
INTRODUCTION
Dia be tes mel li tus type 2 (DM2) is widely rec og nized

se ri ous health prob lem among de vel oped and de vel op ing
coun tries and it ap pears to be re lated to the changes from
tra di tional pat terns of life to wards West ern life style. It is
rec og nized as civi li za tion dis ease, which oc cur in epi -
demic pro por tions in mod ern so cie ties. Two im por tant
ele ments con trib ute sig nifi cantly to the patho gene sis of
DM2; tis sue in su lin re sis tance and pan cre atic β cell dys -
func tion. It is be lieved that in many cases DM2 is
di ag nosed too late; when chronic com pli ca tions are al -
ready pres ent [5,19].

Vast ma jor ity of lit era ture show that dia be tes and re -
lated meta bolic dis tur bances can lead to sig nifi cant
changes in bone me tabo lism [1,3,4,20,14]. Re gard less the 
dif fer ences in bone min eral den sity in pa tients with DM2

ab nor mali ties in bone for ma tion can be seen.  De creased
qual ity of the bone as well as im paired mi cro- and mac roar -
chi tec ture to gether with sus cep ti bil ity to falls re sult ing
from the pres ence of chronic com pli ca tions leads to a greater 
in ci dence of frac tures in DM2 pa tients [3,14,10,24].

The mechanisms of bone alterations in DM2 are
complex and still poorly understood.  It depends on the
number of protective factors on bone health, such as
hyperinsulinemia, obesity, estrogens as well as factors
accelerating bone resorption (e.g. hyperglycemia) [7,21,
24]. Therefore evaluation of bone metabolism in patients
with DM2 undertaken in this study seems to be fully
justified. In the present study we focused on the following
bone markers CTx (C-terminal cross-linked telopeptide of
the alpha chain of type I collagen) and OCN (osteocalcin).
CTx levels reflect type I collagen degradation and
indirectly represents bone resorption by the osteoclasts
and loss of bone mass. OCN however is known as a highly 
specific marker of bone turnover rate and the activity of
the osteoblasts [1,9,20,24]. The aim of this study was to
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evaluate the concentrations of CTx and OCN in obese
DM2 patients and to compare it with levels obtained in
matched healthy population with normal body mass. The
second aim was to look for correlations between these
markers and selected clinical data as well as other
biochemical parameters evaluated in routine diagnostics
and monitoring of diabetes.

MATERIALS AND METHODS
Char ac ter is tics of the study and con trol groups. The

study was con ducted in 45 pa tients aged 60.7±10.3 years,
who were di ag nosed with type 2 dia be tes. The study
group con sisted of 22 women aged 63.5±11.7 years and
23 men aged 58.0±8.1 years. All pa tients were treated at
the De part ment of En do cri nol ogy of the Medi cal Uni ver -
sity of Lublin. The av er age time from the dia be tes on set
was 9.2±7.3 years.

All pa tients un der went clini cal ex ami na tion. The
preva lence of chronic com pli ca tions of the dis ease were
clini cally evalu ated. Hyper ten sion was pres ent in 87%
cases, ischemic heart dis ease in 33% and myo car dial in -
farc tion in 11% cases. Av er age BMI (body mass in dex)
was 33.2±4.9 kg/m2. Ac cord ing to WHO (World Health
Or gani za tion) cri te ria [26] 13% of pa tients were clas si fied 
as over weight (BMI 25.0-29.9 kg/m2), 78% as obese
(BMI 30.0-39.9 kg/m2) and 9% as mor bidly obese (BMI
≥40 kg/m2). Ex clu sion cri te ria were: liver and kid ney dis -
eases and neo plasms.

The con trol group con sisted of 25 healthy sub jects
aged 57.6±11.9 years with a nor mal body mass in dex (BMI 
<25 kg/m2) who re ported for the rou tine health checks to
the De part ment of Labo ra tory Di ag nos tics SPSK No. 1 in
Lublin. The con trol group con sisted of 14 women aged
57.1±12.3 and 11 men, aged 58.3±12.1 years.

All pa tients un der went meas ure ments of height and
weight us ing the cali brated equip ment. Meas ure ments
were per formed with pre ci sion of 1cm for the height and
0.1 kg for the body weight. Based on this re sults BMI was
cal cu lated ac cord ing to the for mula BMI= body weight
(kg)/body height (m2) (kg/m2) [26]. 

All pa tients con sented to the study af ter in for ma tion of
the na ture of the re search was ex plained. 

METH ODS
Morn ing (8-10 am) ve nous blood sam ples were drawn

from each sub ject af ter 8 hours or over night fast ing into
5 ml K3EDTA tubes for HbA1c de ter mi na tion and to the
clot ted tube for other bio chemi cal pa rame ters and se -
lected bone mark ers. Tubes were left to clot for about
30 min utes then cen tri fuged for 10 min utes at 2000 rpm.
Ob tained se rum was sepa rated to the eppen dorf tubes and
stored fro zen at -20°C un til as sayed.

The meas ure ments of  OCN and CTx as well as glu cose 
(GLU), to tal cho les terol (T-CH), HDL cho les terol
(HDL-CH), tri glyc erides (TG), urea, cre ati nine, para thy -
roid hor mone (PTH), gly co sy lated he mo glo bin A1c
(HbA1c) con cen tra tions were per formed in all pa tients.
Moreo ver, al anine ami no trans fe rase (ALT), as par tate
ami no trans fe rase (AST) and al ka line phos phatase (ALP)
ac tivi ties were meas ured. Bio chemi cal parame ters listed
above were de ter mined with the use of stan dard labo ra -
tory meth ods ap plied on Co bas 6000 ana lyzer (Roche,
Basel, Swit zer land) with dedi cated rea gents from the
same com pany ac cord ing to the manu fac tur er’s speci fi ca -
tion. PTH con cen tra tion in the se rum was per formed with
the use of elec tro chemi lu mi nes cence method on Co bas
e411 ana lyzer (Roche, Basel, Swit zer land) us ing ready
kits pro vided by Roche. LDL cho les terol (LDL-CH) level
was cal cu lated with use of the Frie de wald for mula:
LDL-CH= [T-CH] – [HDL-CH] – [TG/5] [8]. 

Com mer cially avail able enzyme- linked im mu no -
sorbent as say kits (ELISA) were used to de ter mine OCN
(N-MID Os teo cal cin ELISA) and CTx (Cross Laps ELISA)
se rum con cen tra tions (Nor dic Bio sci ence Di ag nos tics,
Den mark). 

The inter- assay co ef fi cient of varia tion for the N-MID
Os teo cal cin ELISA was 3.6% at a con cen tra tion of 6.8
ng/ml, 6.4% at 50.5 ng/ml, while intra- assay CV% was
3.4% at 7.0 ng/ml and 2.0% at a con cen tra tion of 21.8
ng/ml. Ana lyti cal sen si tiv ity of the as say was: 0.5 ng/ml.

The inter- assay co ef fi cient of varia tion for the Cross
Laps ELISA was 8.1% at a con cen tra tion of 0.273 ng/ml,
5.4% at 0.393 ng/ml, while intra- assay CV% was 5.4% at
0.242 ng/ml and 5.0% at a con cen tra tion of 0.375 ng/ml.
Sen si tiv ity of Cross Laps as say was 0.020 ng/ml.

Statistical analysis. All statistical analyses were
conducted with the StatSoft STATISTICA 10.0 statistical
package. All variables in study group and controls are
shown as elements of descriptive statistics (arithmetic
mean (χ), standard deviation (SD), median (Me) percentile
range (25-75%). Distribution of the variables was tested
using the Shapiro-Wilk’s test. Normally distributed
variables were compared with use Student’s t-test, and
variables with skewed distribution were compared with use
of nonparametric Mann-Whitney U test. The correlations
between variables were appropriately tested using Pearson
or Spearman tests. Statistical significance for all analyses
was set at p ≤ 0.05.

RESULTS
The bio chemi cal char ac ter is tics of the study group and

the con trols are pre sented in Table 1.
The av er age con cen tra tion of glu cose in the se rum of

DM2 pa tients was 168.4±61.6 mg/dl and was sig nifi cantly
higher (p<0.0001) than in healthy sub jects (85.2±9.3
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mg/dl). Sig nifi cantly higher levels of urea, cre ati nine, TG
(p<0.0001) and al anine ami no trans fe rase (ALT) and as -
par tate ami no trans fe rase (AST) (p<0.05) were found in
pa tients with DM2 in com pari son with healthy sub jects.
Ad di tion ally HDL cho les terol was sig nifi cantly lower
(p<0.0001) in the study group than in the con trol group.
Among the pa rame ters of lipid pro file the to tal cho les terol
and CH-LDL did not show sig nifi cant dif fer ences be -
tween DM2 pa tients and healthy con trols. Mean HbA1c
level in the study group was 8.6±2.1%.

The con cen tra tions of se lected mark ers of bone turn over 
in the study group and con trols are pre sented in Ta ble 2.

In DM2 pa tients the con cen tra tions of OCN (14.5±8.8
ng/ml) and PTH (23.9±14.5 pg/ml) were sig nifi cantly lower
(p<0.001) than in healthy sub jects (28.1±11.9 ng/ml and 
40.0±13.2 pg/ml for OCN and PTH, re spec tively). The
av er age con cen tra tion of CTx in the study group was

0.3±0.2 ng/ml and was sig nifi cantly lower (p<0.05) than
in con trols (0.5±0.2 ng/ml). There were no sig nifi cant dif -
fer ences in ALP ac tiv ity be tween DM2 pa tients and
healthy con trols.

The con cen tra tions of bio chemi cal pa rame ters and se -
lected bone turn over mark ers de pend ing on gen der in the
study group of DM2 pa tients are shown in Ta ble 3.

Sig nifi cantly higher lev els of OCN (p<0.05) and CTx
(p<0.01) were found in women than in men within the
study group. The con cen tra tion of OCN and CTx in
women was 17.4±9.9 ng/ml and 0.4±0.3 ng/ml re spec -
tively, while in men 11.8±6.7 ng/ml and 0.3±0.2 ng/ml,
re spec tively. A simi lar sta tis ti cally sig nifi cant dif fer ence
was ob served in the con cen tra tion of PTH and HDL cho les -
terol. Other bio chemi cal pa rame ters did not show sig nifi cant 
dif fer ences be tween men and women with DM2.
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Ta ble 1. Bio chemi cal char ac ter is tics of the study and the con trol group

Parameters
Study Group n=45 Control Group n= 25

χ ±SD Me 25-75% χ ±SD Me 25-75%
Glucose (mg/dl) 168.4±61.6‡ 156.0 132.0-192.0 85.2±9.3 87.0 79.0-92.0
HbA1c (%) 8.6±2.1 8.0 7.2-9.7 - - -
T-CH (mg/dl) 190.1±46.7 183.0 155.0-213.0 196.1±29.1 205.0 183.0-217.0
CH-HDL (mg/dl) 44.0±10.1‡ 43.0 37.0-49.0 57.3±13.1 57.6 50.0-63.0
CH-LDL (mg/dl) 112.9±41.9 101.8 81.4-140.0 119.6±28.3 123.4 106.2-140.4
TG (mg/dl) 191.4±91.3‡ 174.0 121.0-237.0 96.5±41.1 89.0 63.0-118.0
Urea (mg/dl) 36.4±12.9‡ 34.7 28.6-41.4 33.6±7.8 30.3 28.0-39.0
Creatinine (mg/dl) 0.9±0.2‡ 0.9 0.8-1.0 0.7±0.1 0.7 0.7-0.8
ALT (U/l) 31.9±19.2† 25.0 20.0-37.0 20.6±9.2 19.0 14.3-23.8
AST (U/l) 26.9±12.7† 23.0 20.0-29.0 21.2±5.0 20.0 18.2-23.5

n – number of sub jects 
† p<0.05 
‡ p<0.0001

Ta ble 2. Con cen tra tion of se lected bone turn over mark ers in the study and the con trol group

Parameters
Study Group n=45 Control Group n= 25

χ ±SD Me 25-75% χ ±SD Me 25-75%
OCN (ng/ml) 14.5±8.8‡ 11.8 8.8-17.1 28.1±11.9 26.3 19.4-35.4
CTx (ng/ml) 0.3±0.2† 0.3 0.2-0.5 0.5±0.2 0.4 0.3-0.5
ALP (U/l) 63.1±16.9 61.0 52.0-73.0 70.3±18.9 67.0 54.0-85.0
PTH (pg/ml) 23.9±14.5‡ 20.6 14.5-26.6 40.0±13.2 36.2 31.3-48.7

n – number of sub jects
† p<0.05
‡ p<0.001

Ta ble 3. The con cen tra tions of bio chemi cal pa rame ters and se lected bone turn over mark ers in fe male and men in the study group of
DM2 pa tients

Parameters
Study group n=45

Women n=22 Men n=23
χ ±SD Me 25-75% χ ±SD Me 25-75%

Glucose (mg/dl) 160.0±56.9 155.5 116.0-180.0 176.4±66.1 160.0 132.0-192.0
HbA1c (%) 8.5±2.4 7.9 6.8-8.7 8.7±1.8 9.0 7.3-9.8
T-CH (mg/dl) 196.2±45.3 186.0 164.0-231.0 184.2±48.3 183.0 146.0-212.0
CH-HDL (mg/dl) 47.9±11.1† 44.0 42.0-52.0 40.2±7.4 40.0 35.0-44.0
CH-LDL (mg/dl) 114.7±41.7 107.9 81.4-151.6 111.2±43.0 101.8 73.6-136.0
TG (mg/dl) 117.6±82.8 161.0 115.0-237.0 204.7±98.7 191.0 121.0-287.0
Urea (mg/dl) 37.6±15.6 36.2 26.7-42.5 35.2±9.7 33.4 29.0-38.9
Creatinine (mg/dl) 0.9±0.2 0.9 0.7-0.9 0.9±0.1 0.9 0.9-1.0
ALT (U/l) 28.5±15.7 23.0 19.0-34.0 35.1±22.0 29.0 20.0-38.0
AST (U/l) 27.0±16.1 22.0 20.0-27.0 26.8±8.7 24.0 21.0-33.0
OCN (ng/ml) 17.4±9.9† 15.2 9.9-23.4 11.8±6.7 10.4 7.8-14.8
CTx (ng/ml) 0.4±0.3‡ 0.4 0.2-0.5 0.3±0.2 0.2 0.2-0.3
ALP (U/l) 67.3±15.7 66.0 55.0-77.0 58.9±17.4 55.0 48.0-68.0
PTH (pg/ml) 30.7±17.7‡ 24.1 17.8-39.0 17.5±6.0 15.8 12.7-22.2

n – nu mer of sub jects
† p<0.05
‡ p<0.01



The cor re la tions be tween the OCN, CTx and ba sic
demo graphic and an thro pomet ric char ac ter is tics as well
as se lected bio chemi cal pa rame ters in the study group are
pre sented in Ta ble 4. 

Table 4. The correlation of OCN and CTx with the basic
demographic and anthropometric characteristics and selected
biochemical parameters in the study group

Parameters

Study group n=45
OCN (ng/ml) CTx (ng/ml)

Correlation 
coeff. r p value Correlation 

coeff. r p value

Age (years)  0.239 0.114  0.196 0.196
Body weight (kg) -0.110 0.474 -0.208 0.171
BMI (kg/m2)  0.055 0.720 -0.029 0.852
Disease duration (years) -0.001 0.995 -0.061 0.692
OCN (ng/ml) – –  0.721 0.000
CTx (ng/ml)  0.721 0.000 – –
ALP (U/l)  0.248 0.109  0.396 0.009
PTH (pg/ml)  0.426 0.003  0.413 0.005
Glucose (mg/dl) -0.216 0.155 -0.192 0.206
HbA1c (%) -0.267 0.077 -0.349 0.019
T-CH (mg/dl) -0.076 0.618 -0.099 0.520
CH-HDL (mg/dl)  0.243 0.107  0.144 0.346
CH-LDL (mg/dl) -0.038 0.804 -0.024 0.875
TG (mg/dl) -0.349 0.019 -0.302 0.044
Urea (mg/dl)  0.034 0.827  0.071 0.640
Creatinine (mg/dl)  0.012 0.940 -0.002 0.991
ALT (U/l) -0.163 0.286  0.035 0.817
AST (U/l) -0.135 0.378 -0.112 0.642

n – nu mer of sub jects
p – level of statistical significance (p<0.05)

In D2 patients OCN concentration was significantly
directly correlated with CTx (r=0.721, p=0.000) and PTH
(r=0.426, p=0.003). Additionally, there was significant
negative correlation between OCN and the TG values
(r=-0.349, p=0.019). Significant positive correlations was 
found between serum CTx and ALP values (r=0.396,
p=0.009) and PTH (r=0.413, p=0.005) and a negative
correlation between serum CTX and TG (r=-0.302,
p=0.044) as well as HbA1c (r=-0.349, p=0.019). No
significant correlations were found in the control group
between OCN and/or CTx and other biochemical
parameters evaluated in this study.

DISCUSSION
Vast of lit era ture in di cates skele tal in volve ment in pa -

tients with dia be tes mel li tus type 2. Bone al tera tions
usu ally de velop af ter many years of dia be tes, but it may
also oc cur in the early stages of the dis ease [1,4,20,24].
The en do crine and meta bolic dis tur bances in DM2 trig ger 
changes in cal cium ho meo sta sis, skele tal me tabo lism and
bone mass [14]. Dif fer ent ele ments of the skele ton can be
af fected as bones, joints and peri ar ticu lar tis sues; pri mar -
ily due to ex ces sive col la gen depo si tion in sub cu ta ne ous
and peri ar ticu lar tis sue. One of the causes may be an in -
creased vas cu lar per me abil ity, which stimu lates the
pro lif era tion of peri ar ticu lar tis sues as well as ex ces sive
ac tiv ity of vari ous growth fac tors. In dia be tes in the ex cess
of glu cose, pro teins un der goes the ad vanced non- enzymatic 
gly ca tion (AGE) which leads to an in creased crosslink ing

of col la gen which are re sis tant to col la ge nase hence re -
duc tion of col la gen turn over is ob served as well as the
ac cu mu la tion of col la gen fi bers in the tis sues. The amount 
of AGE prod ucts of bone col la gen in creases due to its im -
paired deg ra da tion in dia be tes. This acu mu la tion leads to
de creased bone strength and in crease bone fra gil ity
[11,23-25]. Wang X. et al. [25] found that a higher con -
cen tra tion of AGEs was as so ci ated with de creased
strength. Many other stud ies con firmed that dia be tes it self 
is as so ci ated with in creased risk of frac ture of the hip,
proxi mal hu merus, and foot [3,10,14,24].

Sig nifi cant ad vances in re search on bio chemical mark -
ers of bone turn over have been achieved in re cent years,
which al low the quick and non- invasive as sess ment of
bone for ma tion and re sorp tion pro cesses. The role of bone 
turn over mark ers is rec og nized in moni tor ing bone mass
changes in the course of treat ment as well in pre dic tion of
the  oc cur rence of bone frac tures, in clud ing in DM2 pa -
tients [1,4,18,24].

Among all bone turn over mark ers the con cen tra tion of
OCN is most of ten used as a marker of for ma tion, and
cross- linked te lopep tides of type I col la gen (NTx and
CTx) as a mark ers of re sorp tion [1,2,18,20,24].

In the pres ent study we dem on strated sig nifi cantly re -
duced lev els of OCN (p<0.001) and CTx (p<0.05) in the
se rum of pa tients with type 2 dia be tes in com pari son to
con trols. This re sults are con sis tent with re ports by oth ers, 
who em pha sized the role of slow bone turn over in pa tients 
with DM2 as a re sult of in suf fi cient for ma tion pro cess due
to de fects in os teo blasts matu ra tion. This re sults in re duc -
tion of mark ers os teo gene sis in se rum [1,4,10,14,20,24].
Other stud ies also sug gests that the pro cess of bone re sorp -
tion in type DM2 is nor mal [1,10] or rela tively in creased as
com pared to de creased bone for ma tion [14,20] and rarely
has been shown to be re duced [2,4,13,24], as dem on strated
in this study. The study con ducted by Oz S.G. et al. [14] has 
shown de creased bone turn over in DM2 with re duced bone
for ma tion pro cesses and in creased re sorp tion, what was ac -
com pa nied by re duced lev els of OCN and in creased
uri nary ex cre tion of mark ers of re sorp tion. Also, the study
per formed by Akin O. et al. [2] con firmed re marka bly
lower bone turn over rate in DM2 pa tients com pared to
healthy post meno pausal pa tients.

Bone turn over mark ers in the study per formed by
Trznadel- Morawska I. et al. [22] were evalu ated in re -
spect to the dy nam ics of bone changes as well as mark ers
of pre dic tion of  bone al tera tions in pa tients with DM1 and 
DM2 with dia betic foot. They found that dia bet ics pa -
tients had lower lev els of mark ers of bone for ma tion
(bone al ka line phos phatase, OCN), and ele vated lev els of
mark ers of re sorp tion (NTx) ad di tion ally to lower bone
mass. This over all in di cates the re duc tion in pro cess of
bone for ma tion and in crease in re sorp tion of in these pa -
tients. 
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Al ka line phos phatase (ALP) de spite the lack of tis sue
speci fic ity is rou tinely ana lyzed marker which re flects
bone for ma tion once liver dis eases are ruled out [18,24].
Sig nifi cant de crease in the ac tiv ity of ALP bone isoen -
zyme as well as in the to tal ALP ac tiv ity in pa tients with
DM2 has been re ported al ready by oth ers [13,14]. We also 
ob served lower ALP ac tiv ity in the DM2 group in com -
pari son to the con trol group, how ever, this dif fer ence did
not reach sta tis ti cal sig nifi cance. In our study, a posi tive
cor re la tion was ob served be tween se rum CTx and the ac -
tiv ity of ALP in pa tients with DM2. A simi lar re la tion ship 
has been dem on strated with re spect to the con cen tra tion
of OCN and CTx. It may be re lated to the main te nance of
the con stant bone mass in these pa tients. 

In our study we dem on strated sig nifi cantly lower
(p<0.001) con cen tra tions of para thy roid hor mone (PTH)
in the study group than in the con trols. In ad di tion, the
con cen tra tions of OCN and CTx in pa tients with DM2
cor re lated posi tively with se rum PTH, which proba bly re -
sults from the pre served loop be tween for ma tion and bone 
re sorp tion. PTH re cep tors act ing on os teo blasts and bone
mar row stro mal cells can in di rectly stimu late bone re -
sorp tion. It in creases the syn the sis and re lease of pro-
 receptive cy to ki nes: IL-1, IL-6 and M-CSF as well as
stimu lates the RANKL gene ex pres sion in os teo blasts and 
bone mar row stro mal cells ad di tion ally, may also in hibit
the apop to sis of os teo clasts. The de crease in PTH lev els in 
pa tients with DM2 may in flu ence whether bone mass is
main tained or in creased in these pa tients [9,24,27]. 

In our study, women with DM2 showed sig nifi cantly
higher lev els of OCN and CTx than men, which seems to
be sup ported by avail able lit era ture [2,3,14]. The in crease
in bone turn over mark ers sug gests in ten si fi ca tion of the
re sorp tion pro cesses of in crease bone turn over in women
than in men.

It seems to be that fat and mus cle mass play an im por -
tant role in de ter min ing the bone mass den sity [16]. The
pro tec tive ef fect of high BMI on bone has been proven by
De Leat C. et al. [6]. In pub lished meta- analysis of 12
stud ies in volv ing nearly 60,000 peo ple of both gen ders he
showed that the risk of proxi mal fe mur frac ture de creases
by 93% for every kg/m2 in crease in BMI. In ad di tion,
there is evi dence of a nega tive re la tion ship be tween body
weight and the ac tiv ity of os teo clasts, so wide spread
knowl edge is that obe sity pro tects against bone frac tures
[16,17]. We also showed a nega tive cor re la tion be tween
se rum CTx marker of os teo clast ac tiv ity and body weight
and BMI in pa tients with DM2, al though it was not sta tis -
ti cally sig nifi cant.

It is well known that chronic hy per gly ce mia leads to
both quan ti ta tive and quali ta tive changes in lipid pro file.
It is es ti mated that lipid dis tur bances can be found in
nearly 60-80% DM2 pa tients. Most fre quently it is athero -
genic dyslipi de mia char ac ter ized by ele vated TG, low

HDL- cholesterol lev els and the pres ence athero genic
LDL (so- called of small, dense LDL par ti cles) within
LDL sub trac tions [12]. In our study we found a sig nifi -
cantly lower (p<0.0001) HDL cho les terol as well as
sig nifi cantly higher (p<0.0001) TG lev els in pa tients with
DM2 than in healthy sub jects. In ter est ingly, we found
a s ta tis ti cally sig nifi cant in verse cor re la tion be tween the
val ues of TG and CTx (r=-0.302, p=0.044) and OCN
(r=-0.349, p=0.019). 

The mecha nism of ad verse im pact of lip ids on bone is
not yet fully un der stood hence it is dif fi cult to ex plain in -
verse cor re la tion be tween OCN and CTx lev els with TG
lev els found in this study. Plau si ble ex pla na tion of ad -
verse ef fect of oxi dized lip ids on bone would be to in hibit
os teo blast dif fer en tia tion on one hand and in crease the re -
cruit ment and dif fer en tia tion of os teo clasts on the other,
lead ing fur ther to ex ces sive bone re sorp tion and os teo po -
ro sis [15].

The role of con trol of meta bolic dis tur bances in the
main te nance of bone mass in pa tients with DM2 should be 
also em pha sized. Vast lit era ture re ports that bone dis tur -
bances are of ten ob served in pa tients with poor meta bolic
con trol. It has been shown that end prod ucts of pro tein
gly ca tion tend to hin der the func tion of os teo blasts. Pa -
tients with non- adequate com pen sa tion of DM2 as well as
type 1 dia be tes (DM1) were more prone to bone loss [4,24]. 
Oka zaki R. et al. [13] found that the res to ra tion of good
meta bolic con trol of dia be tes in hib its in the short term
loss of bone mass and leads to sta bi li za tion of bone min -
eral den sity. In the pe riod of rela tive dia be tes com pen-
sa tion it is more likely that the fac tors de pend ent on obe -
sity and fat mass pre domi nate, what fur ther stimu late
bone for ma tion. Achem lal L. et al. [1] found a ne ga tive
cor re la tion be tween se rum CTx and the level of HbA1c,
sug gest ing in creased bone turn over in pa tients with DM2
and im proved gly ce mic con trol. This study con firmed
pres ence of such re la tion ship. 

Yendt E.R. et al [28] dem on strated a di rect cor re la tion
be tween val ues of cre ati nine clear ance and the bone den -
sity and bone mass. In the pres ent study we dem on strated
sig nifi cantly higher (p<0.0001) se rum cre ati nine and urea
lev els in pa tients with DM2 than in healthy sub jects.
How ever we did not find sig nifi cant cor re lations nei ther
with CTx nor OCN con cen tra tions.

Clini cal use ful ness of bone mark ers is well docu -
mented and ac cepted by cli ni cians of many spe cial ties.
De ter mi na tion of bio chemi cal mark ers of bone turn over
may be use ful in moni tor ing the course of vari ous dis eases 
af fect ing the bone, as well as in pre dict ing the ef fects of
the treat ment. It should be high lighted that the bio chemi -
cal mark ers of bone turn over are con sid ered as risk fac tors 
for frac ture in de pend ently of bone min eral den sity. How -
ever it needs fur ther vali da tion to ac cu rately de ter mine
their prac ti cal im por tance in a va ri ety of medi cal dis ci -
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plines, in clud ing util ity in moni tor ing bone changes in
pa tients with DM2.

CONCLUSIONS
1. In obese DM2 pa tients lower con cen tra tions of OCN

and CTx are ob served in com pari son to healthy sub -
jects with nor mal body weight.

2. Higher con cen tra tions of OCN and CTx were found in
women than in men with DM2.

3. The ob served lower lev els of OCN and CTx and their
posi tive inter- correlation may sug gest over all slowed
down bone me tabo lism with re duced bone for ma tion
and bone re sorp tion in pa tients with DM2.
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