal
pa rame ters in the stud ied groups, bro ken by gen der 

Parameters
Women Men p

x SD x SD
Total Calcium
(mmol/l)    2.30 0.10 2.35 0.11 NS

Inorganic phosphates
(mmol/l)    1.11 0.17 0.98 0.17 0.01

Alkaline phosphatase
(IU/l)   64.0 18.2 69.5 17.7 NS

Osteocalcin
(ng/ml) 23.70 8.87 18.91 10.07 0.05

We did not find any gender- related dif fer ences in ab so -
lute con cen tra tions of to tal cal cium con cen tra tion and
ALP ac tiv ity. Val ues of in or ganic phos phate con cen tra -
tions were sig nifi cantly higher (p<0.01) in the group of
women than in the group of men.

The av er age OC con cen tra tion in women was 23.70 
8.87 ng/ml and was sig nifi cantly higher (p<0.05) when
com pared with males (18.92±10.07 ng/ml) (Ta ble 3 and
Fig ure 2).

In the group of men we iden ti fied a nega tive cor re la tion 
of OC con cen tra tions with sub ject age (R = -0.64, p<0.001).
This de pend ence was not ob served in women. In both
groups di rectly pro por tional re la tion ships of OC with to -
tal cal cium con cen tra tion and al ka line phos phates ac tiv ity
were ob served. In the group of men, OC cor re lated with
the in or ganic phosphate con cen tra tion (Ta ble 4).

In the next stage of our work we in ves ti gated sub jects
(men and women) sub di vid ing them by age into 5 groups:
<30 years old, 30-39 years, 40-49 years, 50-59 years, ≥60
years (Ta ble 5, Fig ure 3). With in creas ing age in men the

av er age OC con cen tra tion was un der go ing sys tem atic re -
duc tion ob tain ing the value 13.34±7.77 ng/ml in the age
group 40-49 years (p<0.001 com pared with age be low 30) 
and re mained un changed through out fur ther stages of life. 
A simi lar re duc tion in se rum OC was found in women of
up to 50 years of age, whereas in the age group 40-49
years,  av er age os teo cal cin con cen tra tion was 11.70±5.11
ng/ml and was sig nifi cantly lower than that of the younger 
women. In con trast to men, women above 50 years of age
showed a sig nifi cant in crease in os teo cal cin as com pared
with younger women, while these lev els in women of over 
60 were 2- times higher than those found in men in equiva -
lent age group (p<0.001).

Ta ble 4. Cor re la tion of OC con cen tra tions with the se lected
bio chemi cal parameters and age in the group of men and women
sepa rately

Parameters
Women Men

Correlation
coefficient (R) p Correlation

coefficient (R) p

Age -0.20 NS -0.64 0.001
Total calcium
(mmol/l)  0.38 0.01  0.70 0.001

Inorganic phosphates
(mmol/l)  0.19 NS  0.37 0.05  

Alkaline phosphatase
(IU/l)  0.35 0.05  0.37 0.05  

Table 5. Osteocalcin concentrations in studied men and women
subdivided by age group.

Age
group

Women Men P value
N x SD N x SD

< 30 20 28.63 7.54 9 29.76 4.74 NS

30-39   7
18.36

b
5.70 1 23.91 0.00 NS

40-49   7
11.70
a,c

5.11 7
13.34

a
7.77 NS

50-59   7
23.41

d
8.80 3

14.42
b

12.94 NS

≥ 60 10
26.19
c,e

5.63 9
13.32

a
6.29 0.001

a – p<0.001– com pared with age  years
b – p<0.01 – com pared with age  years
c – p<0.05 – com pared with the age group 30-39 years
d – p<0.05 – com pared with the age group 40-49 years
e – p<0.001– com pared with the age group 40-49 years
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Fig. 2. Osteocalcin concentration in men and women



DISCUSSION
Bio chemi cal mark ers of bone turn over are frag ments

of pro te ina ceous struc tural ele ments of bone (or their deg -
ra da tion prod ucts), as well as en zymes and pro teins
re leased into the cir cu la tion dur ing meta bolic ac tiv ity of
bone form ing cells (os teo blasts) and dur ing os teo clas tic
bone re sorp tion. Their con cen tra tion meas ured in se rum
and urine is the re sult of ac tiv ity of all re mod el ling pro -
cesses tak ing place at a given time through out the whole
skele ton. De ter mi na tion of con cen tra tion of the bio chemi -
cal mark ers of bone turn over al lows the as sess ment of
bone for ma tion and re sorp tion pro cess rates. This en ables
the pre dic tion of risk of fra gil ity frac tures and bone mass
changes in the course of treat ment (5, 12, 14, 18, 19, 20, 26).

In this study, among the dif fer ent bio chemi cal pa rame -
ters re flect ing bone me tabo lism, par ticu lar at ten tion was
paid to the os teo cal cin (OC) – non- collagenous bone ma -
trix pro tein pro duced by os teo blasts. 

OC is re leased into the sys temic cir cu la tion in bone for -
ma tion as well as in bone re sorp tion pro cesses. Hence, it is 
con sid ered one of the new in di ca tors of meta bolic ac tiv ity
of os teo blasts and the bone re sorp tion pro cess (2, 9, 11,
12, 13, 21, 24, 25). 

The physio logi cal func tion of OC, at this time, is not
ex actly known. In vi tro and in vivo stud ies con ducted by
Chenu C. et al dem on strated OC role in the os teo clasts

che mo taxis, their mi gra tion and ad he sion to the sur face of 
min er al is ing bone (4) and in the regu la tion of bone turn -
over and ac ti va tion of os teo blasts (2). Re search of
Vergnaud et al. (28) sug gests that the func tion of OC is the 
ini tia tion of bone re sorp tion and main tain ing of tra be cu lar 
bone re mod el ling. 

Jilka et al. (17) showed that con cen tra tions of OC in se -
rum de pend on age, sex, meno pause status and the course
of the skele tal matu ra tion.

In chil dren, bone turn over may be 10 times greater than 
in adults be cause there are three very ac tive pro cesses at
work: bone mod el ling, re mod el ling and growth.

It has been re ported that the con cen tra tion of OC in
chil dren is high and cor re lates with the rate of growth.
Whereas in pe ri meno pausal women and in men over 60,
the con cen tra tion of OC in the se rum is ele vated (23, 25). 

Re sults of our stud ies re vealed the high est con cen tra -
tion of OC in both women and men un der 30 years of age.
In men over 40 years of age, the con cen tra tion of OC sub -
stan tially de clined and re mained con stant in sub se quent
years of life. The low est con cen tra tions of OC were found
in women be tween 40-49 years of age. In sub se quent dec -
ades of life, con cen tra tions of OC in creased sig nifi cantly.

Jance wicz P. et al. (16) who con ducted the re search in a 
group of 179 healthy women ob tained simi lar re sults.
Moreo ver, these authors showed re duc tion in se rum OC in 
women be tween 30 and 49 years of age and a sig nifi cant
in crease af ter the age of 50.
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This char ac ter is tic in crease in the OC con cen tra tion in
50-year-old women is linked to hor mo nal changes oc cur -
ring in the fe male body. The de crease of sex ster oids
se cre tion, mainly of oes tra diol in post meno pausal
women, re sults in in creased os teo clast ac tiv ity and thus
in creased bone re sorp tion. Lack of these hor mones in
vari ous forms of hy po gona dism, re sults in os teo po ro sis.
The oestrogens have im por tant im pact on bone me tabo -
lism in women. This ef fect on bone is to me di ate changes
in con cen tra tions of vari ous me dia tors act ing sys temi -
cally and lo cally, such as cal ci tonin (for which re cep tors
are lo cated on os teo clasts), in ter leukin 1 and 6, IGF
(Insulin- like growth fac tor), TNF. It makes es tro gens pro -
tec tive from bone re sorp tion through in hi bi tion of
macro phage de vel op ment and re duc tion of the pro lif era -
tion of os teo clast pre cur sors. Oes tro gens also in crease
os teo clast apop to sis, stimu late pro lif era tion and ac tiv ity
of os teo blasts. The pres ence of os teo po ro sis in peo ple
over 60 years of age there fore might be ex plained by hor -
mo nal changes (18, 19 ,20). 

The im bal ance in the meta bolic pro cesses oc cur ring in
bone is also as so ci ated with ab nor malities in plasma cal -
cium lev els (27). 

In our study group, we found a posi tive sig nifi cant cor -
re la tion be tween se rum OC con cen tra tions and the lev els
of cal cium and in or ganic phos phate. Lepage O.M. et al., (22) 
in stud ies per formed in horses, have shown the sta tis ti -
cally sig nifi cant re la tion ships be tween the con cen tra tions
of os teo cal cin and in or ganic phos phate lev els, how ever
they did not ob serve a cor re la tion be tween the OC and cal -
cium con cen tra tions. 

De spite the lack of tis sue speci fic ity, the de ter mi na tion
of al ka line phos phatase (ALP) ac tiv ity in se rum is the
most of ten used marker of bone for ma tion. ALP is an en -
zyme pres ent in many tis sues, but most of its ac tiv ity is
found to be in bone cells, liver, small in tes tine, pla centa
and leu ko cytes (9, 12, 15, 18, 19). 

Bone izoen zyme of ALP is syn the sized by os teo blasts
and re leased into the blood stream in the mid dle stage of
the bone for ma tion pro cess, i.e. dur ing matu ra tion of bone 
ma trix. It is be lieved that this en zyme plays an im por tant
role in the ini tia tion of bone min er ali za tion and af fects the
early stages of its prog ress. Bone izoen zyme of ALP is
con sid ered a marker of bone for ma tion with a high de gree
of speci fic ity, and its ad di tional valu able fea ture is the
long enzyme- molecule half- life in the blood stream (1-2
days), lead ing to a small daily varia tion in this pa rame ter
(1, 3, 8, 14, 15).  

Bone de vel op ment causes a mul ti ple (3-4 times in in -
fants and 2-3 fold in chil dren and ado les cents) in crease in
the to tal ac tiv ity of al ka line phos phatase in se rum in com -
pari son with the ref er ence ranges for adults (18, 19). In the 
se rum of the eld erly, a 2- fold in crease of ALP was found.
Ac tiv ity of this en zyme in creases in all dis eases char ac ter -

ized by in creased os teo blas tic ac tiv ity, as well as in can -
cer. In these cases, meas ure ments of to tal ALP ac tiv ity are 
re li able. How ever, in os teo po ro sis, where the os teo blast
ac tiv ity is only slightly in creased, the con tri bu tion of the
ex tra cel lu lar frac tion of ALP may be suf fi ciently sig nifi -
cant, such that the re li abil ity of the re sults may be
doubt ful.

In the pres ent study, we found the sig nifi cant posi tive
cor re la tion be tween ALP ac tiv ity and OC lev els in both
women and men. A simi larly sig nifi cant posi tive cor re la -
tion be tween ALP ac tiv ity and OC was de scribed by
Lepage O.M. et al. (22). Moreo ver Lian J.B. et al. (23) no -
ticed that changes OC con cen tra tion through out a man’s
life strik ingly re sem ble ALP ac tiv ity, with higher val ues
dur ing de vel op ment, ag ing and lower dur ing the equi lib -
rium states.

Tak ing to gether, re sults of our re search in di cate that
the OC de ter mi na tions are a valu able source of in for ma -
tion about bone for ma tion pro cesses oc cur ring in the
or gan ism. How ever, the cor rect in ter pre ta tion of the re -
sults re quires knowl edge of the OC level vari abil ity over a 
man’s life span.

CONCLUSIONS
1. In women, the mean se rum OC was sig nifi cantly

greater than those re ported in men.
2. The high est OC lev els are found in men un der the

age of 30 with a de crease in the fourth dec ade of life, when
the con cen tra tion re mains sta ble for the sub se quent years. 

3. In women of up to 40 years of age, OC con cen tra -
tions are com pa ra ble with a equiva lent group of men. The
low est con cen tra tion of OC is found in the age group 
40-49 years, with the sig nifi cant in crease in the sub se -
quent dec ades of life, what may be linked with es tro gens
status and in creased risk of os teo po ro sis.

4. In both men and women, we found a sig nifi cant cor -
re la tion of OC with the cal cium con cen tra tions and
al ka line phos phatase ac tiv ity.
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