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Results
The descriptive data and characteristics of the studied 

CKD patients are summarized in Table 1. Significant dif-
ferences (p <0.0001 or p <0.05) were noted for iPTH, 
OC, P1NP, and β-CTX levels among patients with dif-
ferent stages of CKD compared to controls. As ClCr is 
reduced, a gradual increase of the bone indicators is ob-
served (p <0.0001). The levels of iPTH, OC, P1NP, and 
β-CTX were significantly higher (p <0.0001) in the dialy-
sis patients (Table 2).

MMP-1 serum levels showed a weak gradual in-
crease with the deterioration of kidney function in CKD 
patients and had the highest values in hemodialysis pa-
tients, which differed significantly from the healthy in-
dividuals (p =0.0468). On the contrary, MMP-2 serum 
levels showed statistically significantly lower levels (p 
=0.0074, p =0.0098, p =0.0340 and p =0.0154, respec-
tively) between all other groups and hemodialysis pa-
tients (Table 2).

Positive correlations between iPTH levels and the 
others bone markers (OC, P1NP and β-CTX) were es-
tablished while significant positive correlations were 

also observed among all the bone disease markers tested 
(Table 3). It should also be emphasized that we found 
negative correlations between ClCr and bone markers 
in the studied groups. All the biochemical bone markers 
analyzed were significantly negatively correlated with 
ClCr (Table 4).

MMP-1 showed a significant positive correlation 
with OC and β-CTX whereas a significant negative cor-
relation was found between MMP-2 and OC (Table 3).

No further association was found between MMP-1 
and MMP-2 and the biochemical bone parameters in all 
the studied groups. 

Discussion
Bone indicators & metalloproteinases in CKD

In an attempt to evaluate a possible diagnostic sig-
nificance of serum MMP-1 and MMP-2 levels consid-
ering CKD-MBD monitoring, the levels of MMPs were 
estimated in the serum of CKD patients in different dis-
ease stages along with the levels of iPTH, OC, P1NP, and 
β-CTX.

The serum levels of iPTH, ΟC, P1NP, and β-CTX 

Table 1: Characteristics and studied parameters of the 60 patients at different stages of pre-dialysis chronic kidney disease 
(CKD), 20 patients on hemodialysis (HD) and 20 matched healthy controls that were included in the study

Controls 
(A)

CKD2 (stage 2) 
(B)

CKD3 (stage 3) 
(C)

CKD4 (stage 4) 
(D)

CKD5 (stage 5-HD) 
(E)

Males/females 8/12 11/9 10/10 11/9 14/6

Age, years 67.65 ± 3.99 66.50 ± 6.55 69.70 ± 5.79 65.45 ± 8.83 55.30 ± 8.04

ClCr
(ml/min)

107.04  ± 10.45 76.87 ± 10.79
A-B p <0.0001*

47.17 ± 7.88
A-C p <0.0001*
B-C p <0.0001*

22.73 ± 5.80
A-D p <0.0001*
B-D p <0.0001*
C-D p <0.0001*

<15

U
(mg/dl)

34.4 ± 8.42 48.25 ± 18.83
A-B p =0.0033*

74.25 ± 41.10
A-C p <0.0001*
B-C p =0.0015*

100.75 ± 47.89
A-D p <0.0001*
B-D p =0.0003*

154.95 ± 44.01
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p =0.0022*

Cr 
(mg/dl)

0.58 ± 0.05 1.17 ± 0.40
A-B p =0.0294*

1.78 ± 0.66
A-C p =0.0015*
B-C p =0.0009*

3.33 ± 2.29
A-D p =0.0010*
B-D p <0.0001*
C-D p =0.0161*

9.05 ± 1.87
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p <0.0001*

Ca
(mg/dl)

9.48 ± 0.68 9.25 ± 0.37 9.43 ± 0.66 8.90 ± 0.54
A-D p =0.0058*
B-D p =0.0385*
C-D p =0.0049*

8.50 ± 0.93
A-E p =0.0011*
B-E p =0.0098*
C-E p =0.0007*

P
(mg/dl)

3.98 ± 0.8 3.27 ± 0.56
A-B p =0.0040*

3.38 ± 0.55 4.34 ± 1.22
B-D p =0.0004*
C-D p =0.0086*

6.22 ± 1.39
A-E p <0.0001*
B-E p <0.0001*
C-E p <0.0001*
D-E p <0.0001*

Alp
(mg/dl)

70.66 ± 4.00 69.9 ± 33.75 82.6 ± 30.78
A-C p =0.0133*
B-C p =0.0453*

89.45 ± 61.60 84.65 ± 25.52
A-E p =0.0149*
B-E p =0.0326*

CKD: chronic kidney disease, HD: hemodialysis, ClCr: creatinine clearance, U: urea, Cr: creatinine Ca: calcium, P: phosphorus, Alp: alkaline 
phosphatase. One-way ANOVA analysis was used for comparing quantitative measurements of the study groups. The asterisk (*) indicates 
‬statistically ‬signifi‬cant differences ‬between ‬the ‬studied ‬parameters.


