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Abstract: Secondary hyperparathyroidism (sHPTH) is one of the most common complications of CKD (chronic
kidney disease), which alters the mineral balance with the development of bone mineral disorders and soft tissue
calcifications. The treatment of bone-mineral disorders requires continuous monitoring of Ca-P exchange, PTH
(parathyroid hormone), serum Vitamin D levels and the protein bone markers - osteocalcin, bone alkaline
phosphatase - BAP. In the Clinic of Dialysis at University Hospital "St. Marina " are followed and compared
serum biomarker levels - BAP, Osteocalcin, Vit D in two groups of patients-dialysis and CKD patients in 2 and
3 stage with sHPTH. The results show statistically significant differences between the mean values of the two
groups and between female and male in the tested serum levels of the indicators.
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I.  Introduction

Secondary hyperparathyroidism (sHPTH) is one of the most common complications of CKD (chronic
kidney disease), which alters the mineral balance with the development of bone mineral disorders and soft tissue
calcifications. When glomerular filtration (GFR) is reduced (GFR<60ml/min), phosphorus clearance is
significantly decreased, and this results in phosphorus retention and stimulation of PTH synthesis and secretion
[8]. Kidney Disease Outcomes Quality Initiative (KDOQI) and Kidney Disease Improving Global Outcomes
(KDIGO) experts have recognized that vitamin D insufficiency and deficiency should be avoided in CKD and
dialysis patients (HD) by using supplementation to prevent SHPT. Despite the widespread use of the metabolites
of vitamin D, phosphate binders and calcimimetics [1], in many patients with CKD and dialysis treatment,
inadequate biochemical control has been observed.

The treatment of bone-mineral disorders requires continuous monitoring of Ca-P exchange, PTH
(parathyroid hormone), serum Vitamin D levels and the protein bone markers - osteocalcin, bone alkaline
phosphatase - BAP. Applied by us monitoring and comparison of the serum biomarker levels in two groups of
patients-on HD and CKD - 2 and 3 stage with sHPTH identify statistically significant differences between the
mean values of the two groups and between the male and female in the tested serum levels.

Vitamin D deficiency is an important component in the pathogenesis of SHPTH and it is defined as a
reduced serum level of 25(OH)D (25 - hydroxyvitamin D). This deficit is rarely found in the general population
but it is more commonly distributed among patients with CKD [20,17]. Vitamin D toxicity is increased by
higher calcium intake, calcitriol analogs, and adynamic bone disease in dialysis patients. The frequency of this
toxicity is not known but appears very rare. Diagnosis mainly includes hypercalcemia with the risk for extra
osseous calcification.

Impaired renal function is associated with a 32% higher risk of vitamin D deficiency compared to the
general population. It develops early in the course of chronic renal failure, and its proliferation increases with
the progressive loss of kidney tissue [2]. Vitamin D belongs to the group of fat-soluble sex-sterols with several
existing forms. The major compounds in humans are - vitamin D3 (cholecalciferol) and vitamin D2
(ergocalciferol). Synthesis of vitamin D3 is induced by sunlight in the skin and is a major source of vitamin D in
the general population but can also be delivered from dietary sources [3, 4]. The usage of vitamin D receptor
activator in the pre-dialysis stage has an inhibitory effect on elevating of the serum levels of PTH at the time of
initiation of dialysis.

In chronic kidney disease (CKD), the hyperphosphaturic osteocyte-derived hormone FGF-23 increases
to compensate for phosphate retention and further inhibits renal 1-hydroxylase expression, and induces the
expression of 24-hydroxylase responsible for the degradation of 1,25-(OH2)D. However, 24,25(0OH)D levels are
lower in dialysis patients than in the normal population. Thus, the impaired uptake of 25(OH)D by altered
kidneys remains the main cause of 1,25(OH2)D deficiency since the metabolic clearance rate of calcitriol seems
not altered .In addition to the direct effect of high 25(OH)D levels, local osteoblastic conversion of 25(OH)D to
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1,25(0OH2)D appears to be an important positive regulator of FGF-23 production, particularly in uremia.
Together with decreased kidney function, a decrease in 1,25(0OH)2D leads to hypocalcemia and SHPT, which
are the main causes of secondary osteoporosis.

The Bone alkaline phosphatase (BAP) is the bone-specific alkaline phosphatase isoform. A
glycoprotein that is found on the surface of osteoblasts, BAP represents the biosynthetic activity of these bone-
forming cells. It was shown to be a sensitive and reliable indicator of bone metabolism [5]. The BAP serum
testing is of great importance for the monitoring of the treatment in the clinical practice in the patients on
dialysis.

Il. Material and Methods

A study of the biomarkers Vitamin D, Osteocalcin and BAP was performed in two groups of patients. The
first group of 45 patients (23 man and 22 women) is in HD treatment at the Dialysis Clinic of University
Hospital "St. Marina “, scheduled on dialysis sessions for 4 hours with a duration of the dialysis treatment of 2-9
years. Mean value & Std. Dev. of the age of the patients is 51,53 & 11,85 years.

The second group is with the same sample size of 45 patients (19 man and 26 women) in pre-dialysis
stage with CKD. Mean value of the age is 68,88 = 14,67 years.

The following methods were used to study 25 OH Vitamin D, Osteocalcin and BAP OSTASE®:
1. The LIAISON® 25 OH Vitamin D TOTAL test applies a chemiluminescent immune test (CLIA)
technology for the quantification of 25-hydroxyvitamin D and other hydroxylated metabolites of vitamin D in
human serum.

2. The LIAISON® Osteocalcin Test of DiaSorin is a single-step chemiluminescent analysis (IHLA)
designed to quantify the osteocalcin polypeptide in human serum.
3. DiaSorin LIAISON® BAP OSTASE® is a one-step supplemental chemiluminescent assay (IHLA)

based on the “sandwich” method designed for quantification of bone alkaline phosphatase (BAP) in human
serum.
The precision of the LIAISON® analysis was evaluated according to CLSI EP5-A2.

All blood samples for the tested biomarkers were taken at the beginning of the dialysis session in a
"yellow" vacutainer - 5 ml of the blood hemlines before the anticoagulant was placed in the extracorporeal
system. The blood sample was centrifuged for 10 minutes at 3600 revolutions and, after coagulation, the serum
was separated from the clot.

The statistical analysis of the data is made by a specialized software package STATISTICA [6].

The descriptive statistics as the frequencies of distribution of the examined variables, mean values = standard
deviations and 95% confidence of the intervals of the means are presented. Student’s test (t-test) for two
independent samples for identification of statistically significant differences in the mean is used. Analysis of
variance (ANOVA) test are used to detect significance of the factor “sex” for the serum Vitamin D levels, levels
of protein bone markers osteocalcin and BAP. Values p<0,05 were adopted for statistically significant.

I11. Results and Discussion

Osteocalcin, as a major non-collagen protein in human bones, is released from the bone matrix and enters
the blood vessels. It is synthesized by osteoblasts and odontoblasts of the bone tissue. The main part of the
synthesized protein is a part of the extracellular bone matrix, which then mineralizes with the formation of new
bone and the rest goes into the bloodstream. After the bone resorption under the actions of the osteoclasts,
osteocalcin is released from the bone matrix and falls into the blood. Blood levels of osteocalcin are an
important indicator of the metabolic changes in bone tissue [7, 8].

Comparison of the serum biomarker levels of osteocalcin in the two groups of patients - on HD and
predialysis using t-test for two independent samples identify statistically significant difference (p=0,027)
between the mean values of the groups (Tablel).

Table 1. Comparison of the mean values of the osteocalcin in patients on HD (h_PTH) and predialysis (n_PTH).
T-test for Independent Samples. Note: Variables were treated as independent samples

osteocalcin Mean | Mean tvalue |df Valid N |Valid N |Std.Dev. |Std.Dev.
Group 1 |Group 2 P Group 1 |Group 2 |Group 1 |Group 2
h_PTHvs. _n_PTH [1257.06 | 678.26 | 2.243 |88 |0.027 | 45 45 |1517.29 | 800.36

The frequencies distribution of observed osteocalcin levels in patients of the researched two groups are
presented on Fig.1.
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Histogram of multiple variables
Osteocal_h_PTH = 45*500*normal(x; 1257,0644; 1517,2917)
Osteocal_n_PTH = 44*500*normal(x; 678,2614; 800,3594)
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Fig.1: Histogram of osteocalcin levels in patients on HD (h_PTH) and predialysis (n_PTH).

The statistically significant difference in mean values of osteocalcin among patients with CKD with
bone and mineral metabolism disorders before and after hemodialysis is associated with changes in serum PTH
levels in these patient groups.

Vitamin D deficiency is associated with metabolic syndrome and obesity [9] in HD patients. In patients
on peritoneal dialysis, low levels of vitamin D are associated with cognitive changes [10]. In transplanted
patients, the low serum level of 25 (OH) D is associated with a rapid reduction of the renal function. Vitamin D
deficiency is associated with insulin resistance, ventricular hypertrophy, atherosclerosis and vascular
calcifications [3]. Vitamin D deficiency, which includes both serum levels of 25 (OH) D and levels of 1,25 (OH)
D, is usually seen in patients with CKD and on chronic dialysis. The main consequence is SHPTH and the active
metabolites of vitamin D remain the first line of prevention and treatment. Lower 25 (OH) D levels are
associated with high bone metabolism, secondary hyperparathyroidism and reduced bone mineral density
(BMD) in patients with CKD and on dialysis.

From our study, no significant difference in the mean values of Vitamin D values (p=0,102) was found
in the two groups of patients on dialysis (18,74 & 8,83) and in predialysis stage (15,95 * 6,85

ANOVA test remained significantly differences in the measured values of Vitamin D for female and
male in the both groups - with high PTH (p=0,02) and with normal PTH (p=0,047) (Table2).

Table 2. Mean values and St Dev. of Vitamin D measured in female and male patients in the two groups.

Mean £ Std. Dev.
of Vit.D for female and male

N Vit.D Vit.D

Mean Std.Dev.
Female- high PTH |22 14,72 6,13
Male- high_PTH |23  |22,58 9,48
Female_normal_PTH |20 13,71 7,38
Male_normal PTH |25 17,65 6,01

On the Fig.2 the distribution of values of Vitamin D in the two groups is presented.
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Histogram of multiple variables
VitD_h_PTH = 45*5*normal(x; 18,7387; 8,8336)
VitD_n_PTH = 44*5*normal(x; 15,9511, 6,8497)
14

12

10

No of obs
|
\

0 r T w B VitD_h_PTH

0 5 10 15 20 25 30 35 40 45 50 [ VitD_n_PTH

Fig.2: Histogram of the distributions of values of Vitamin D in the two groups.

In [12] the reorganization of the bone with the bone-specific alkaline phosphatase and bone biopsy in
hemodialysis patients with CKD and diagnosed a dynamic disease and different bone changes in
hyperparathyroidism is examined. At a reference value of 22 ng/mL this enzyme is an optimal prognostic factor
for bone biopsy. At levels above 22 ng/mL and those of intact parathyroid hormone below 726 pg / mL, mild to
moderate reorganization of bone tissue is considered. High BAP levels are associated with disability and high
mortality in dialysis patients and its dominant effect on bone metabolism is emphasized.

Our results show a significant difference in the serum BAP in the studied groups of patients - with high
PTH and normal PTH in the HD patients, which is consistent with studies in the foreign literature. The
measured values of BAP in the patients with high PTH remained significantly higher as compared to the values
in the group of patients with normal PTH (54,30 = 75,20 vs 22,60 = 29,10, p=0,011). On the Fig.3 the mean
values = St. Error of BAP and its 95% confidence intervals in the two researched groups are presented.

No significant difference was established between the values of the BAP for female and male in the
two researched groups. In the Table 3 the mean values =+ Std. Dev. of BAP measured in female and male
patients are presented.

Table 3. Mean values, std. dev. of BAP measured in female and male patients in the two groups.

Mean = Std. Dev.
of BAP for female and male

N BAP BAP

Mean | Std.Dev.
BAP_high_PTH: Total 45 | 54,30 75,20
Female_high_PTH 22 | 63,05 83,12
Male_high_PTH 23 | 41,08 67,33
BAP_normal_PTH: Total 45 | 22,60 29,12
Female__normal PTH 20 | 21,35 12,96
Male _normal_PTH 25 | 23,56 37,30

On the Fig.3 the mean values & St. Error of BAP and its 95% confidence intervals in the two researched groups
are presented.
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Box & Whisker Plot
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Fig.3. Box & Whisker plot of the mean values of BAP and its 95% confidence intervals in the HD patients.
On Fig. 4 the mean values = Std. Dev. of BAP measured in female and male patients are presented.

Authors in [13] propose the use of bone-specific alkaline phosphatase as an alternative to parathyroid
hormone because this enzyme is directly related to the bone reorganization, reflects its histomorphometry and
can predict the results of hemodialysis treatment in patients with chronic kidney disease and disorders of bone
mineral metabolism. Bone-specific alkaline phosphatase and intact parathyroid hormone values vary within the
widest range. The levels of specific protein biomarkers - bone alkaline phosphatase and vitamin D are very low
in patients on chronic hemodialysis and in patients in the pre-dialysis period [12].
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Fig. 4. The mean values and its 95% confidence intervals of BAP measured in female (coded by 0) and male
(coded by 1) patients in the two researched groups.
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IV. Conclusion

The treatment of bone and mineral disorders requires continuous monitoring of protein bone markers -
PTH, serum Vitamin D levels., osteocalcin and bone alkaline phosphatase. Our results show a significant
difference in the serum BAP, osteocalcin and bone alkaline phosphatase in the studied groups of patients - with
high PTH and normal PTH on HD, which is consistent with studies in the foreign literature.
In conclusion, the findings of the present work prove that the simultaneous control of bone biomarkers results in
a higher survival rate than control of only one or two of these parameters. Long-term and consistent control is
associated with longer survival and better quality of life.
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