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ABSTRACT
Objectives: In our study, we investigated whether the undercarboxylated osteocalcin (ucOC) is an indicator
of bone turnover for patients treated with hemodialysis (HD) or peritoneal dialysis (PD). Furthermore, we have
examined the relationships between ucOC levels and other bone inidicators such as osteocalcin (OC), bone
specific alkaline phosphatase (B-ALP), calcitonin, vitamin D, intact parathyroid hormone (iPTH), calcium
(Ca), phosphate (P), magnesium (Mg) and bone mineral density (BMD). 
Methods: Study group was consisted of 24 HD, 30 PD patients and 30 control subjects. ucOC measurements
were based on precipitation of carboxylated OC with barium sulfate. After precipitation, ucOC was measured
in supernatant by ELISA. 
Results: In chronic kidney disease (CKD), increased ucOC levels were present both in HD and PD groups.
The ucOC levels in HD group were higher than those of PD group. ucOC levels in samples after HD were
lower than in samples before HD. But there is no difference between groups for ucOC% levels. We observed
that ucOC levels for CRF were higher compared to that of control group and statistically significant. ucOC
levels were positively correlated with OC, B-ALP, ALP, iPTH, P and Mg levels. There were negative and
significant correlations between ucOC levels and BMD values. ucOC has a good discrimination power for
both high and low turnover ROD groups. 
Conclusions: ucOC is a useful marker to evaluation of bone metabolism in patients undergone hemodialysis
or peritoneal dialysis in end-stage renal disease.
Keywords: Renal bone disease, hemodialysis, peritoneal dialysis, undercarboxylated osteocalcin, osteocalcin,
bone mineral density

Patients with chronic kidney disease (CKD) have a
wide spectrum of bone diseases, such as second-

ary hyperparathyroidism, osteomalacia, and adynamic
bone disease [1]. Mineral and bone metabolism disor-
ders in dialysis patients have been associated with car-

diovascular calcifications, bone fractures, increased
morbidity and mortality risks [2, 3]. Therefore, it is
important to identify bone and mineral disorders in pa-
tients with renal failure. Bone biopsies, scintigraphic
screening studies, invasive and/or expensive proce-
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dures such as a computed tomography are used after
double tetracycline labeling in the diagnosis of bone
diseases [4]. For this reason, specific biochemical
markers are needed which can be used to measure
bone metabolism in both uremic and other diseases. 
      Serum osteocalcin (OC) is a bone formation
marker, including three gamma carboxyglutamic (Gla)
residues. Vitamin K is a cofactor for OC. OC is pro-
vided to be activated by vitamin K-dependent car-
boxylation of these Gla residues. The
non-gammacarboxylated form is called undercarboxy-
lated osteocalcin (ucOC). Hydroxyapatite (HA) crys-
tals cannot bind to ucOC and these results in changes
in the bone matrix [5-7]. 
      In the patients with CKD, the relationship between
ucOC and and chronic kidney disease-mineral and
bone disorder (CKD-MBD) is not fully understood.
ucOC may play a role in the pathogenesis of bone me-
tabolism disorders that occur as a result of both vita-
min K concentration changes and
hyperparathyroidism in dialysis patients. In one study
it was founded that suboptimal vitamin K deficiency
in hemodialysis patients was associated with increased
prevalence of hyperparathyroidism and increased risk
of bone fracture. In this study, a significant inverse
correlation was found between the parathyroid hor-
mone (PTH) and vitamin K [8]. Although many bone
markers have been studied in patients with CKD, there
are not enough studies in the literature showing the re-
lation between ucOC and CKD-MBD. 
      ucOC concentration is measured indirectly by
using the binding properties of barium sulfate (BS) or
HA with osteoclastic glutamic acid residues. ucOCis
stayed in the supernatant after carboxylated OC is pre-
cipitated by BS or HA. ucOC is measured with im-
munochemistry OC analysis methods [9]. ucOC
concentration is also measured directly with ucOC
specific ELISA methods [10]. 
      The purpose of this study was to determine the re-
lationship between serum UCOC concentrations and
renal bone turnover in patients on hemodialysis (HD)
and continuous ambulatory peritoneal dialysis
(CAPD), and to determine the correlation of ucOC
concentrations with bone mineral density (BMD), OC,
alkaline phosphatase (ALP), bone-specific alkaline
phosphatase (B-ALP), intact parathyroid hormone
(iPTH), calcium (Ca), ionized calcium (iCa), magne-
sium (Mg), phosphate (P) and vitamin D [25(OH)D3)]

concentrations in patients and control samples. We
also planned to compare indirectly measured ucOC
concentrations using the binding properties of OC,
with BS. 

METHODS

Patient and Control Groups 

      The study was conducted at the Biochemistry De-
partment of Ankara Training and Research Hospital,
Ministry of Health, with the support of the Nephrology
Clinic. The study was approved by the local Ankara
Training and Research Hospital Ethics Committee
(Decision no: 2736/2009) and conducted in accor-
dance with the principles of the Declaration of
Helsinki. All patients were informed of the study and
signed written approvals. 
      The patient group included a total of 30 patients
for CAPD and 24 for HD. The control group included
30 healthy subjects free from hypertension, diabetes
mellitus, thyroid disease, liver and renal diseases,  and
any other known disease. Dialysis patients that had
any bone diseases or broken bones and diabetes mel-
litus  were excluded from the study. Demographic
properties of the patients are shown in Table 1. 
      In patients with CKD, iPTH measurement is im-
portant in the diagnosis and follow-up of ROD. Sim-
ply, ROD was classificated by iPTH results. < 100
pg/mL and > 300 pg/mL iPTH concentrations were
separated low-turnover bone disease and high-
turnover bone disease, respectively. 

Blood Samples

      Blood was collected from the HD patients before
and after dialysis, and from the CAPD patients and
control group in the morning before meals. Blood
samples were drawn into evacuated serum separator
tubes containing clot activator (SST Vacutainer®,
Becton Dickinson). All blood samples were cen-
trifuged within 30 minutes, at 1500 g (rpm) for 10
minutes. Serum samples obtained were collected into
Eppendorf tubes (Eppendorf® Safe-Lock microcen-
trifuge tubes, Turkey). The routine biochemistry
analysis and iPTH were measured within the same
day. 25(OH)D3,  OC anducOC serum samples was
stored in a deep freezer at -80 ºC until working day. 
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Laboratory tests

      Analysis of serum glucose, urea, creatine, uric
acid, ALP, B-ALP, Ca, Mg, and P were made with the
original reagents in the Olympus AU 2700 (Mishima
Olympus Co. Ltd. JAPAN). For B-ALP analysis the
method described by Mass et al. [11] was used. ALP
derived liver was measured in the supernatant after
serum B-ALP was inhibited with urea. The obtained
ALP values were subtracted from total ALP and B-
ALP was determined. Serum iPTH was measured with
the original reagents using the chemiluminescence en-
zyme immunoassay method in Advia Centaur
(Siemens Diagnostic Products Corporation, LosAnge-
les, CA, USA). 25(OH)D3 was measured by DIA
source 25OH-VIT. D3-RIA-CT reagent (DIA source
IMMUNOassays S.A., Nivelles, Belgium) with
methodin Gamma counter C12 NE 1600 (Bio DPC ,

USA). OCwas measured by ELISA method using the
osteocalcin BioSource Host-EASIA Kit (BioSource
Europe SA, Nivelles, Belgium) in the Triturus® EIA
(GRIFOLS, Los Angeles, USA) analyzer. 

Measurements of Serum Undercarboxylated Os-

teocalcin with Barium Sulphate

      50 mg BS (Sigma Chemical Co., St. Louis, Mo.)
were weighed on a precision scale. Each one was
placed in separate Eppendorf microcentrifuge (Eppen-
dorf® Safe-Lock microcentrifuge tubes, Turkey) tubes. 
      Serum samples stored at -80°C were dissolved by
leaving the mat room temperature and mixing them
using a vortex mixer. 50 mg of BS were mixed with
500 μl of serum sample. The mixtures were vortexed
and then stirred at 4°C for 30 minutes in the mixer.
The carboxyl OC was then precipitated with BS by
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centrifugation at 2000g for 15 min at 4°C. The super-
natants containing ucOC were transferred to another
tube and these samples were run on the same day.
ucOC concentrations were measured by the ELISA
method using the OC BioSource Host-EASIA Kit
(BioSource Europe SA, Nivelles, Belgium) in the Trit-
urus® EIA (GRIFOLS, Los Angeles, USA) analyzer. 
      Two separate serum pools were constructed con-
taining low and high ucOC concentrations for the
inter-day and intra-study precision of the ucOC meas-
urement methods. The total coefficient of variation
(CV) was calculated for intra-assay (n = 21) and be-
tween-days (n = 25). 
      For the recovery work, the two pools were pre-
pared at low and high ucOC concentrations for  BS.
The two pools were found to have1.87 ng/mL and
16.28 ng/mLucOC concentrations for the BS precipi-
tation method. 
      % Recovery (R) was calculated by taking the av-
erage of recovery values obtained by mixing in ratio
1High (H)/1H, 1Low (L)/1H, 1H/2L, 2H/3L, 3L/2H,
1L/3H, and 1L/2H. 

Bone Mineral Density Measurement 

      BMD measurements for the patient and control
groups were done within a week after blood samples
were received. BMD was measured by Dual Energy
X-Ray Absorbtiometry (DEXA-hologic® QDR-
4500W, Waltham, MA, USA). BMD is expressed as
grams per square centimeter. All BMD measurements
were performed in the supine position and obtained
for the lumbar spine at the L1 through L4 level and
for left hip measurement at the femur neck,
trochanteric region, Wards triangle in the patients. Re-
sults for lumbar spinal BMD were expressed as the av-
erage of L1 through L4 values. The World Health
Organization (WHO) definition was applied for osteo-
porosis (T-score ≤ −2.5 SD), osteopenia (T-score be-
tween −1.0 and −2.5 SD) and normal BMD (T-score
≥ −1.0 SD) according to the T score of the lumbar
spines (1-4.) and/or left femur neck [12]. 

Dialysis Procedure

      All patients underwent hemodialysis three times
per week for a duration of four hours a day, using a
synthetic low-flux hollow-fiber filter (polysulfone
membrane) (surface area 1.25 m2), a mean blood flow
speed of 200-300 mL/min, and a dialysate flow speed

of approximately 500 mL/min during the HD proce-
dure. For peritoneal dialysis patients, CAPD involves
four or five dwells per day of 2-2.5 liters per dwell. 

Statistical Analysis 

      Statistical analysis was performed using SPSS for
Windows v15.00 software (SPSS Inc., Chicago, IL,
USA). Descriptive data were expressed in mean (X),
standard deviation (SD), median (M), interquartile
range (IQR), while the Distribution of the groups was
evaluated using the Kolmogorov-Smirnov test. Bio-
chemical variables were not normally distributed. The
differences between the control, CAPD and HD
groups compared by Kruskal Wallis test. Bonferroni
posthoc test performed after Kruskal Wallis test. BMD
variables were normally distributed. The comparison
of BMD variables was conducted one-way ANOVA
test. Comparison of analyties concentrations of serum
collected before and after HD was made using the
Wilcoxon sing test. Correlations between ucOC and
all variables (biochemical and BMD) were assessed
by non-parametric Spearman's rank correlation test. A
p - value of < 0.05 was considered statistically signif-
icant. ROC analysis was performed to determine the
renal osteodystrophy (ROD) discrimination of ucOC
and other parameters. Cut off was made 300 pg/mL
iPTH to identify as high turnover bone ROD for ROC
analysis (n = 26). 

RESULTS

      Both ucOC concentrations in the CAPD group
were significantly higher than in the control group (p
< 0.001). There was no significant difference between
the ucOC% values in the CAPD and control groups (p
= 0.568, base on posthoc comparison) (Table 2). 
      The ucOC concentrations in the HD group were
higher than in the control group and the difference be-
tween the two groups was statistically significant (p <
0.001). There was no significant difference between
the HD and control groups in ucOC% values (p =
0.639, base on posthoc comparison). The values of
ucOC and other parameters measured in the patient
and control group are shown in Table 2. Box plot
graphs of ucOC levels in HD, CAPD and control
groups are shown in Fig. 1. 
      Pre-HD ucOC levels were higher than post-HD.
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This difference was statistically significant (p< 0.005).
Although the %UcOC levels were slightly higher in
the pre-DH, there was no significant difference be-
tween the two groups.

      There is significant strong correlation between
ucOC and ALP, B-ALP and iPTH concentrations when
all groups were combined. Table 3 are shown the cor-
relations among ucOC and other biochemical and

230 The European Research Journal   Volume 7   Issue 3   May 2021

"#$%&!<(!"1&!+2,,&%#/-24!+2&33-+-&4/*!$&/=&&4!7+>9!#45!$-2+1&:-+#%!0#,-#$%&*!#45!?@)!

0#%7&*!-4!/1&!*/75;!6,27.*!
!

*+,-)."/$'0/()

10)2)345)

6-),"/$'0/()

10)2)785)

*90/#9&)

10)2)345)

+&&)>#9N.()

!"#$"%&'(! NOW*) NOW*) NOW*) NOW*)

IBNOP!=FQ$R! '+000W#%" '+000W#%! '+00! '+000W#%!

NOP!=FQ$R! 0+2.'W! 0+.('W#%! 0+4*/! 0+./.W#%!

S:<RJP!TQR! 0+'3/! 0+/2.! 0+/.0! +*34W!

<RJP!TQR! 0+'.'! 0+('0! 0+/04! 0+*46!

/3)NU-M#"=FQ$R" :0+'.'! :0+0/2! :0+/04! :0326W!

?JEUP!@FQ$R! 0+036! 0+400W! 0+0*3! 0+46'W!

O%P!$FQAR! :0+'*3! :0+/00! :0+0.(! :0+'*.!

?O%P!$$G&QR! :0+'.4! :0+/6! :0+'2*! :0+0*(!

JP!$FQAR! 0+/(/! 0+003! 0+046! 0+(*.!

1FP!$$G&QR! 0+/'3! 0+''3! 0+/0(! 0+*6/!

R':R*P!FQB$/! :0+'4.! :0+/*'! :0+'24! :0+''3!

"#$I9EG>%&P!FQB$/! :0+'*6! :0+'0*! :0+(42! :0+*33W!

D<4)*3+5&.#.5+5*.5*3+,,-#.*A4*F*3+45#3(88&,+5*(4#?!#M#NCNOB/#R<4)*3+5&.#.5+5*.5*3+,,-#+#.58(4A#.*A4*F*3+45#3(88&,+5*(4C#:;"#

$#7(4&#'*4&8+,#)&4.*5-/#63P0#$#64)&83+87(=-,+5&)#(.5&(3+,3*4/#!"#$#%&'()*+,-.*./#012"#$#3(45*46(6.#+'76,+5(8-#

9&8*5(4&+,#)*+,-.*./#P0#$#(.5&(3+,3*4/#1Q2#$#+,I+,*4&#9%(.9%+5+.&/#:K1Q2#$#7(4&#.9&3*F*3#+,I+,*4&#9%(.9%+5+.&/#

*2E!#$#*45+35#9+8+5%-8(*)#%(8'(4&/#0+#$#3+,3*6'/#2#$#9%(.9%+5&/#;A#$#'+A4&.*6'/#Q#$#Q6'7+8#

#

!

!

"#$%&!A(!92:.#,-*24!23!?@)!0#%7&*!-4!/1&!*/75;!6,27.*(!

CD-)

1>GOH75)

*+,-),"/$'0/()

10)2)345&
6-),"/$'0/()

10)2)785&
*90/#9&)

10)2)345)

")R"&N'S)

R'! 0+.20!5!0+'4" 0+2.'!5!0+//*! '+0/!5!0+/03! T)4U44V!"#)

R/! 0+.64!5!0+/(2! 0+.**!5!0+/'4! '+0.2!5!0+/0*! T)4U44V!"#)

R(! 0+6*.!5!0+/'.! 0+.42!5!0+/*3! '+'/'!5!0+/0/! T)4U44V!"#)

R*) 0+643!5!0+'6/! 0+.22!5!0+/'*! '+'/3!5!0+'64! T)4U44V!"#)

R':R*) 0+6((!5!0+'2*! 0+.*4!5!0+/'/! '+'04!5!0+/'3! T)4U44V!"#)

"#$I9!=#BX!)FQB$&-! 0+2(*!5!0+''." 0+4*4!5!0+''4! 0+6'6!5!0+'3/! T)4U44V!"#"$)

E9GBC%=>#9?B!9#F?G=) 0+362!5!0+''6! 0+3'.!5!0+'(2! 0+22*!5!0+'34! T)4U44V!"#)

Y%9A;!E9?%=F&#!)FQB$&-) 0+43'!5!0+'((! 0+3(3!5!0+/0(! 0+2(.!5!0+'*4! T)4U44V!"#)

"#$I9!EG>%&) 0+.(3!5!0+'(4" 0+206!5!0+'22" 0+6.6!5!0+'36! T)4U44V!"#)

>+,6&.#+8&#98&.&45&)#+.#'&+4S.5+4)+85#)&L*+5*(4C#D(4&K#G+-#1TP>1#5&.5##!0('9+8*.(4#7&5G&&4#3(458(,#+4)#012"/#
"0('9+8*.(4# 7&5G&&4# 3(458(,# +4)#!"/# #0('9+8*.(4# 7&5G&&4# 28&K!"# +4)# 012"# E%&# .+'&# ,&55&8.# ?+/7B# *4)*3+5&#

.*A4*F*3+45#)*FF&8&43&.#7&5G&&4#A8(69.#7+.&#(4#U3%&FF&#'6,5*9,&#3('9+8*.(4C#!KL+,6&#M#NCNO#*.##.5+5*.5*3+,,-#.*A4*F*3+45C#

:;"#$#7(4&#'*4&8+,#)&4.*5-/#Q#$#Q6'7+8!



Eur Res J 2021;7(3):225-234 Alpdemir et al

BMD variables. 
      When compared to the control groups, BMD val-
ues were found to be statistically and significantly-
higher than in both the HD andCAPD groups. The
BMD values are shown in Table 4. 
      Patients were classified according to iPTH con-
centrations (n = 84) to identify high turnover ROD.
Patients with iPTH > 300 pg/mL were identified as
high turnover bone ROD (n = 26). Cut off was made
300 pg/mL iPTH for ROC analysis. The area under
curve (AUC) values of the ROC analysis of the vari-
ables is shown in Table 5. 
      Precision results in our study were as follows:
variation coefficients (CV) of intra- assays for ucOC
were 9.1% for 1.86 ng/mL and 5.11% for 16.13

ng/mL; between-days for CVwere 10.32% for 1.86
ng/mL and 5.16% for 16.13 ng/mL. The average %R
was 94% for BS. The % recovery values are shown in
Table 6.

DISCUSSION

      In our study, we aimed to determine the relation-
ship between serum ucOC concentrations and renal
bone turnovers in hemodialysis and peritoneal dialysis
patients. It is also comparable to indirectly measured
ucOC concentrations by taking advantage of the BS
and HA binding properties of OC. In our study, it was
determined that uCOC concentrations were high in pa-
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tients with CKD than those in the healthy control
groups. Also, the ucOC concentrations in the HD
group were higher than in the CAPD group. ucOC
showed a good correlation with other bone formation
markers ALP, B-ALP and iPTH. When iPTH with a
value > 300 pg/mL was taken as a cut-off, ucOC con-
centrations for determining high-turnover ROD had a
better value than other measured bone markers. 
      The relationship between ucOC and patients with
CKD is not fully understood. In a study carried out by
Kohmeier et al. [13], the role of ucOC in bone metab-
olism, the relationship between ucOCand vitamin K,
the old fracture bone story, and the risk of bone frac-
ture was investigated in patients with renal failure. In
the study, the relation between bone fracture risk and
high hyperparathyroidism prevalence with increased
ucOC concentrations due to vitamin K deficiency was
shown in HD patients. In a study carried out by Nagata
et al. [14], serum ucOC was found to be significantly
lower in pre-dialysis patients with chronic kidney dis-
ease (CKD) than in HD. In their study, there are sig-
nificant correlations between ucOC and eGFR levels
in pre-dialysis CKD patients [14]. In a the study car-
ried out by Kuzniewski et al. [15], the serum ucOC
concentrations in HD patients were significantly
higher than in healthy subjects. These studies showed
significant correlation between ucOC and iPTH. Our
study was consistent with the results of these studies.
In our study, the serum ucOC concentration was
higher in the HD group than in the healthy control
group. There was also a significant correlation be-
tween ucOC and OC, B-ALP and ALP concentrations
in the HD group. When all study groups were com-
bined, there was significant correlation between ucOC
and iPTH concentrations. Increasing iPTH concentra-
tions in patients with CKD may have a positive effect
on ucOC concentrations. Or conversely, ucOC eleva-
tion may be contributing to PTH elevation. 
      When we investigated ucOC concentrations in a
CAPD patients group, the subclinical vitamin K defi-
ciency and resulting changes in ucOC concentrations
due to K vitamin status was studied [16]. In their
study, the cut off for ucOC% ratio was described to be
> 20% in ROC analysis for determine high turnover
ROD according for iPTH (> 300 pg/mL) concentra-
tions. This study showed positive correlation between
phosphate, iPTH and ucOC%. In another in a study,
theucOC/OC ratio was significantly higher in HD than

in pre-dialysis patients with CKD [14]. In our study
there wasn’t a significantly different ucOC% when all
the groups were compared. 
      There are many factors thatcan affect bone metab-
olism in patients with CKD. High PTH concentrations,
hypocalcemia, hyperphosphatemia, low vitamin D and
many uremic toxins affect bone formation and destruc-
tion. There is therefore a marked increase in the mark-
ers of bone formation and destruction. In our study,
ucOC concentration was high in patient groups. How-
ever, the lack of statistical difference between ucOC%
values suggests that not only UCOC but also OC con-
centrations are increased in HD and CAPD patients. 
      In our study, we measured ucOC before and after
HD to investigate the effect of dialysis process on
ucOC. Pre-HD ucOC levels were higher than post-
HD. This difference was statistically significant (p <
0.005). Although the %ucOC levels were slightly
higher in the pre-DH, there was no significant differ-
ence between the two groups. According to this result,
there is a decrease in ucOC concentrations due to the
dialysis procedure. There is no information on the ef-
fect of dialysis in the literature search. Our prediction
may be loss of ucOC or an increase in OC fragment
due to dialysis. 
      OC is normally a molecule that undergoes rapid
glomerular filtration. Increase in OC concentration is
expected in renal failure. In uremic patients, osteoblas-
tic activity is increased due to hyperparathyroidism,
and consequently, OC is increased. It is indicated that
different fragments of osteocalcin are released from
bone tissue in renal failure [17]. Furthermore, different
OC fragments occur due to proteolytic degradation of
the OC molecule in the plasma. In CRF patients, 26%
of total OC has been shown to be intact OC. The re-
maining 74% are reported to be composed of N-ter-
minal, mid-region, mid-region C-terminal and
C-terminal regions, which are mainly OC fragments.
In the measurement of osteocalcin, these fragments
may also contribute to high outcome [18]. In addition,
the epitopes used in antibody production for OC meas-
urements are important. In our study, the OC reagent
used for detecting intact OC. This reagent used devel-
ops monoclonal antibodies against different epitopes
of the molecule. The regions of these epitopes were
not specified in the prospectus of the OC reagent.Thus,
the ELISA reagent used for OC may have been meas-
uring fragments that were outside the "intact" mole-
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cule in patients with CKD. This explains why ucOC%
does not differ between groups. If the different frag-
ments of OC are measured, the increase in ucOC in
the patient groups will not reflect the increase in
ucOC%. 
      In patients with CKD, secondary hyperparathy-
roidism is associated with the development of ROD
and iPTH measurement is important in the diagnosis
and follow-up of ROD < 100 pg/mL and > 300 pg/mL
iPTH concentrations suggest low-turnover bone dis-
easeand high-turnover bone disease, respectively [18].
In our study, iPTH concentrations were found to be >
300 pg/mL in 22 patients, 100-300 pg/mL in 22 pa-
tients and <100 pg/mL in 5 patients. When iPTH with
a value > 300 pg/mL was taken as a cut-off, ucOC con-
centrations when determining high-turnover ROD ac-
cording to PTH results had a better value than other
measured bone markers. However, ROD is the gold
standard of bone biopsy in diagnosis and typing.
Therefore, evaluation based on bone biopsy is neces-
sary. There is insufficient information in literature to
determine the relationship between ROD and ucOC,
which is the basis of bone biopsy. Therefore, further
work is needed to determine the relationship between
ROD and ucOC. 

Relationship between BMD values and bone mark-

ers in CKD 

      DEXA is a cheap, rapid and non-invasive tech-
nique for determining osteopenia. Although the value
of BMD is low in determining the ROD type, it is used
to show the bone mineral status of patients with CKD.
It is known that kidney disease is a well-established
risk factor for many changes in bone mineral metabo-
lism and development of osteoporosis [19]. In our
study, the prevalence of osteopenia and osteoporosis
in the CKD subjects was 73 % and 20%, respectively.
In a study by Rix et al. [20], BMD and biochemical
bone markers were measured in patients with CKD.
In this study, the BMD values of the patient group
were found to be significantly lower than in the control
group. In our study, the BMD values of CKD patients
were statistically significantly lower compared to the
control group. There is no study showing the relation-
ship between BMD and ucOC concentration in pa-
tients with CKD. In other studies [22-24], there was a
negative correlation between ucOC concentration and
BMD. Similar to these studies in our study, a strong

negative correlation was found between ucOC con-
centrations and BMD values in all patients and control
groups.

CONCLUSION

      ucOC concentrations in the CKD group were
higher than those in the healthy control groups. Also,
the ucOC concentrations in the HD group were higher
than in the CAPD group. HD affects ucOC concentra-
tions. ucOC% levels, unexpectedly, did not differ be-
tween groups. This may be due to the increased
number of OC fragments in the serum of the CKD pa-
tients. ucOC showed a good correlation with other
bone formation markers ALP, B-ALP and iPTH. This
suggests that ucOC may be a good bone marker in
CRF. ucOC also showed a good discrimination in high
and low alternating ROD groups compared to iPTH
cut-off concentrations. 
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