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Abstract
Background: Variety of growth factors and cytokines are involved in the process of bone turnover. Evidences are 

showing that alterations in OPG/RANK/RANKL system form the basis of many metabolic diseases. So, we evaluated 
the relationship between OPG and RANKL levels, to establish a possible relationship with other bone markers and 
coronary artery calcification. 

Methods: Patients with chronic kidney disease and patients during the first year after transplantation had coronary 
artery scan and their blood was analyzed for serum bone markers. The following serum markers were measured: 
OPG, RANKL, BAP, TRAP5b and iPTH.

Results: All measured bone markers values increased with the disease progression and return to normal values 
during the first year after transplantation. Serum values of OPG, BAP, TRAP5b and iPTH are influenced by gender, 
age and dialysis duration. There is a significant negative correlation between PTH and OPG, and positive between 
PTH, BAP and TRAP5b values. No correlation between OPG and sRANKL, or OPG/sRANKL levels with other tested 
markers was found. In multivariate analysis of CACS revealed that OPG is significantly correlated with calcification in 
entire study population. 

Conclusions: This study shows that increased bone turnover markers are present in chronic kidney disease but 
mainly depending on gender, age and dialysis duration. The effects of those factors are overridden by glucocorticoids 
effect in transplanted patients. The correlation of OPG with arterial calcification presents it as a possible calcification 
marker. 

This is the first study on bone metabolism that covered Chronic Kidney Disease (CKD) patients, both predialysed 
and hemodialysed, as well as kidney transplant recipients. Results of our study demonstrate that serum levels of 
all investigated bone markers as well as calcification of coronary arteries are increased during CKD, with highest 
measured values in HD population.
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Introduction
Kidney influences bone metabolism through maintaining calcium 

and phosphate balance, and enabling conversion of 25(OH)D3 into 
calcitriol. Impaired kidney function leads to severe change of bone 
mineralization and structure recognized as Renal Osteodistrophy 
(ROD) [1]. ROD occurs early during the course of chronic kidney 
disease and leads to increased bone fracture rate, morbidity and 
mortality [2]. Several forms of ROD are described in bone histology, 
ranging from high turnover bone disease accompanied with secondary 
hyperparathyroidism, to adynamic bone disease and osteomalacia 
with low bone turnover [3]. The prevalence of ROD subtypes depends 
on disease progression and differs in predialysed, dialysed and 
transplanted patients [4-6].

Besides histomorphometry, Parathyroid Hormone (PTH) is one of 
the major determinants of bone turnover [7,8]. PTH acts by binding 
to its receptor in target organs, mainly bone and kidney. Its role is to 
maintain adequate levels of plasma calcium by increasing synthesis of 
calcitriol, inducing osteoclast differentiation and bone resorption. In 
renal failure increased PTH acts as systemic toxin and is pathogenetic 
factor of many uremic complications. High PTH levels are related with 
high turnover bone disease, while low PTH levels relate to adynamic 
bone disease or osteomalacia. However, many manifestations of ROD 
cannot be explained exclusively by PTH excess or defect [9]. 

Bone metabolism disorder that develops during chronic renal 
failure often continues after kidney transplantation, partially owing 
its persistence to immunosuppressive therapy [10]. Pretransplant 
secondary hyperparathyroidism impacts initial posttransplant period 
and causes increased bone turnover in kidney transplant recipients 
[11,12]. In the majority of cases hyperparathyroidism improves 6 
months to several years after transplantation, although it is observed 
that 25% of patients have persistently elevated PTH one year after 
transplantation [13,14]. Osteoporosis has emerged as serious clinical 
problem in patients with transplanted kidney [15]. To commence 
suitable therapeutic strategies for bone disease it is essential to 
understand histologic bone abnormalities and their development 
within time.

Studies show that combination of iPTH with biochemical markers 
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that represent osteobalstic and osteoclastic activity will increase 
sensitivity and specificity to diagnose and monitor high, normal 
and low bone turnover. Recent years brought the discovery of new 
members of TNF receptor superfamily – OPG/RANK/RANKL system 
as regulators of bone remodeling. In bone tissue OPG is produced by 
osteoblasts and acts as decoy receptor that blocks interaction between 
RANK and its ligand RANKL. In this way reduces the number of 
active osteoclasts and increases bone volume and mineral density. 
RANKL is expressed on osteoblasts as transmembrane protein, 
but also can be found in circulation in soluble form [16]. Its actions 
stimulate osteoclasts differentiation and activation. Besides in bone, 
OPG and RANKL involvement in control of vascular and immune 
system is significant [17]. Cardiovascular disease is the leading cause 
of morbidity and mortality in chronic kidney disease patients and the 
growing evidence are linking interactions among mineral metabolism 
disorders and extraosseus calcifications [18-20]. It was shown that 
plasma osteoprotegerin is associated with mortality in hemodialysis 
patients [21].

Therefore we analyzed serum biochemical markers of bone 
metabolism and assessed their associations with vascular calcification 
during chronic kidney disease, in predialysed (CKD III and IV) 
and haemodialysed (CKDV) subjects. The same markers have been 
measured after kidney transplantation to detect possible changes 
during reestablishment of kidney-bone axis. We intended, as well, to 
examine influence of inevitable characteristics, such as gender, age and 
dialysis duration, on bone marker values. 

Subjects and Methods
Patients and baseline data

A total of 160 patients from Clinical Hospital Rijeka, Croatia were 
included in this study. Patients were separated according to renal 
function into predialysed, hemodialysed and renal recipient group. In 
predialysed group 40 subjects (20 men, 20 women, median age 72 years 
(range 40-82)) were enrolled with chronic kidney insufficiency stages 
III or IV. This group included 17 chronic glomerulonephritis, 8 chronic 
interstitial nephritis, 6 polycystic disease, 4 diabetic nephropathy and 4 
suffered from other diseases. In Hemodialysed (HD) group 90 subjects 
(45 men, 45 women, median age 64 years (range 38-89)) were enrolled. 
This group included 42 chronic glomerulonephritis, 21 chronic 
interstitial nephritis, 10 polycystic disease, 8 diabetic nephropathy and 
9 suffered from other diseases. 

 Kidney allograft recipients were enrolled at the moment of 
transplantation and followed up 6 and 12 months post transplantation. 
In further text those groups will be referred to as Tx0, Tx6 and Tx12 
group. These groups included 30 subjects (14 men, 16 women, median 
age 49 (28-67)). Prior the transplantation surgery Tx0 group patients 
were treated with hemodialysis, but were excluded from HD group. 
The reasons for excluding them from HD group were differences in 
dialysis duration, age and iPTH levels. All the patients in HD and Tx0 
groups received regular hemodialysis three times a week with total 
duration of 12 h. The mean duration of dialysis treatment was 69 and 
94 months in the HD and Tx0 groups, respectively. They received either 
high flux polysulfone HD or on-line hemodiafiltration treatments with 
bicarbonate buffered dialysate. All the dialyzed patients were receiving 
concomitant drugs as calcium carbonate (500 mg to 3 g/day) and 
calcitriol (0.25 µg). Patients in Tx6 and Tx12 groups had stable graft 
function (serum creatinine 1.5 ± 0.3 mg/dl). The immunosuppressive 
therapy included prednisone, mycophenolate mofetil and tacrolimus. 

A control group of 40 healthy individuals matched for sex and age 
was studied at the same time. Inclusion criteria for this group were 
no bone and renal diseases, no therapy with medications that affect 
normal bone formation and normal PTH levels (Table 1).

Laboratory measurements

Venous blood was drawn in the morning after overnight fast. In 
transplantation group blood samples were collected three times as 
follows, immediately prior to kidney transplantation surgery (Tx0), 
6 and 12 months after transplantation (Tx6, Tx12). The samples 
were centrifuged and sera aliquoted and stored at -80°C. No repeated 
thawing and freezing cycles occurred. 

Measurements of creatinine, total calcium, ionized calcium, 
phosphate and albumin were provided at Clinical Hospital Rijeka by 
using standard autoanalyzer (Olympus Apparatus, Rungis, France). 
Intact PTH (iPTH) was measured using IMMULITE/IMMULITE 1000 
Intact PTH (Siemens Medical Solution Diagnostics, Deerfield, USA). 
Levels of Bone Specific Alkaline Phosphatase (BAP) and TRAP5b were 
estimated with immunoassay from MetraBAP (Metra Biosystems, 
Mountain View, CA, USA). Serum OPG and sRANKL were measured 
using commercially available kit from Biomedica (Biomedica Gruppe, 
Wien, Austria).

Patients characteristics Predialysed (N=40) HD (N=90) Tx0,Tx6, Tx12 (N=30)
CaxPO4 (mmol2/l2)
total alkaline 
phosphatase (IU/ml)

5.66 ± 1.82
83.74 

(37.88-122.71)

4.38 ± 1.32
97.94 

(49.09-492.11)

4.83 ± 1.20
99.27 

(39.20-412.48)

4.60 ± 1.19
60.83 

(41.76-103.01)

4.82 ± 1.67
49.54 

(29.32-87.07)
albumin (g/dl) 3.57 ± 0.74 3.67 ± 0.32 3.44 ± 0.82 3.29 ± 0.49 3.41 ± 0.45
HDL cholesterol (mmol/l) 1.09 ± 0.21 1.43 ± 0.14 1.18 ± 0.28 1.23 ± 0.14 1.09 ± 0.09
LDL cholesterol (mmol/l) 3.14 ± 0.92 3.97 ± 1.03 3.79 ± 1.42 3.48 ± 0.79 3.77 ± 1.11

BAP (U/l) 22.54 
(10.97-55.96)

22.80 
(9.59-103.04)

12.05 
(4.79-35.08)

31.37 
(9.22-50.6)

23.99 
(15.52-78.02)

TRAP5b (U/l) 3.80 
(0.84-8.30)

4.16 
(0.87-14.51)

3.66 
(1.40-9.02)

3.24 
(1.91-10.53)

3.88 
(1.86-8.75)

OPG (pmol/l) 11.44 
(3.5-26.66)

13.88 
(4.33-26.68)

7.29 
(3.79-11.65)

5.04 
(3.48-14.20)

5.22 
(2.87-14.26)

sRANKL (pmol/l) 1.10 
(0.28-4.42)

2.83* 
(0.14-6.85)

2.12 
(0.21-5.58)

1.15 
(0.39-7.60)

0.35
 (0.11-3.22)

iPTH (pmol/l) 22.38 
(2.97-66.22)

33.85* 
(8.24-263.41)

127.42* 
(28.72-140.00)

14.11 
(2.11-47.54)

11.96 
(2.39-49.6)

Values are presented as median and range, or as average ± S.E.M. *P<0.05 comparison between all group
Table 1: Biochemical parameters and bone marker values according to the groups of our patients.
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Imaging procedure

From each studied group 20 subjects underwent a multi-row spiral 
CT (MSCT) to assess calcifications in coronary arteries. The Agatston 
scale [22] was used to interpret the results by Coronary Artery 
Calcification Score (CACS) expressed in Hounsfield Units (HU). 

Statistical analysis

Subjects were classified in to two coronary calcification groups; mild 
to moderate (CACS<400 HU) and severe to very severe calcification 
(CACS>400 HU) group. This classification is a modification of the 
one proposed by Rumberger et al. [23] who recommended dividing 
coronary artery calcification scores into four categories. For this 
study the distribution was based on the results of Raggi et al. [24] and 
Krasniak et al. [25] 

To investigate age influence on bone marker values we divided 
subjects to those younger and older than 65 years, based on previous 
findings [26]. Duration of dialysis was divided into three time groups 
(<36, 36-72 and >72 months) and bone marker values in those groups 
were examined.

All data are presented as mean, SD, median and range. Statistical 
methods included Mann-Whitney U test for unpaired data, ANOVA 
for nonparametric data and Spearman`s correlation coefficient. Data 
were analyzed using Statistica 6.0.computer software. A P value less 
than 0.05 was considered as statistically significant. 

Results 
Bone marker values in studied groups

Baseline biochemical parameters and bone marker values of studied 
groups are outlined in table 1. Results show increase in bone marker 
values with progression of chronic kidney disease. In predialysed 
and HD group all measured markers are significantly higher when 
compared to control. Predialysed and HD group have similar serum 
concentrations of BAP, TRAP5b and OPG, while significantly higher 
values of sRANKL and iPTH are obtained in HD group (P=0.004; 
0.008). Subjects in HD group have significantly higher values of 
sRANKL (P=0.022) when compared to other groups. 

During first year after transplantation OPG and sRANKL serum 
concentrations normalize and obtain values measured in controls. Six 
months after transplantation iPTH levels are significantly declined and 
same as those in control group. Unlike, in posttransplant period (Tx6 
and Tx12) BAP and TRAP5b remain elevated or even increased when 
compared to Tx0 group. Between BAP and TRAP5b values positive 
correlation was observed. Those two markers correlated positively in 
HD (r=0.673; P<0.001), in Tx0 (r=0.746; P=0.008) and in Tx12 group 
(r=0.548, P=0.012). No correlations between OPG and sRANKL were 
found in any studied group.

Influence of gender, age and dialysis duration on bone marker 
values

In overall studied population gender didn`t correlate with any 
bone marker. When separated from controls and transplantation 
group, females in predialysed and HD group presented significantly 
higher BAP (P=0.050) and TRAP5b (P≤0.001) serum levels, whereas 
OPG, sRANKL and iPTH were not gender influenced (Table 2). In 
transplantation groups studied markers were not gender influenced.

In the study subjects OPG positively correlated with age (r=0.507; 
P<0.001), while iPTH negatively correlated with age (r=-0.266; 
P=0.005) (Figures 1 and 2). After adjusting age data (as described in 
statistical analysis) TRAP5b had significantly increased values in HD 
patients older than 65 years (P=0.025). No age influence on sRANKL, 
iPTH and BAP levels pre or post transplantation was observed.

Dialysis duration positively correlated with iPTH (r=0.321, 
P=0.007). When dialysis duration was distributed into three time 
groups, BAP, TRAP5b and OPG values were significantly increased 
(P=0.036; 0.048; 0.022) in subjects dialyzed for over 72 months. 
sRANKL showed no dependance on dialysis duration (Table 3). 

Correlations between iPTH and bone markers; iPTH levels in 
studied groups 

iPTH positively correlated with BAP and TRAP5b values (r=0.346, 
P<0.001; r=0.263, P=0.026) (Figures 3 and 4) and negatively with 
OPG (r=-0.382; P=0.003). We did not find any correlation between 
sRANKL or the sRANKL/OPG ratio and iPTH levels in overall studied 
population, or when separating data by groups.

BAP(U/l) TRAP5b(U/l) OPG(pmol/l) sRANKL(pmol/l) iPTH(pmol/l)

male female male female male female male female male female

Control 15.07 12.06 2.03 1.81 4.89 4.58 0.44 0.30 7.32 8.48

Predialysed 17,67 25,71* 3,01 4,80* 11,50 12,64 1,58 0,28 25,10 15,40

HD 17,98 32,85* 3,12 5,69* 15,98 12,28 2,60 3,06 31,90 34,10

Values are presented as median and separated according to gender. *P<0.05
Table 2: Markers of bone metabolism in predialyzed, hemodialyzed patients (HD), and healthy volunteers (control).

Figure 1: Correlation analysis result between OPG serum values and age in 
entire study population (Spearman`s r-coefficient).
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We stratified patients in all studied groups according to plasma 
iPTH in lower, middle and upper tertile (<11, 11-33, >33 pmol/l). In 
pre-dialysis group 40% of subjects were within upper, 42% in middle 
and 18% in lower iPTH tertile. Similar distribution towards iPTH in 
HD patients was found, with 16% in lower, 40% in middle and 44% 
in upper tertile. In Tx0 group 53% of subjects had iPTH higher than 
33 pmol/l, and 47% were within middle iPTH tertile. In Tx6 and Tx12 
group 80% of subjects had iPTH in middle tertile, and 20% had iPTH 
lower than 11 pmol/l. Bone marker values according to iPTH are 
shown in table 4.

Coronary artery calcification

Coronary artery calcifications were observed in 86% of the patients, 
with CACS ranging from 0–7338 HU (424 median). ANOVA revealed 
significantly increased CACS values in HD group (P<0.001) (Table 5). 
In univariate analysis CACS positively correlated with OPG and BAP 
in entire studied population. No correlation was found with other 
tested parameters (Table 6). In multivariate analysis between CACS 
and before mentioned parameters only OPG remained independent 
predictor of CACS (r=0.311, P=0.028).

After adjusting CACS at cut off value of 400HU (described in 
statistical analysis) values of BAP, TRAP5b, OPG and iPTH were 
significantly increased in severe calcification group (Table 7). 

Discussion
This is the first study on bone metabolism that covered Chronic 

Kidney Disease (CKD) patients, both predialysed and hemodialysed, as 
well as kidney transplant recipients. Data about comparison of mineral 
metabolism in afore mentioned groups are limited. Results of our study 
demonstrate that serum levels of all investigated bone markers as well 

Figure 2: Correlation analysis result between iPTH serum values and age in 
entire study population (Spearman`s r-coefficient).

Figure 3: Correlation analysis results betweeen iPTH and BAP, TRAP5b 
serum values in entire study population (Spearman`s r-coefficient).

Figure 4: Correlation analysis results betweeen iPTH and BAP, TRAP5b 
serum values in entire study population (Spearman`s r-coefficient).

Dialysis duration (months)

< 36 36 - 72 >72

Patients 
number 
(percentage)

35/120(29%) 41/120(34%) 44/120(37%)

BAP (U/l) 18.51 (5.80-37.66) 24.80 (9.78-89.12) 32.65*(11.49-130.04)

TRAP5b (U/l) 2.90 (0.82-8.23) 4.08 (1.81-9.91) 5.26*(2.65-14.50)

OPG (pmol/l) 11.57 (4.30-26.67) 11.60 (6.48-26.67) 16.38*(4.51-26.67)

sRANKL 
(pmol/l) 2.56 (0.89-3.80) 2.51 (0.14-6.85) 2.85 (0.41-6.28)

iPTH (pmol/l) 23.20 (8.50-61.30) 31.70 (7.50-
186.05) 68.40*(11.30-263.00)

All values are expressed as median (range).*P<0.05
Table 3: Bone marker values according to dialysis duration.

iPTH
<11 pmol/l

iPTH
11-33 pmol/l

iPTH 
>33 pmol/l

Percentage 18% 45% 27%

BAP (U/l) 16.87 (9.78-32.10) 21.34 (9.42-67.18) 31.83*(9.59-130.24)

TRAP5b (U/l) 3.47 (1.94-5.05) 4.27 (1.78-7.12) 5.56*(0.9-9.9)

OPG (pmol/l) 14.41 (6.03-26.57) 13.05 (4.83-26.57) 13.03 (4.81-26.57)
sRANKL 
(pmol/l) 2.38 (0.14-3.50) 2.86 (0.52-5.59) 3.00 (0.23-6.28)

All values are expressed as median (range).*P<0.05
Table 4: Bone marker values according to iPTH levels in entire study population.
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as calcification of coronary arteries are increased during CKD, with 
highest measured values in HD population, which is in agreement with 
previous studies [23,27,28]. 

One of the major findings in this research is that female gender of 
the patients is determinant factor for high BAP and TRAP5b levels in 
predialysed and HD group. Gender influence on elevated BAP levels 
was firstly described in postmenopausal osteoporotic women with 
normal renal function [29]. Completion of ovarian function increases 
bone turnover due to lack of the antiresorptive effect of estrogens. 
Later, authors reported increased BAP levels in females on peritoneal 
dialysis [30]. Our investigation confirmed this finding in predialysed 
and found the same result in HD population. Available data report no 
gender influence on TRAP5b [31,32]. Our results show that women in 
predialysed and HD group have statistically increased TRAP5b values. 
Even more, if this study was performed solely on male patients, BAP 
and TRAP5b values in predialysed and HD group would be the same as 
those obtained in healthy volunteers. 

Previously BAP was presented as one of the valuable predictors of 
low and high bone turnover, especially in correlation with PTH [33]. 
Kidney Disease Outcomes Quality Initiative (KDQQI) guidelines state 
that high PTH levels are causative factor for increasing BAP levels 
and thus bone resorption. In our study 40% of patients in predialysed 
and 40% in HD group had iPTH values above 33pmol/l. High iPTH 
levels in these groups significantly correlated with BAP and TRAP5b 
values. However, when adjusted for gender, BAP and TRAP5b results, 
measured in male patients, did not correlate to iPTH values. Findings 
on serum TRAP5b have shown its significant correlation with osteoclast 
number, mineral apposition rate and estimation of the precise BMD 

change in HD patients, also histomorphometry showed that TRAP5b 
is superior to iPTH as indicator of bone resorption [34]. In study of 
Malyszko et al. [30], TRAP5b correlated significantly with iPTH and 
BAP in kidney transplant recipients and dialyzed patients [30]. 

Is it likely that elevated PTH in predialysed and HD patients did 
not directly affect serum BAP and TRAP5b values. Or if it did, was 
the proportion of this influence minor in comparison to PTH serum 
values? Another question arises from obtained results, why are BAP 
and TRAP5b levels unchanged in male subjects when compared to 
control? Is the development of ROD happening in the same manner 
in both genders? 

Most conflicting reports about circulating OPG and RANKL levels 
in CKD are published up to date. Some authors state that elevated OPG 
levels are inhibiting stimulation of osteoclastogenesis induced by PTH, 
causing peripheral resistance to PTH [35]. Others explain high OPG 
levels as compensatory mechanism that can prevent bone loss [36]. 
Both are supported by our results showing the negative correlation 
between OPG and iPTH values, also both markers correlated with age. 
The positive correlation between age and OPG was already noticed 
in healthy population and end stage renal disease [37,38]. As shown 
previously, increased age and high OPG values are associated with 
occurrence of cardiovascular diseases, which is one of the leading 
mortality causes in HD population. Results of Morena et al. [17] report 
OPG levels as independent prognostic factor for vascular damage 
[17]. Their results are in concordance with our findings that OPG is 
independent predictor of high CACS. Our results also show that OPG 
correlates with dialysis duration, which was noticed already [39,40]. 
Increased OPG level with longer dialysis duration may be related to 
hemodialysis procedure itself, since it has been reported that it is not 
removed through polysulfon hemodialysis membrane [41]. 

iPTH inhibits the synthesis of OPG and stimulates RANKL 
production in bone [42]. In the light of this evidence we compared 
values of OPG, RANKL and iPTH in different stages of renal 
insufficiency. Our results show that in HD group sRANKL and iPTH 
values were significantly higher from predialysed group, but there was 
no correlation between two markers. Previously, Luznik et al. [43] 
reported that iPTH increases bone resorption through elevated serum 
RANKL levels [43]. Other authors found sRANKL concentrations to be 
higher, lower or within normal range in HD [44,45]. Also, it is noticed 
that sRANKL levels do not describe bone mineral density well [46]. 

Knowing the biological interference of OPG and sRANKL actions, 
it is surprising to find a lack of correlation between their serum values. 
This is also a common finding in several studies, suggesting the 
importance of different mechanisms besides iPTH that are involved 
in the regulation of their synthesis. Also, when interpreting serum 
measured values it is important to consider that variety of tissues are 
expressing OPG and sRANKL [47]. 

This study also evaluated 30 transplant recipients to determine 
bone marker alterations one year after transplantation. We had the rare 
opportunity to observe dynamic changes of serum values regarding 
bone metabolism in homogenized and time controlled survey. In our 
study overactivity of iPTH observed in pre transplantation period, 
normalizes during first six months after transplantation. Despite iPTH 
normalization, elevated biochemical bone markers indicate the ongoing 
high bone turnover and increased bone resorption. This characteristic 
of bone metabolism during first post transplantation year is reported 

Control Predialysed Hemodialysed Transplantation
CACS 
(HU) 89.21 ± 32.18 876.92 ± 280.84 2195.23 ± 637.94* 215.60 ± 60.40

All values are expressed as average ± S.E.M. *P<0.001 
Table 5:  Coronary artery calcification score (CACS) in studied groups.

Parameter R P value
Age 0.228 0.175

Dialysis duration 0.235 0.256

iPTH (pmol/l) 0.251 0.192

TRAP5b (U/l) 0.162 0.384

BAP (U/l) 0.454 0.008

OPG (pmol/l) 0.467 0.011

sRANKL (pmol/l) 0.082 0.657

CaxPO4 (mmol/l) 0.080 0.681
Table 6: Correlation analysis results between coronary artery calcification 
score (CACS) and selected parameters in entire study population (Spearman`s 
r-coefficient).

Parameter
ca score

P value
<400 >400

iPTH (pmol/l) 27.08 ± 5.23 79.12 ± 14.50 0.009
TRAP5b (U/l) 2.80 ± 0.38 4.97 ± 0.44 0.002
BAP (U/l) 18.18 ± 1.43 29.28 ± 2.24 0.002
OPG (pmol/l) 5.81 ± 0.33 11.27 ± 0.92 <0.001
sRANKL (pmol/l) 2.58 ± 0.36 2.21 ± 0.32 0.524
CaxPO4 (mmol/l) 4.11 ± 0.15 4.90 ± 0.25 0.040
All values are expressed as average ± S.E.M.
Table 7: Values of studied parameters by coronary artery calcium score category.
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in many studies, and is considered as the main cause of bone loss and 
reduced bone mineral density in renal recipients [48,49]. 

In our and other studies BAP levels were increased in the first post 
transplantation year, in later period decreasing trend began [49,50]. 
Up to date there are no data on TRAP5b, OPG and sRANKL serum 
levels in first year after transplantation. In our study TRAP5b was 
elevated during first year after transplantation, and its levels correlated 
positively with serum BAP. Malysko et al. [30] reported about normal 
TRAP5b levels, but the patients enrolled in that study 1-10 years 
after transplantation [30]. Our results show that sRANKL and OPG 
values return to those measured in healthy volunteers at the end of 
the first year post transplantation. As written prior in this text, there 
is a possibility of falsely elevated OPG levels due to accumulation on 
hemodialysis, which can partially explain normalization of its levels in 
renal recipients. 

In conclusion, our results are showing the importance of gender, 
age and dialysis duration in interpretation of bone marker values. 
Female gender and older age were major contributors to increased 
serum BAP and TRAP5b values in hemodialysed group. Whether 
BAP and TRAP5b elevation is directly connected with the increase of 
iPTH remains unclear and requires further investigation. If this study 
was conducted solely on male subjects there would be no increase in 
BAP and TRAP5b serum values compared to healthy volunteers. The 
present study also confirms age dependant serum OPG increase, which 
is likely caused with age dependant iPTH decrease and thus lost of 
OPG inhibition. 
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