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Renal osteodystrophy is one of the important complications in children with 
end stage renal disease. Non-invasive tools for evaluation of bone metabolism 
have been proposed in recent years. The aim of this study was to investigate 
the markers of metabolic bone disease and peritoneal clearance of these 
markers in children treated with continuous ambulatory peritoneal dialysis 
(CAPD). In this study, serum osteocalcin (OC) levels were found significantly 
higher in patients (107.98±99.99 ng/ml) than in the healthy control group 
(41.94±12.94 ng/ml; p<0.05). Mean peritoneal clearance (Clp) of OC was 
0.87±0.91 ml/min. There was no correlation between serum OC and Clp-
osteocalcin. There was a positive correlation between serum phosphorus (P) 
and OC (r=0.394, p=0.031), alkaline phosphatase (ALP) and OC (r=0.520, 
p=0.003), and parathyroid hormone (PTH) and OC (r=0.441, p=0.017), 
whereas no correlation was found between OC and calcium (Ca) and OC 
and magnesium (Mg). There was also a significant correlation between 
serum ALP and PTH (r=0.714, p=0.0001). A positive correlation was found 
between serum PTH and Clp of PTH (r=0.471, p=0.009). In conclusion, 
Clp-osteocalcin is of no interest as a non-invasive marker of metabolic bone 
disease in children treated with CAPD. But significant correlation between 
serum OC and PTH, P, and ALP shows that serum OC could be used as a 
valuable non-invasive biochemical marker of metabolic bone disease.
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Renal osteodystrophy (ROD) is a significant 
problem in pediatric end stage renal disease 
(ESRD). The valuable diagnostic method of 
making a clear-cut distinction between metabolic 
bone diseases relies on the histological analysis 
of bone biopsy1. However, especially in children, 
various other non-invasive biochemical markers 
are in use. Serum osteocalcin (OC), intact 
parathormone (iPTH), alkaline phosphatase 
(ALP), calcium (Ca), phosphorus (P), and 
magnesium (Mg) have been considered as 
useful indicators of bone turnover in metabolic 
bone disease2,3. Serum levels alone of these 
biochemical markers are frequently insufficient 
to clearly distinguish different forms of ROD. 
Also, in patients on peritoneal dialysis, some of 
these markers are removed from the circulation 
through the peritoneal membrane4. Therefore, 

the aim of this study was to investigate serum 
levels and the peritoneal clearance (Clp) of 
biochemical markers of bone turnover in 
children treated with continuous ambulatory 
peritoneal dialysis (CAPD).

Material and Methods
Thirty patients with ESRD (14 boys, 16 girls; 
mean age 12.2±2.4 years) treated with CAPD 
and 12 age- and sex-matched healthy controls 
(7 boys, 5 girls; mean age 13.1±1.2 years) 
were admitted to the study. All subjects gave 
informed consent to participate in this study. 
Patients had been treated with CAPD for an 
average of 18 months (range 3-44). CAPD was 
performed by the standard technique using four 
dialysis bag exchanges per day. None of the 
patients had peritonitis episodes for at least 
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the preceding two months before the study 
periods, and no patient showed signs of liver 
disease or disorders affecting extraosseous 
collagen turnover. No patient used drugs 
known to influence peritoneal permeability. 
Studies were performed during 24-hour 
periods with patients on their usual regimen 
of CAPD. Fasting blood samples were drawn 
early in the morning. Serum and peritoneal 
Ca, creatinine, ALP, and Mg were measured 
by standard laboratory techniques. OC and 

iPTH were measured by chemiluminescence 
immunometric assays (Diagnostic Products 
Corporation, Ca, USA). Clp of OC, ALP and 
PTH was calculated using the standard formula, 
Quantitative data were expressed as mean±SD 
and results were compared by Mann-Whitney U 
test. Variables were correlated using conventional 
regression analysis.

Results

Serum OC levels were found significantly 
higher in patients (107.98±99.99 ng/ml) than 
in the control group (41.94±12.94 ng/ml; 
p<0.05). Mean Clp of OC was 0.87±0.91 
ml/min. There was no correlation between 

Table I. Serum Level and Peritoneal Clearance of Biochemical Parameters

Serum mean±SD
median (min-max)

Peritoneal clearance (ml/min)
mean±SD

median (min-max)

ALP
(IU/L)

270.13±287.67
185 (42-1095)

0.04±0.03
0.037 (0.00-0.16)

PTH
(pg/ml)

616.00±657.87
0.47 (0.01-2.50)

0.84±1.52
0.22 (0.01-6.50)

Osteocalcin
(ng/ml)

107.98±99.99
68.5 (14.70-420)

0.87±0.91
0.58 (0.05-4.27)

ALP: Alkaline phosphatase. PTH: Parathyroid hormone.

Table II. Correlations Among Markers

S-P vs S-OC r=0.394, p=0.031
S-ALP vs S-OC r=0.520, p=0.003
S-ALP vs S-PTH r=0.714, p=0.0001
S-PTH vs S-OC r=0.441, p=0.017
S-PTH vs Clp-PTH r=0.471, p=0.009

ALP: Alkaline phosphatase. S: Serum. PTH: Parathyroid 
hormone. P: Phosphorus. OC: Osteocalcin. Clp: Peritoneal 
clearance.

serum OC and Clp-osteocalcin. There was a 
positive correlation between serum P and OC 
(r=0.394, p=0.031), ALP and OC (r=0.520, 
p=0.003), and PTH and OC (r=0.441, 
p=0.017), whereas no correlation was found 
between either OC and Ca or OC and Mg. 
There was also a significant correlation between 
serum ALP and PTH (r=0.714, p=0.0001). A 
positive correlation was found between serum 
PTH and Clp of PTH (r=0.471, p=0.009). 
Results are summarized in Tables I and II.

Discussion
Bone histology remains the criterion standard for 
the diagnosis of renal osteodystrophy. Because 
it is an invasive and costly method, several new 
biochemical markers of bone turnover have 
been proposed in recent years. To date, there 
is no specific and sensitive serum biochemical 
test for monitoring bone turnover in patients 
with ESRD. The type of dialysis modality 
influences the levels of biochemical markers of 
metabolic bone disease2,3. Some investigators 
have reported that non-invasive markers of 
bone turnover such as iPTH, total ALP, and 
bone specific ALP were unable to distinguish 
among low-turnover bone diseases, normal 
bone and mild osteitis fibrosa. Further, the 
measurement of serum Ca and P is unhelpful 
in distinguishing between high and low bone 
turnover states4,5. Hypermagnesemia, which is 
common among dialysis patients, may suppress 
PTH synthesis and/or release, and may have 
a role in development of ROD3. Another 
biochemical marker of bone formation is OC. 
OC is exclusively synthesized by osteoblasts, 
and increased circulating levels of OC reflect 
increased skeletal production, decreased renal 
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clearance, or both6. Transperitoneal removal of 
these markers might be expected in patients 
on peritoneal dialysis. In the present study, we 
have shown that CAPD removes a significant 
amount of OC and PTH from the circulation. 
We found that serum OC correlated significantly 
with serum P, ALP, and PTH concentrations, 
but did not correlate significantly with Clp of 
OC and serum Ca and Mg concentrations. Some 
authors have reported no correlation between 
serum OC and other biochemical markers 
[serum Ca, P, ALP, PTH, Mg, aluminum, 
vitamin D binding protein, and 1,25 (OH)2D3] 
of ROD, but others found significant correlation 
between them6-9. This discrepancy may be due 
to differences in the age group and different 
dialysis modality. Baskin et al.10 demonstrated 
that serum OC correlated with bone ALP and 
iPTH. In their study, it was concluded that 
bone ALP and OC combined with iPTH level 
seemed to be useful non-invasive markers of 
bone metabolism in dialysis patients. The study 
of Yalcinkaya et al.11, based on the histologic 
diagnosis of transiliac bone biopsies of children 
with CAPD, showed that mean serum Ca levels 
were significantly higher in the low turnover 
group compared with the patients with high 
turnover bone disease. A serum iPTH level 
>200 pg/ml was 100% sensitive and 66% 
specific in identifying patients with high 
turnover ROD. Correlation with quantitative 
bone histology shows that serum OC is a 
measure of the rate of bone formation12.

Our data shows that OC and PTH are removed 
effectively through the peritoneal membrane 
by CAPD. The transperitoneal removal of 
OC did not alter OC levels in blood. The 
correlation between PTH and Clp-PTH shows 
that transperitoneal removal of PTH seems to 
alter serum PTH levels. Serum Mg levels did 
not appear to alter serum PTH and OC levels. 
Our results indicate no correlations between 
Clp-osteocalcin and any of the other measured 
parameters. Therefore, Clp-osteocalcin is of no 
interest as a non-invasive marker of metabolic 
bone disease in children treated with CAPD. 
But significant correlations between serum OC 

and PTH, P, and ALP shows that OC could 
be used as a valuable non-invasive biochemical 
marker of metabolic bone disease. Using these 
bone markers in combination will improve 
the diagnosis and the treatment of metabolic 
bone diseases.
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