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ASSOSIATION BETWEEN PARAMETERS OF MINERAL BONE
METABOLISM AND SURVIVAL IN PATIENTS UNDERGOING
CHRONIC HEMODIALYSIS

Branislav Apostolovi¢?, Tatjana Cvetkovi¢'?, Marija Andelkovié-
Apostolovi¢'?, Karolina Paunovi¢®, Mina Cvetkovi¢!, Radmila
Veli¢kovié-Radovanoviél-?

Beside the traditional risk factors which have an effect on cardiovascular diseases,
hemodialysis patients are exposed to metabolic factors, such as malnutrition, micro-
inflammation and oxidative stress, along with mineral bone disorder.

The aim of this study was to determine a three-year survival in patients
undergoing chronic hemodialysis and to analyse correlation with parameters of mineral

bone metabolism.

During the three-year follow-up 186 patients were included, of which 115 men
(61.83%) and 71 women, with a mean age 61.47+12.42. The exact date and the direct
cause of death were recorded and mineral bone metabolism parameters were analysed.

Out of 67 dead patients, 33 (49.25%) died from cardiovascular cause. Out of the

total number of deaths in our study, only 11.9% of patients had a target PTH values.
Patients with PTH>600 pg/ml are exposed to an increased risk from the overall mortality
(RR=0.48, 95% CI (0.24-0.95), p=0.04), but also from cardiovascular mortality
(RR=0.34, 95% CI (0.12-0.93), p=0.034) compared to patients with normal serum PTH.
These patients have a statistically significant higher serum phosphorus in comparison with
patients with normal PTH levels (1.72+0.42 vs. 1.39+0.36, p=0.032). Phosphorus above
2.10 mmol/L increases the relative risk for the overall mortality rate by 60% (RR=0.59,
95% CI (0.35-0.89), p=0.049). In our study, 2-fold higher risk of all-cause mortality
(RR=2.00, 95% CI (0.92-4.36), p=0.048), and even 3-fold higher risk of cardiovascular
mortality (RR=3.03, 95% CI (0.71-1.29), p=0.039) were found in patients with CaxP
levels above 4.50 mmol?/L2.

Three-year mortality rate of patients undergoing hemodialysis was 36.02%, while
half of the patients died from cardiovascular disease. Patients with hyperparathyroidism
and elevated calcium phosphorus product are at the highest risk, both for all-cause and
cardiovascular mortality. Patients with hyperphosphatemia are at higher risk for all-cause

mortality. Acta Medica Medianae 2015,54(4):37-45.
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Introduction

Ten percent of the population worldwide is
affected by chronic kidney disease (CKD) (1). The
number of patients in the terminal stage of CKD
has been constantly increasing, and accordingly
the number of patients on regular hemodialysis
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cardiovascular mortality, mineral bone

program. Annual growth rate in patients on dia-
lysis is about 5-8%, therefore, these patients re-
present a major medical and socio-economic pro-
blem in the world (2).

A large number of complications as well as
renal replacement techniques can lead to a sig-
nificant reduction quality of life in patients on he-
modialysis. Five-year survival in these patients is
approximately 40% (3). The risk of developing
cardiovascular disease (CVD) is 10 to 20 times
higher compared to the general population (4).

Besides the traditional risk factors which
have an effect on cardiovascular diseases, hemo-
dialysis patients are also exposed to metabolic
factors, such as malnutrition, microinflammation
and oxidative stress, along with mineral bone dis-
order (5-8).

Changes in the metabolism of calcium,
phosphorus, parathyroid hormone (PTH) and vi-
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tamin D are common consequences in chronic
kidney disease mineral bone disorder (CKD-MBD).
Vascular calcification within the CKD-MBD repre-
sents a significant predictor of mortality in these
patients (9).

Intima calcification of the coronar arteries
leads to the artery lumen narrowing and blood
flow reduction with ischemic myocardium, while
the rupture of atherosclerotic plaque leads to the
development of acute coronary syndrome. Calcifi-
cation of the media results in arteriy elasticity
reduction and subsequent left ventricle hyper-
trophy (LVH) (10). Valvular calcifications give rise
to mitral and aortic stenosis. Secondary hipre-
paratireocidizam, hyperphosphatemia, and high
values of calcium phosphorus products in patients
undergoing hemodialysis, have a crucial role in the
development of valvular calcification. However,
hyperphosphataemia  within adynamic bone
disease may have a significant contribution to the
development of valvular calcification (11). Calci-
philaxis represents a specific type of vascular
calcifications in dialysis patients, characterized by
diffuse media calcification and proliferation of
small and medium-sized arteries and arterioles
(12). The result is calcium phosphorus product
increasing, followed by hypercoagulability, skin
ulceration and peripheral gangrene.

Coronary artery calcification have a high
prevalence in patients on hemodialysis. Electron
beam computed tomography (EBCT) and multi
slice computed tomography (MSCT) are used for
the assessment of calcium in the coronary arte-
ries. Patients with coronary artery calcification
score 2400 have a lower survival rate compared
to the patients without coronary artery calcifi-
cation (13).

Early detection of risk factors and timely
application of appropriate therapy significantly
reduces cardiovascular morbidity and increases
survival and quality of life in patients on hemo-
dialysis.

Aim

The aim of this study was to determine a
three-year survival in patients undergoing chronic
hemodialysis and to analize correlation with
parameters of mineral bone metabolism.

Patients and Methods

Prospective observational study was con-
ducted at the Clinic of Nephrology, Clinical Center
NiS. The principles of evidence-based medicine
were respected. The study included 186 patients,
115 men (61.83%) and 71 women, mean age
61.47+12.42 years, with terminal renal failure
undergoing hemodialysis treatment for more than
three months. The excluding criteria were:
patients with changed treatment modality, trans-
planted patients, patients with renal function
recovery, these who left the dialysis center and
patients undergoing hemodialysis treatment less
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than 3 months. We have monitored patients for 36
months. At baseline, data were collected from
medical records while blood samples were taken
before the initiation of dialysis sessions.

During the follow-up the exact date and the
direct cause of death were recorded, according to
which all patients were divided into two groups.
Cardiovascular mortality included deaths attri-
buted to sudden cardiac death, ischemic heart
disease, heart rhythm disorders, cerebrovascular
disease and heart failure. All-cause mortality inclu-
ded deaths attributed to sepsis, gastrointestinal
bleeding, malignancy and liver cirrhosis. The
following parameters were evaluated: sex and age
structure, hemodialysis vintage, haematological
and biochemical parameters.

Routine laboratory analyses were performed
on the Automatic biochemistry analyzer Erba XL-
600 (Erba diagnostics Mannheim, GmbH, Germa-
ny). Number of leukocytes, erythrocytes, platelets
and hemoglobin were analyzed on haematology
analyzer Nihon Koden (Japan). C-reactive protein
serum levels were determined using immuno-
turbidimetric method, on Olympus AU-600 auto-
mated analyzer (Olympus Diagnostic, GmbH,
Germany). Determination of intact PTH was
performed by immuno-radiometric analysis (IRMA)
on LKB gamma counter.

Dialysis adequacy was evaluated by Kt/V
index, calculated according to the following
formula: Kt/Vsp=-In(C2/C1-0008xT)+(4-3.5xC2/
C1)xUF/W, where: Cl-the predialysis urea value
(mmol/L), C2-postdialysis urea value (mmol/L), T-
hemodialysis duration (h), UF-interdialysis vyield
(L), W-body weight after hemodialysis sesion (kg).
Serum calcium was corrected for serum levels of
albumin with the following formula: corrected
calcium (CaALB)=total calcium+((40-albumin con-
centration)x0.02).

Based on the PTH values patients were
subgrouped: first group <150 pg/ml, second
group 151-300 pg/ml, third group 301-600 pg/ml
and fourth group>601 pg/ml of PTH.

Statistical analysis was performed using the
statistical package SPSS software version 16.0
(SPSS Chicago, IL, USA). A value for p<0.05 was
considered statistically significant. We compared
clinical and biochemical data using the t-test for
normally distributed data (expressed as mean
+£SD) and Mann-Whitney U test for data that were
not normally distributed. One way analysis of
variances (ANOVA) with Boniferroni post hoc test
and Kruskal-Wallis test for not normally distri-
buted data was used for comparison three and
more groups. Relative risk (RR) was determined.

Results

Addition 1.

Table 1 shows demographic and laboratory
characteristics of survived patients, and patients

who died from all-cause and cardiovascular cau-
ses. Survived patients were significantly younger
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Table 1. Demographic and laboratory characteristics of hemodialysis patients

Surviving patients | All-cause Mortality Caﬁg)ézﬁct:;llar
Number of patients (%) 119 (63.98) 67 (36.02) 33 (17.74)
£+SD I£SD £+SD
Age (years) 59.43+12.45 65.10+11.59 A 66.64+9.87 ©
HD vintage (months) 62.49+62.93 62.96+70.28 55.03+52.35
Calcium (mmol/L) 2.34+0.24 2.34+0.21 2.36+0.23
CaxP product (mmo/l?/L?) 3.59+1.16 3.82+1.22 3.83+1.17
Phosphorus (mmolL) 1.53+0.47 1.64+0.52 1.64+0.53
Corected calcium (mmol/L) 2.41+0.24 2.45+0.20 2.44+0.22
PTH (pg/mL) 388.59+1385.68 305.23+348.26 289.18+298.66
Alkaline phosphatase (IU/L) 91.93+72.32 93.43+62.35 90.64+46.52
Albumin (g/L) 36.66+2.59 34.75+4.04 © 35.60+3.71
CRP (mg/I) 9.91+18.65 13.10+15.98 A 13.04+16.14
Kt/V 1.33+0.28 1.25+0.25 1.31+0.22

A p<0.05 Surviving patients compared to all-cause mortality
Bp<0.001 Surviving patients compared to all-cause mortality
€p<0.05 Surviving patients compared to cardiovascular mortality

+£11.59 vs. 59.43+12.45, p=0.003) and also from
cardiovascular cause (66.64+9.87 vs. 59.43%
12.45, p=0.003). Albumin concentration was
significantly higher (34.75+4.04 vs. 36.66+2.59,
p=0.001) while the concentration of CRP was
significantly lower among survived patients (13.10
+£15.98 vs. 18.65+£9.91, p=0.050) compa-red to
the patients who died from all-cause. There were
no statistically significant differences in para-
meters of bone mineral metabolism among stu-
died groups.

Addition 2.

In the three-year follow-up period, of the
total number of deaths (67; 36.02%), 33 patients
(49.25%) died from cardiovascular diseases
(Table 2).

Table 2. Mortality rate of patients

All- Cardiovascular
cta llj.ie mortality
mo(ro/a)l Y (% of deaths
? patients)
1-year 15.05 50.00
mortality rate
2-year 28.49 49.06
mortality rate
3-year 36.02 49.25
mortality rate
Addition 3.

There was no statistically significant dif-
ference in the number all-cause deaths, neither of
KVS mortality. Parameters of mineral and bone
metabolism show statistically significant differen-
ces compared to the PTH group.

Addition 4.

The Figure 1.shows the Kaplan-Meier sur-
vival curves in relation to the values of PTH.
Patients with values of PTH>601 pg/ml had the
shortest survival for all cause mortality but with-
out statistical significance in relation to the other
groups of PTH (Log Rank (Mantel-Cox)=6.008;
p=0.111) (Figure 1.A, Table 4.A). Similar situa-
tion is found for cardiovascular mortality (log rank
(Mantel-Cox)=61.432; p=0.698) (Figure 1.B, Ta-
ble 4.B).

Addition 5.

Our results have shown that the risk of
cardiovascular mortality was higher for 34%
(RR=0.34, 95% CI(0.12-0.93), p=0.034) and 48%
of all-cause mortality (RR=0.48,95% CI (0.24-
0.95), p=0.04) with PTH levels above 600 pg/ml
compared to the referent group (151-300 pg/ml)
(Figure 2.B). Patients with values of P>2.10
mmol/L have a higher risk of 59% of overall
mortality (RR=0.59, 95% CI (0.35-0.89), p=0.049)
(Figure 2.C). Calcium phosphorus product over
4.50 mmol%/L? provides 2-fold higher risk of all-
cause mortality (RR=2.00, 95% CI (0.92-4.36),
p=0.048) (Figure 2.A), and more than 3-fold risk of
cardiovascular mortality (RR=3.03, 95% CI (0.71-
1.29), p=0.049) (Figure 2.H).

Discussion

Mineral bone metabolism disorder occurs in
the early stages of CKD and constantly increases
with kidney failure. Changes in vitamin D and PTH
concentrations with consequent disbalance in the
metabolism of calicium and phosphorus are main
disturbances which are evident. This disorder
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Addition 3.

Table 3. Mortality and parameters of bone and mineral metabolism according to
parathyroid hormone levels

PTH (pg/mL) <150 151-300 301-600 >601 p value hpo"Cskt*
N“mber(gz)pat'e”ts 91 (48.9) 33 (17.7) 38 (20.4) 24 (12.9) | <0.001
n (%) n (%) n (%) n (%)
All-cause mortality 34 (50.7) 8 (11.9) 13 (19.4) 12 (17.9) 0.246
Cardiovascular
moriality 16 (48.5) 4 (12.1) 8 (24.2) 5 (15.2) 0.770
F£SD 7+SD 7+SD T+SD
Calcium (mmol/L) | 2.39+0.24 2.24+0.21 2.24+0.22 2.43+0.17 | <0.001 |A, B, E, F
Corrected calcium | 5 7.4 55 2.32+0.22 2.32+0.23 2.52+0.33 <0.001 [A, B, E, F
(mmol/L)
Phosphorus
(mrmoll) 1.68+0.55 1.39+0.42 1.54+0.43 1.73+0.36 0.043 | A, B, E
CaxP product
P /L) 3.84+1.34 3.1240.93 3.43+0.97 4.18+0.79 0.002 | A E
Alkaline 64.08+21.11 | 87.64+55.83 | 112.54+44.40 | 175.00+133.21 | <0.001 |B, C, E, F
phosphatase (IU/L)

A (Ivs. II), B (I vs. III), C (I vs. IV), D (II vs. III), E (II vs. IV), F (III vs. 1V).

Addition 4.
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Figure 1. Kaplan-Meier curves for all-cause mortality according to PTH levels (A), Kaplan-Meier curve for
cardiovascular mortality according to PTH levels (B)

Table 4. Three-year survival compared to the values of PTH - all cause mortality (A), cardiovascular mortality (B)

(DZ}:/) F+SG 95% CI P _@';;;'7/) T+SG 95% CI p
<150 | 27.02+1.33 | 24.40-29.63 <150 31.79+1.03 | 29.78-33.81
51-300 | 3161157 | 28.53-3469 | . 151-300 | 34.27£1.08 | 32.17-3637 | .o
301-600 | 29.99+1.75 | 25.57-32.42 301-600 | 32.65+1.19 | 30.32-34.96
>601 | 23.68+2.71 | 18.38-28.99 >601 31.5142.32 | 26.96-36.07
A B

40



Acta Medica Medianae 2015, Vol.54(4) Assosiation between parameters of mineral bone metabolism...

Addition 5.
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Figure 2. Association between all-cause mortality and cardiovascular mortality with categorical measures of the
mineral metabolism indicators: PTH (A and B), phosphorus (C and D), albumin-
corrected calcium (E and F) and calcium phosphorus product (G and H)
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leads to a long-term consequences that include
changes in bones (renal osteodystrophy), immune
and hematopoietic systems, as well as in vessel
(calcification) and the entire cardiovascular system
structure and function (14, 15). In our study of
186 patients, in the three-year follow-up period,
36.02% of the patients died. Out of the total
number of deaths, 49.25% died from some
cardiovascular cause (Table 2.). In a previous stu-
dy (16) that included 225 patients on hemo-
dialysis, the overall mortality rate was 37.0%,
while specific mortality rate from cardiovascular
disease was 63.8%. Other studies demonstrated
smilar survival in population of hemodialysis
patients (17, 18). The demographic characteristics
of our patients were similar to other studies. Men
were more frequent, with 61.83%, compared to
the COSMOS study 59.7%, ARO study 7.9% and
DOPPS study (19-21). The mean age of our p-
atients was 61.47+12.42 years, similar as in other
studies (19-23). Thus, our data support the
hypothesis that this population is characterized by
high mortality rate, especially from cardiovascular
diseases as a main cause of death.

Parathyroid hormone, uremic cardiotoxin,
has a significant role in the pathogenesis of
cardiovascular disease. Out of the total number of
deaths in our study, only 11.9% of patients had a
target PTH values (Table 3.). Left ventricular
hypertrophy (LVH) has been reported in over 80%
of patients on dialysis (24, 25). High prevalence of
hypertension, anemia, hypoalbuminemia and arte-
riovenous fistula have an independent effects in
hemodialysis patients, but at the same time acts
synergistically in the development of LVH (26).
Previous studies have demonstrated significant
correlation between left ventricular mass and the
serum PTH level (27). In this regard, some ex-
perimental models studied the effects of PTH on
cardiomyocytes, endothelial cells, and vascular
smooth muscle cells. It was found that parathyroid
hormone-related peptide (PTH-rP), a peptide hor-
mone structurally related to PTH, is expressed in
various tissues including the heart. Stimulation of
PTH receptors act as a paracrine or endocrine
modulator in cardiovascular organs. PTH and PTH-
rP activates protein kinase C in adult cardio-
myocytes, with a consequent increasing in protein
synthesis, increasing the mass of the protein, and
reexpression of fetal proteins (28). Clinical studies
justifying the application of this hypothesis to
cardiomyocytes in vivo. Namely, after parathy-
roidectomy, in patients with extremely high serum
PTH levels and accelerated left ventricular mass, a
marked reduction of both mentioned pa-rameters
occured (29).

Our results have shown that patients with
PTH>600 pg/ml are exposed to an increased risk
from the overall mortality (RR=0.48, p=0.04), but
also from cardiovascular mortality (RR=0.34,
p=0.034) compared to patients with normal serum
PTH (Figure 2.A and B). These patients have a
statistically significant higher serum phosphorus in
comparison with patients with normal PTH levels
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(1.72£0.42 vs. 1.39+0.36, p=0.032) (Table 3).
The analysis of the Kaplan-Meier survival curves of
these in relation to the values of PTH has shown
that patients with PTH values >601 pg/ml, had the
shortest survival both for general as well as for
cardiovascular mortality, but without statistically
significance different than the other groups PTH
(Figure 1.A and B, Table 4.A and B).

Hyperphosphatemia has a notable role in
initiating the process of calcification inside the
media of coronary arteries. The accumulation of
phosphorus in the area of smooth-muscle cells
enables vascular osteogenic cells transformation.
Increased activity of the Na+/P0O43- cotransporter
(especially NPC-type III sodium - dependent
phosphate uptake system) leads to the increased
phosphorus concentration in smooth-muscle cell
arteries. Core Binding Factor a-1 (CBF a-1), a
transcription factor, is stimulated further to induce
differentiation into cells similar to osteoblasts, and
so begins the process of left ventricular remo-
deling, which greatly contribute to hypertension
and anemia (30,31). In our study, P>2.10 mmol/L
increases the relative risk for the overall mortality
rate by 60% (RR=0.59, p=0.049) (Figure 2.C).

Arterial lesions in patients with terminal
renal failure are much different from the formed
atherosclerotic plaques lesions in the general
population. A typical atherosclerotic plaque has
the appearance of atheromatous or fibro-athe-
romatous plaque with prominent lipid accumu-
lation while dialysis patients have calcified plaque
(32). Table 3. shows that albumin-corrected cal-
cium values were significantely elevated in the
group of patients with PTH>600 pg/ml (2.25+0.33
vs. 2.32+0.22, P<0.001) as well as in the group
with PTH<150 pg/ml (2.78+0.22 vs. 2.32+0.22,
p=0.001) compared with normal PTH level. This
speaks in favor that adynamic bone disease, with
increased levels of calcium and phosphorus, re-
presents a significant risk factor for mortality, re-
gardless of the low value of PTH. In the group of
patients with PTH<150 pg/ml was the highest
percentage of deaths, both from the overall and
cardiovascular mortality, but with no statistically
significant differences (Table 3.).

Numerous studies have emphasised the
connection between increased values of CaxP
product and reduced survival in patients with CKD.
The study of Ganesh et al. (33) have found a
linear relationship between CaxP product and
sudden cardiac death. Similarly, Block et al. (34)
have shown that the increase in CaxP product was
associated with a higher risk of the overall mor-
tality and all-cause hospitalization, while Young et
al. showed correlation with both general and
cardiovascular mortality (35), in patients on he-
modialysis. However, in predialysis patients the
product of CaxP remain an independent predictor
for cardiovascular morbidity, but also shows as-
sociation with hypertension, dyslipidemia, micro-
inflammation, hyperhomocysteinemia, LVH and
oxidative stress (36). In our study, 2-fold higher
risk of all-cause mortality (RR=2.00, p= 0.048)
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and even 3-fold higher risk of cardio-vascular mor-
tality (RR=3.03, p=0.039) was found in pa-tients
with CaxP levels above 4.50 mmol%/L? (Figure 2.G
and H). CaxP product was statistically higher in
patients with hyperparathyroidism (4.18 £0.79 vs.
3.12+0.93, p<0.001) and in patients with low
values of serum PTH (3.84%1.34 vs. 3.12+0.93,
p=0.011) (Table 3).

Despite significant progress in dialysis pro-
cedure improving and more accessible medical
therapy, the mortality rate in dialysis patients re-
mains unacceptably high. Management of pati-
ents undergoing hemodialysis is a complex pro-
sess, hence it requires a higher number of multi-
center studies the primary goal of which should be
a better understanding of pathophysiological me-
chanisms of cardiovascular events.

Conclusion

A three-year mortality rate of patients
undergoing hemodialysis was 36.02%, while half
of the patients died from cardiovascular disease.
Patients with hyperparathyroidism and elevated
calcium phosphorus product are at the highest
risk, both for all-cause and cardiovascular
mortality. Patients with hyperphosphatemia are at
higher risk for all-cause mortality.

Acknowledgemnt

This paper was supported by grant of Ministry of
Science and Technological Development - project
number IIT 41018.

References

1. U.S. Renal Data System: USRDS 2013 Annual Data
Report. Bethesda, MD: National Institutes of Health,
National Institute of Diabetes and Digestive and
Kidney Diseases; 2013.

2. de Jong PE, van der Velde M, Gansevoort RT, Zoccali
C. Screening for chronic kidney disease: where does
Europe go? Clin J Am Soc Nephrol 2008; 3(2):616-
23. [CrossRef] [PubMed]

3. Covic A, Kothawala P, Bernal M, Robbins S, Chalian
A, Goldsmith D. Systematic review of the evidence
underlying the  association between  mineral
metabolism disturbances and risk of all-cause
mortality, cardiovascular mortality and cardiovascular
events in chronic kidney disease. Nephrol Dial
Transplant 2009; 24(5):1506-23. [CrossRef] [PubMed]

4. Nube MJ]. The acute phase response in chronic
haemodialysis patients: a marker of cardiovascular
diseases. Nephrol Dial Transplant 2002; 17(3):19-23.
[CrossRef] [PubMed]

5. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY.
Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization. N Engl J
Med 2004; 351:1296-305. [CrossRef] [PubMed]

6. Longenecker JC, Coresh ], Powe NR, Powe NR, Levey
AS, Fink NE, Martin A, et al. Traditional
cardiovascular disease risk factors in dialysis patients
compared with the general population: the CHOICE
Study. J Am Soc Nephrol 2002; 13: 1918-27.
[CrossRef] [PubMed]

7. Zoccali C. Traditional and emerging cardiovascular
and renal risk factors: an epidemiologic perspective.
Kidney Int 2006; 70(1):26-33. [CrossRef] [PubMed]

8. Seibert E, Kuhimann MK, Levin NW. Modifiable risk
factors for cardiovascular disease in CKD patients.

Contrib Nephrol 2005; 149:219-29. [CrossRef
PubMed

9. Chertow GM, Burke SK, Raggi P; Treat to Goal
Working  Group. Sevelamer  attenuates the

progression of coronary and aortic calcification in

hemodialysis patients. Kidney Int 2002; 62(1):245-
52. [CrossRef] [PubMed]

10. Cannata-Andia JB, Carrera F. The Pathophysiology of
Secondary Hyperparathyroidism and the
Consequences of Uncontrolled Mineral Metabolism in
Chronic Kidney Disease: The Role of COSMOS. NDT
Plus 2008; 1(Suppl 1):29-35. [CrossRef] [PubMed]

11.London GM, Pannier B, Marchais SJ, Guerin AP.
Calcification of the aortic valve in the dialyzed
patient. J Am Soc Nephrol 2000; 11(4):778-83.
PubMed

12.Goodman WG. The consequences of uncontrolled
secondary hyperparathyroidism and its treatment in
chronic kidney disease. Semin Dial 2004; 17(3):209-
16. [CrossRef] [PubMed]

13. Middleton RJ, Parfrey PS, Foley RN. Left ventricular
hypertrophy in the renal patient. J Am Soc Nephrol
2001; 12(5):1079-84. [PubMed]

14. Roman-Garcia P, Carrillo-Lopez N, Cannata-Andia JB.
Pathogenesis of bone and mineral related disorders in
chronic kidney disease: Key role of
hyperphosphatemia. J Ren Care 2009; 35:34-8.
[CrossRef] [PubMed]

15. Cozzolino M, Pasho S, Fallabrino G, Olivi L, Gallieni M,
Brancaccio D. Pathogenesis of secondary
hyperparathyroidism. Int J Artif Organs 2009; 32:
75-80. [PubMed

16.Zoccali C, Bode-Boger S, Mallamaci F, Benedetto F,
Tripepi G, Malatino L, et al. Plasma concentration of
asymmetrical dimethylarginine and mortality in
patients with end-stage renal disease: a prospective
study. Lancet 2001; 358(9299):2113-7. [CrossRef

17.Wang AY, Lam CW, Chan IH, Wang M, Lui SF,
Sanderson JE. Long-term mortality and
cardiovascular risk stratification of peritoneal dialysis
patients using a combination of inflammation and
calcification markers. Nephrol Dial Transplant 2009;
24(12):3826-33. [CrossRef] [PubMed]

18. Mallamaci F, Tripepi G, Cutrupi S, Malatino LS,

43


http://dx.doi.org/10.2215/CJN.04381007
http://www.ncbi.nlm.nih.gov/pubmed?term=18287253
http://dx.doi.org/10.1093/ndt/gfn613
http://www.ncbi.nlm.nih.gov/pubmed?term=19001560
http://dx.doi.org/10.1093/ndt/17.suppl_3.19
http://www.ncbi.nlm.nih.gov/pubmed?term=11912295
http://dx.doi.org/10.1056/NEJMoa041031
http://www.ncbi.nlm.nih.gov/pubmed?term=15385656
http://dx.doi.org/10.1097/01.ASN.0000019641.41496.1E
http://www.ncbi.nlm.nih.gov/pubmed?term=12089389
http://dx.doi.org/10.1038/sj.ki.5000417
http://www.ncbi.nlm.nih.gov/pubmed?term=16723985
http://dx.doi.org/10.1159/000085647
http://www.ncbi.nlm.nih.gov/pubmed?term=15876846
http://dx.doi.org/10.1046/j.1523-1755.2002.00434.x
http://www.ncbi.nlm.nih.gov/pubmed?term=12081584
http://dx.doi.org/10.1093/ndtplus/sfm037
http://www.ncbi.nlm.nih.gov/pubmed?term=25983952
http://www.ncbi.nlm.nih.gov/pubmed?term=10752538
http://dx.doi.org/10.1111/j.0894-0959.2004.17308.x
http://www.ncbi.nlm.nih.gov/pubmed?term=15144547
http://www.ncbi.nlm.nih.gov/pubmed?term=11316868
http://dx.doi.org/10.1111/j.1755-6686.2009.00050.x
http://www.ncbi.nlm.nih.gov/pubmed?term=19222729
http://www.ncbi.nlm.nih.gov/pubmed?term=19363778
http://dx.doi.org/10.1016/S0140-6736(01)07217-8
http://dx.doi.org/10.1093/ndt/gfp325
http://www.ncbi.nlm.nih.gov/pubmed?term=19574337

Assosiation between parameters of mineral bone metabolism...

Branislav Apostolovic et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

44

Zoccali C. Prognostic value of combined use of
biomarkers of inflammation, endothelial dysfunction,
and myocardiopathy in patients with ESRD. Kidney
Int 2005; 67(6):2330-7. [CrossRef] [PubMed]

Fernandez-Martin JL, Carrero 1], Benedik M, Bos WJ,
Covic A, Ferreira A, et al. COSMOS: the dialysis
scenario of CKD-MBD in Europe. Nephrol Dial
Transplant 2013; 28(7):1922-35. [CrossRef] [PubMed]
Floege ], Kim J, Ireland E, Chazot C, Drueke T, de
Francisco A, et al; ARO Investigators. Serum iPTH,
calcium and phosphate, and the risk of mortality in a

European haemodialysis population. Nephrol Dial
Transplant  2011; 26(6):1948-55. CrossRef
PubMed

Rayner HC, Pisoni RL, Bommer J, Canaud B, Hecking
E, Locatelli F, et al. Mortality and hospitalization in
haemodialysis patients in five European countries:
results from the Dialysis Outcomes and Practice
Patterns Study (DOPPS). Nephrol Dial Transplant
2004; 19:108-20. [CrossRef] [PubMed]

Pelletier S, Roth H, Bouchet JL, Drueke T, London G,
Fouque D; French Phosphorus and Calcium
Observatory investigators. Mineral and bone disease
pattern in elderly haemodialysis patients. Nephrol
Dial Transplant 2010; 25(9):3062-70. [CrossRef
PubMed

Mazzaferro S, Brancaccio D, Messa P, Andreucci VE,
Bellinghieri G, Bigazzi R, et al; FARO Study Group.
Management of secondary hyperparathyroidism in
Italy: results of the Italian FARO survey. J Nephrol
2011; 24(2):225-35. [CrossRef] [PubMed]

Middleton RJ, Parfrey PS, Foley RN. Left ventricular
hypertrophy in the renal patient. J Am Soc Nephrol
2001; 12:1079 -84. [PubMed

Sood MM, Pauly RP, Rigatto C, Komenda P. Left
ventricular  dysfunction in the haemodialysis
population. NDT Plus 2008; 4:199-205. [CrossRef
PubMed

Foley RN, Parfrey PS. Cardiac disease in chronic
uremia: clinical outcome and risk factors. Adv Ren
Replace Ther 1997; 4(3):234-48. [PubMed

Piovesan A, Molineri N, Casasso F, Emmolo I,
Ugliengo G, Cesario F, et al. Left ventricular
hypertrophy in primary hyperparathyroidism. Effects

28.

29.

30.

31.

32.

33.

34

35.

36.

of successful parathyroidectomy. J Clin Endocrinol
1999; 50:321-8. [CrossRef] [PubMed]

Park CW, Oh YS, Shin YS, Kim CM, Kim YS, Kim SY,
et al. Intravenous calcitriol regress myocardial
hypertrophy in hemodialysis patients with secondary
hyperparathyroidism. Am J Kidney Dis 1999; 33:73-
81. [CrossRef

Nappi S, Saha H, Virtanen V, Limnell V, Sand ], Salmi
J, et al. Left ventricular structure and function in
primary hyperparathyroidism before and after
parathyroidectomy. Cardiology 2000; 93(4):229-33.
PubMed

Toussaint ND, Kerr PG. Vascular calcification and
arterial stiffness in chronic kidney disease:
implications and management. Nephrology (Carlton)
2007;12(5):500-9. [CrossRef] [PubMed]

Derici U, El Nahas AM. Vascular calcifications in
uremia: old concepts and new insights. Semin Dial
2006; 19(1):60-8. [CrossRef] [PubMed]

Schwarz U, Buzello M, Ritz E, Stein G, Raabe G,
Wiest G, et al. Morphology of coronary atherosclerotic
lesions in patients with end-stage renal failure.
Nephrol Dial Transplant 2000; 15(2):218-23.
[CrossRef] [PubMed]

Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T,
Port FA. Association of elevated serum PO(4),
CaxPO(4) product, and parathyroid hormone with

cardiac mortality risk in chronic hemodialysis
patients. J Am Soc Nephrol 2001; 12:2131-8.
PubMed

.Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie

EG, Chertow GM. Mineral metabolism, mortality, and
morbidity in maintenance hemodialysis. J Am Soc
Nephrol 2004; 15:2208-18. [CrossRef] [PubMed]
Young EW, Albert IJM, Satayathum S, Goodkin DA,
Pisoni RL, Akiba T, et al. Predictors and consequences
of altered mineral metabolism: the Dialysis Outcomes
and Practice Patterns Study. Kidney Int 2005;
67:1179-87. [CrossRef] [PubMed]

Regmi P, Malla B, Gyawali P, Sigdel M, Shrestha R,
Shah DS, et al. Product of serum calcium and
phosphorus (CaxPO4) as predictor of cardiovascular
disease risk in predialysis patients. Clin Biochem
2014; 47(1-2):77-81. [CrossRef] [PubMed]



http://dx.doi.org/10.1111/j.1523-1755.2005.00338.x
http://www.ncbi.nlm.nih.gov/pubmed?term=15882276
http://dx.doi.org/10.1093/ndt/gfs418
http://www.ncbi.nlm.nih.gov/pubmed?term=23166310
http://dx.doi.org/10.1093/ndt/gfq219
http://www.ncbi.nlm.nih.gov/pubmed?term=20466670
http://dx.doi.org/10.1093/ndt/gfg483
http://www.ncbi.nlm.nih.gov/pubmed?term=14671046
http://dx.doi.org/10.1093/ndt/gfq128
http://www.ncbi.nlm.nih.gov/pubmed?term=20237058
http://dx.doi.org/10.5301/JN.2010.6193
http://www.ncbi.nlm.nih.gov/pubmed?term=21188680
http://www.ncbi.nlm.nih.gov/pubmed?term=11316868
http://dx.doi.org/10.1093/ndtplus/sfn074
http://www.ncbi.nlm.nih.gov/pubmed?term=25983883
http://www.ncbi.nlm.nih.gov/pubmed?term=9239428
http://dx.doi.org/10.1046/j.1365-2265.1999.00651.x
http://www.ncbi.nlm.nih.gov/pubmed?term=10435057
http://dx.doi.org/10.1016/S0272-6386(99)70260-X
http://www.ncbi.nlm.nih.gov/pubmed?term=11025348
http://dx.doi.org/10.1111/j.1440-1797.2007.00823.x
http://www.ncbi.nlm.nih.gov/pubmed?term=17803475
http://dx.doi.org/10.1111/j.1525-139X.2006.00120.x
http://www.ncbi.nlm.nih.gov/pubmed?term=16423183
http://dx.doi.org/10.1093/ndt/15.2.218
http://www.ncbi.nlm.nih.gov/pubmed?term=10648668
http://www.ncbi.nlm.nih.gov/pubmed?term=11562412
http://dx.doi.org/10.1097/01.ASN.0000133041.27682.A2
http://www.ncbi.nlm.nih.gov/pubmed?term=15284307
http://dx.doi.org/10.1111/j.1523-1755.2005.00185.x
http://www.ncbi.nlm.nih.gov/pubmed?term=15698460
http://dx.doi.org/10.1016/j.clinbiochem.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed?term=24064489

Acta Medica Medianae 2015, Vol.54(4) Assosiation between parameters of mineral bone metabolism...

Originalni rad UDC: 616.61-78:616.71-008
d0i:10.5633/amm.2015.0406

POVEZANOST PARAMETARA MINERALNO-KOSTANOG
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Pored tradicionalnih faktora rizika koji uticu na etiopatogenezu kardiovaskularnih
bolesti, bolesnici na hemodijalizi su izlozeni i metabolickim faktorima, gde pored
malnutricije, mikroinflamacije i oksidativhog stresa, znacajnu ulogu ima i poremecaj
mineralno-kostanog metabolizma.

Cilj rada bilo je trogodisnje pracenje prezivljavanja i analiza povezanosti para-
metara mineralno-koStanog metabolizma sa prezivljavanjem bolesnika na hroni¢nom
programu hemodijalize.

Tokom 36 meseci praceno je 186 bolesnika, 115 muskaraca i 71 Zzena, prosec¢ne
starosti 61,47+12,42 godine. Belezen je datum smrti, neposredni uzrok smrti i analizirani
parametri mineralno-kostanog metabolizma.

Preminulo je 67 bolesnika, kod 33 bolesnika (49.25%) neposredni uzrok smrti bio
je kardiovaskularni dogadaj. Od ukupnog broja umrlih, samo njih 11,9% imalo je ciljne
vrednosti PTH-a. Bolesnici sa vrednostima PTH>600 pg/ml su u povec¢anom riziku za
opsti mortalitet (RR=0,48, 95% CI (0,24-0,95), p=0,04), ali i za kardiovaskularni
mortalitet (RR=0,34, 95% CI (0,12-0,93), p=0,034). Ovi bolesnici imaju znacajno vece
vrednosti fosfora u poredenju sa bolesnicima koji imaju normalne vrednosti PTH-a
(1,72+0,42 vs. 1,39+0,36, p=0,032). Vrednosti fosfora vece od 2,10 mmol/L povecéavaju
relativni rizik za ops$tu smrtnost za 60% (RR=0,59, 95% CI (0,35-0,89), p=0,049).
Bolesnici sa vrednostima proizvoda CaxP>4,50 mmol?/L? imaju dva puta veéi rizik za
opstu smrtnost od bolesnika sa normalnim vrednostima CaxP (RR=2,00, 95% CI (0,92~
4,36), p=0,048) i Cak tri puta vedi rizik za kardiovaskularni mortalitet (RR=3,03, 95% CI
(0,71-1,29), p=0,039).

TrogodiSnja stopa smrtnosti bolesnika na hroniénom programu hemodijalize je
36,02%, polovina od ukupnog broja bolesnika umire od kardiovaskularnih bolesti.
Bolesnici sa hiperparatireoidizmom i oni sa poviSenim vrednostima proizvoda kalcijum
fosfora imaju najvedi rizik, kako za opstu tako i za kardiovaskularnu smrtnost, dok
bolesnici sa hiperfosfatemijom imaju poveéan rizik od opste smrtnosti. Acta Medica
Medianae 2015;54(4):37-45.

Kljuéne reci: hemodijaliza, prezZivljavanje, kardiovaskularni mortalitet, mineralno-
kostani metabolizam
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