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Table 2: Serum levels of intact parathyroid hormone (iPTH), osteocalcin (OC), N-terminal propeptide of type I collagen 
(P1NP), β-C-terminal telopeptide of type I collagen (β-CTX) and matrix metalloproteinases (MMPs) in the different stages of 
pre-dialysis chronic kidney disease (CKD) and in healthy controls. 

Controls 
(A)

CKD2 (stage 2) 
(B)

CKD3 (stage 3) 
(C)

CKD4 (stage 4) 
(D)

CKD 5 (stage 5-HD) 
(E)

 iPTH
 (pmol/l)

4.96 ± 1.40 7.93 ± 4.89 9.51 ± 2.65
A-C p <0.0001*
B-C p =0.0337*

15.30 ± 11.89
A-D p <0.0001*
B-D p =0.0115*

34.32 ± 22.18
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p =0.0007*

ΟC 
(ng/ml)

27.7 ± 10.58 20.35 ± 9.43
A-B p =0.0154*

36.40 ± 18.07
B-C p =0.0003*

61.77 ± 53.13
A-D p =0.0049*
B-D p =0.0002*

199.75 ± 87.26
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p <0.0001*

β-CTX 
(ng/ml)

0.31 ± 0.11 0.32 ± 0.17 0.68 ± 0.35
A-C p =0.0008*
B-C p =0.0010*

0.79 ± 0.63
A-D p =0.0077*
B-D p =0.0069*

2.22 ± 1.08
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p <0.0001*

P1NP 
(ng/ml)

60.48 ± 30.87 53.33 ± 27.14 82.66 ± 44.62
A-C p =0.0468*
B-C p =0.0124*

99.66 ± 65.69
A-D p =0.0167*
B-D p =0.0071*

262.94 ± 131.78
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001* 
D-E p <0.0001*

MMP-1 
(pg/ml)

2169.69 ± 1746.56 2731.1 ± 1756.06 2798.19 ± 1589.14 3012.28 ± 2732.68 3528.9 ± 2516.01
A-E p =0.0468*

MMP-2 
(ng/ml)

135.01 ± 72.16 134.01 ± 59.15 139.36 ± 103.03 143.15 ± 62.39 98.07 ± 54.99
A-E p =0.0074*
B-E p =0.0098*
C-E p =0.0340* 
D-E p =0.0154*

CKD: chronic kidney disease, HD: hemodialysis, iPTH: intact parathyroid hormone, OC: osteocalcin, β-CTX: β-C-terminal telopeptide of type 
I collagen, P1NP: N-terminal propeptide of type I collagen, MMP-1: metalloproteinase-1, MMP-2: metalloproteinase-2. One-way ANOVA 
analysis was used for comparing quantitative measurements of the study groups. The asterisk (*) indicates statistically ‬signifi‬cant ‬relationships 
‬between the ‬studied ‬parameters.

Table 3: Correlations between bone biochemical parameters and the matrix metalloproteinases (MMPs) in the studied groups.
iPTH (pmol/l ) OC (ng/ml) β-CTX(ng/ml) P1NP (ng/ml) MMP-1 (pg/ml) MMP-2 (ng/ml)

iPTH
(pmol/l )       −−

rho =0.674
p <0.0001*

rho =0.743
p <0.0001*

rho =0.657
p <0.0001*

rho =0.168
p =0.092

rho =-0.129
p =0.200

OC
(ng/ml) −−

rho =0.809
p <0.0001*

rho =0.756
p <0.0001*

rho =0.245
p =0.014*

rho =-0.222
p =0.025*

β-CTX
(ng/ml) −−

rho =0.890
p <0.0001*

rho =0.197
p =0.048*

rho =-0.187
p =0.061

P1NP
(ng/ml) −−

rho =0.122
p =0.224

rho =-0.147
p =0.142

MMP-1
(pg/ml) −−

rho =0.206
p =0.039*

iPTH: intact parathyroid hormone, OC: osteocalcin, β-CTX: β- C-terminal telopeptide of type I collagen, P1NP: N-terminal propeptide of type I 
collagen, MMP-1: metalloproteinase-1, MMP-2: metalloproteinase-2. The asterisk (*) indicates the statistically significant correlation between 
the studied parameters.

Table 4: Correlations between clearance creatinine, bone biochemical parameters and the matrix metalloproteinases (MMPs) 
in the studied groups [excluding the hemodialysis patients (CKD 5-HD◊)].

ClCr 
(ml/min)

iPTH 
(pmol/l)

OC
(ng/ml)

β-CTX
 (ng/ml)

P1NP
 (ng/ml)

MMP-1
 (pg/ml)

MMP-2 
(ng/ml)

ClCr
(ml/min)                               

−− rho =-0.574
p <0.0001*

rho =-0.391
p =0.0003*

rho =-0.389
p =0.0004*

rho =-0.345
p =0.0017*

rho =-0.146
p =0.193

rho =-0.007
p =0.949

ClCr: creatinine clearance, iPTH: intact parathyroid hormone, OC: osteocalcin, β-CTX: β-C-terminal telopeptide of type I collagen, P1NP: N-
terminal propeptide of type I collagen, MMP-1: metalloproteinase-1, MMP-2: metalloproteinase-2. The asterisk indicates (*) the statistically 
significant correlation between the studied parameters. ◊: The CKD5 (stage5-HD), the group of dialysis patients was not included because it is 
difficult to measure ClCr in patients who hardly produce urine.


