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ABSTRACT

Aim To determine risk factors associated with the development 
and severity of secondary hyperparathyroidism in dialysis patients.

Methods A cross-sectional study at the Clinical Centre of the Uni-
versity of Tuzla (March 2022) included 104 adult patients (ma-
les 51.9%, females 48.1%) with chronic kidney diseases under 
dialysis treatment. Based on parathyroid hormone (PTH) valu-
es, patients were divided into two groups: study group (45/104, 
PTH >792pg/mL) and control group (59/104, PTH 176-792 pg/
mL). The analysis aimed to resolve whether there was a connecti-
on between the duration of dialysis, the type of therapy treatment 
administered, the underlying kidney disease, and the presence of 
comorbidities with the values   of PTH, and a wide spectrum of mo-
nitored laboratory parameters.

Results The most common causes of chronic renal failure were 
undefined kidney diseases (32.7%), followed by diabetic nephro-
pathy (18.3%) and chronic glomerulonephritis (16.3%). In the exa-
mined biochemical parameters, a significant difference was found 
in mean values   of alkaline phosphatase (p<0.001). The correlation 
was proved between the duration of dialysis (p=0.028), the values 
of phosphorus   (p=0.031), and alkaline phosphatase (p<0.001) with 
absolute values   of PTH. The most common present comorbidity 
was hypertension (78.8%), followed by cardiovascular diseases 
(40.4%) and diabetes (22.1%).

Conclusion A number of factors contribute to the development 
and severity of SHPT. Modulation of therapy and better control of 
risk parameters can prolong and reduce the frequency of SHPT in 
dialysis patients, as well as the occurrence of comorbidities.

Key words: alkaline phosphatase, calcium, chronic kidney disea-
ses, parathyroid hormone, phosphorus
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INTRODUCTION

Chronic kidney disease (CKD) is a major pu-
blic health concern. It is defined by pathological 
changes in renal structure and function with re-
duced glomerular filtration rate (GFR) for at le-
ast three months (1). Progressive loss of kidney 
function leads to an end-stage renal disease (kid-
ney failure), which further leads to dialysis and 
kidney transplantation. The course of a chronic 
kidney disease is accompanied by a number of 
complications, affecting all organ systems (2).
The CKD is the most common cause of secon-
dary hyperparathyroidism (SHPT), but also 
conversely, SHPT is one of the most common 
complications in these patients (3). The SHPT 
occurs as an adaptive pathophysiological process 
as a response to the aggravation of renal insuffi-
ciency. It is characterised by elevated levels of 
parathyroid hormone (PTH) in the blood, bone 
and mineral metabolism disorder, primarily cal-
cium and phosphorus (hyperphosphatemia and 
hypocalcaemia) as the basic characteristics of 
advanced CKD (4). It is related to an increased 
morbidity and mortality, and has a negative effect 
on the quality of life of patients with CKD (5). 
Chronic SHPT is associated with several compli-
cations, the most common of which are bone and 
mineral metabolism disorders in kidney diseases 
and progressive cardiovascular diseases (6). Mi-
neral and bone metabolism disorder in chronic 
kidney disease (CKD-MBD) includes disorders 
of calcium, phosphorus, PTH and/or vitamin D, 
along with disorders of metabolism and bone 
partitioning with changes in mineralization, line-
ar growth, strength and volume of bone tissue, 
as well as calcification of blood vessels and soft 
tissues, which is why CKD-MBD is one of the 
main indicators of increased morbidity and mor-
tality in haemodialysis patients (7-9).
Over the past several years, clinical studies have 
shown that by regulating PTH levels and con-
trolling mineral homeostasis (calcium, phospho-
rus, the product of calcium and phosphorus), mor-
bidity and mortality in patients with SHPT can 
be reduced (10-12). Current treatment options are 
related to modulation of calcium and phospho-
rus balance by haemodialysis, appropriate food 
intake, phosphorus binders, vitamin D analogues, 
and new calcimimetics, which reduce PTH valu-

es alone or in combination with calcitriol (13). 
Patients whose elevated PTH values   cannot be 
regulated by medication treatment undergo sur-
gical removal of the parathyroid gland (14). 
In addition to the three well-known risk factors 
(disturbed calcium and phosphorus metabolism 
and reduced vitamin D values), numerous other 
factors contribute to the development of SHPT: 
anaemia, acidosis, inflammation, as well as co-
morbidities such as cardiovascular diseases and 
diabetes (15). Likewise, SHPT represents a risk 
factor for the development of these diseases. 
Complex interactions of these risk factors with 
SHPT are still unclear and their early identifica-
tion could help in prevention and treatment of 
SHPT in CKD dialysis patients (16).
The aim of this research was to determine the 
risk factors associated with the development and 
severity of secondary hyperparathyroidism in di-
alysis patients undergoing to the treatment at the 
Haemodialysis Department of the Clinical Centre 
of the University of Tuzla.

PATIENTS AND METHODS 

Patients and study design

This cross-sectional study at the Clinical Centre 
of the University of Tuzla (March 2022) included 
104 patients with chronic kidney disease (≥ 18 ye-
ars, both genders) who underwent haemodialysis 
treatment for at least 3 months, who met the clini-
cal practice guidelines for chronic kidney disease 
(1). Exclusion criteria were the patients who had 
bleeding or received a transfusion in the last three 
months, severe infection in the last three months, 
confirmed HIV infection, primary liver diseases, 
tumours or autoimmune diseases, primary hyper-
parathyroidism and parathyroidectomy.
Based on the values of parathyroid hormones, 
patients were divided into two groups: study gro-
up - patients with SHPT whose PTH values were   
above the recommended values   according to the 
National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative (NKF K/DOQI) gu-
idelines, which indicate that PTH reference range 
in dialysis patients is 2-9 times above the upper 
limit of normal values   for the healthy population 
(>792 pg/mL)(17) and control group - patients 
whose PTH values were   within the recommen-
ded reference values   (176-792pg/mL). 
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It was analysed whether there is a connecti-
on between the duration of dialysis, the type of 
therapy treatment administered, the underlying 
kidney disease and the presence of comorbidi-
ties with the values   of laboratory tests in these 
patients. Risk factors affecting the development 
of SHPT in chronic renal dialysis patients were 
analysed and identified, as well as a possible re-
lationship between SHPT and its complications, 
primarily cardiovascular diseases. 
This study was carried out in accordance with 
ethical guidelines as part of a project approved 
by the Clinical Centre of the University of Tuzla.

Methods

Data from the patients' medical records and la-
boratory information system were used. The 
following data were taken from medical history 
of dialysis patients: basic demographic data 
for each patient (age, gender), and clinical data 
including underlying kidney disease, duration of 
dialysis, presence of comorbidities (hypertensi-
on, cardiovascular diseases, diabetes), as well as 
therapy administered in the last three months. 
The values   of the following laboratory tests were 
taken from the laboratory information system: 
urea, creatinine, calcium, phosphorus, alkaline 
phosphatase, total protein, albumin, cholesterol, 
triglycerides, low density lipoprotein (LDL), 
high density lipoprotein (HDL), c-reactive prote-
in (CRP), HbA1C, number of leukocytes, number 
and percentage of neutrophils, number and per-
centage of lymphocytes, neutrophil/lymphocyte 
ratio, haematocrit, haemoglobin, ferritin, tran-
sferrin, vitamin D, PTH. 
Quantitative determination of serum intact PTH 
was measured with a 2-site sandwich immunoa-
ssay using direct chemiluminometric technology, 
which uses constant amounts of 2 anti-human 
PTH antibodies on ADVIA Centaur XP system 
(Siemens). The first antibody is a monoclonal 
mouse anti-human PTH (N-terminal) antibody 
labelled with acridinium ester, and the second an-
tibody is a biotinylated monoclonal mouse anti-
human PTH (C-terminal) antibody that is bound 
to streptavidin-coated paramagnetic latex par-
ticles. These assay measures intact PTH concen-
tration from 6.3-2000 pg/mL, with recommended 
serum reference range for adults apparently he-
althy individuals from 18.5-88.0 pg/mL.

Statistical analysis

Standard methods of descriptive statistics (frequ-
ency, range, median, arithmetic mean, standard 
deviation) were used. The distribution of varia-
bles was determined using QQ and PP graphs, 
and Shapiro-Wilk and Kolmogorov-Smirnov 
normality tests. The results were shown as mean 
values with standard deviation (SD) in case of 
normal distribution, and in case of non-normal 
distribution, as median with interquartile range. 
Parametric and non-parametric tests (Student's 
t-test, Mann-Whitney test, Fisher's test and χ2 
test) were used to test the statistical significan-
ce of the difference between samples. Pearson's 
and Spearman's correlation coefficient, logistic 
regression, ANOVA and Kruskal Wallis test were 
used to determine the linear correlation between 
the duration of dialysis, the type of therapy tre-
atment, and the type of underlying kidney disease 
with the values   of the laboratory tests. Pearson's 
and Spearman's correlation coefficient was used 
to determine the linear correlation between PTH 
and the values   of other examinations and tests 
(with Kruskal Wallis and Wilcoxon-Mann Whit-
ney test for distribution). The difference between 
the samples was considered significant if p<0.05.

RESULTS 

Of the total number of patients who underwent 
haemodialysis treatment at the Clinical Centre 
of the University of Tuzla due to chronic renal 
failure at the time of the study (March 2022), 
57% (59/104) had target PTH values   for dialysis 
patients (176-792 pg/mL) and they made up the 
control group, while 43% (45/104) had PTH va-
lues   outside the recommended range (>792 pg/
mL) and they made up the study group. 
The study group had mean value of PTH 
1439.4(±557.9) vs. control group 407.9 (±157.2) 
(p<001).
The mean age of all patients was 58.6 (±13.9) 
years. The youngest patient was 18 and the oldest 
88. The study group had a lower mean age than 
the control group, 55.3(±14.0) and 61.1(±14.2), 
respectively (p=0.041) (Table 1). 
The duration from the beginning of dialysis treat-
ment ranged from 4 to 430 months with the av-
erage duration of dialysis in all patients of 83.7 
(±85.1). The study group spent an average of 
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27.4 months longer under dialysis treatment than 
the control group (Table 1).
The most common cause of chronic renal failu-
re in both groups was undefined kidney disease, 
followed by diabetic nephropathy and chronic 
glomerulonephritis, without significant differen-
ces between groups. Also, some comorbidities 
were presented in the majority of patients, most 
common of which was hypertension, followed 
by cardiovascular diseases and diabetes. Pati-
ents were treated with different combination of 
therapy (Table 1).

The duration of dialysis for all patients was re-
lated to the concentration of alkaline phospha-
tase (r=0.216, p=0.032), albumin (r=-0.268; 
p=0.008), HbA1C values   (r=-0.341; p<0.001), 
ferritin (r=0.262; p=0.009), as well as PTH 
values   (r=0.176; p=0.044). In relation to the 
underlying disease that led to chronic renal fa-
ilure, a significant difference was found in the 
mean age (p=0.012) and values   of creatinine 
(p=0.026), as well as HbA1C (p=0.001) for all 
patients (data not shown).

Variable Categories Control group n=59
(PTH=176-792)

Study group 45
 (PTH > 92) Total p

Mean age (SD) (years) 61.1 (14.2) 55.3 (13.9) 58.6 (14.3) 0.041
Mean duration of dialysis (SD) (months) 72.0 (80.3) 99.5 (89.7) 83.7(85.1) 0.018

No (%) of patients

Gender
Male 28 (47.5) 26 (57.8) 54 (51.9)

0.327
Female 31 (52.2) 19 (42.2) 50 (48.1)

Underlying kidney disease

Autoimmune diseases 3 (5.1) 4 (8.9) 7 (6.7)

0.138

Diabetic nephropathy 15 (25.4) 4 (8.9) 19(18.3)
Glomerulonephritis chronic 10 (16.9) 7 (15.6) 17 (16.3)
Hypertensive kidney disease 2 (3.4) 7 (15.6) 9 (8.7)

Undefined kidney disease 18 (30.5) 16 (35.6) 34 (32.7)
Polycystic kidney disease 3 (5.1) 3 (6.7) 6 (5.8)

Hypertension
Yes 8 (13.6) 4 (8.9) 12 (11.5)

0.190No 13 (14.6) 12 (25.0) 25 (18.2)
No data 1 (1.1) 1 (2.1) 2 (1.5)

Cardiovascular diseases

Heart anomalies 2 (3.4) 2 (4.4) 4 (3.8)

0.942

Hypertensive heart disease 7 (11.9) 4 (8.9) 11 (10.6)
Stroke 4 (6.8) 5 (11.1) 9 (8.7)

Myocardial infarct 5 (8.5) 2 (4.4) 7 (6.7)
Ischemic heart disease 7 (11.9) 4 (8.9) 11 (10.6)

No 32 (54.2) 26 (57.8) 58 (55.8)
No data 2 (3.4) 2 (4.4) 4 (3.8)

Yes 18 (30.5) 5 (11.1) 23 (22.1)

Diabetes
No 40 (67.8) 39 (86.7) 79 (76.0) 0.035

No data 1 (1.7) 1 (2.2) 2 (1.9)

Other diseases
Yes 17 (28.8) 18 (40.0) 35 (33.7)

0.426No 40 (67.8) 25 (55.6) 65 (62.5)
No data 2 (3.4) 2 (4.4) 4 (3.8)

Erythropoietin
Yes 52 (88.1) 37 (82.2) 89 (85.6)
No 7 (11.9) 8 (17.8) 15 (14.4) 0.414

Calcium preparations pills (1gr)
2x1 17 (28.8) 8 (17.8) 25 (24.0)
3x1 7 (11.9) 5 (11.1) 12 (11.5) 0.423
No 35 (59.3) 32 (71.1) 67 (64.4)

Calcimimetics (30mg)
1x1 2(3.4) 6 (13.3) 8 (7.7)
No 57 (96.6) 39 (86.7) 96 (92.3) 0.074

Vitamin D analoguse pills (1µg)
3x2 1 (1.7) 23 (51.1) 24 (23.1)
No 58 (98.3) 22 (48.9) 80 (76.9) <0.001

Vitamin D analogues amp  (5 µg)
3x1 0 11 (24.4) 11 (10.6)
No 59 (100) 34 (75.6) 93 (89.4) <0.001

Active vitamin D     (0.25 µg)
1x1 12 (20.3) 1 (2.2) 13 (12.5)
2x1 14 (23.7) 14 (31.1) 28 (26.9) 0.019
No 33 (55.9) 30 (66.7) 63 (60.6)

Phosphate binders (800mg)
2x1 6 (10.2) 15 (33.3) 21 (20.2)
3x1 10 (16.9) 14 (31.1) 24 (23.1) <0.001
No 43 (72.9) 16 (35.6) 59 (56.7)

Table 1. Demographic and clinical characteristics of 104 patients with chronic kidney disease

SD, standard deviation;
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In the examined biochemical parameters, a si-
gnificant difference between groups was found 

in the mean value   of alkaline phosphatase and 
HbA1c (Table 2). 

Parameter (reference value) Control group (PTH=176-792)
 N=59; Mean (SD or 95% CI*)

Study group (PTH>792)
N=45 Mean (SD or 95% CI*) p

Urea (2.1-7.1) (mmol/L) 24.1 (8.3) 25.2 (6.7) 0.455
Creatinine(M:80-115; F:53-97) (µmol/L) 784.4 (213.9) 858.3 (244.9) 0.104
Calcium (2.15-2.50) (mmol/L) 2.18 (0.24) 2.13 (0.18) 0.298
Phosphorus (0.87-1.45) (mmol/L) 1.70 (0.54) 1.84 (0.55) 0.216
Alkaline phosphatase (40-150) (U/L) 71.0 (50.0) 112.0 (121.0) <0.001
Total proteins (66-81) (g/L) 67.5 (5.4) 67.9 (5.8) 0.686
Albumin(35-52) (g/L) 39.4 (4.6) 38.2 (3.2) 0.134
Cholesterol (<5.18) (mmol/L) 4.47 (1.12) 4.28 (1.07) 0.387
Triglyceride (<1.7) (mmol/L) 1.77 (1.99) 1.86 (1.32) 0.202
Low density lipoprotein) (<3.37) (mmol/L) 2.67 (0.94) 2.50 (0.92) 0.374
High density lipoprotein (≥1.55) (mmol/L) 0.92 (0.24) 1.00 (0.29) 0.122
C-reactive protein (<5.0) (mg/L) 5.6 (10.8) 6.0 (12.0) 0.213
HbA1c (<6.5) (%) 5.3 (1.2) 4.9 (0.40) 0.018
Leukocytes  (3.4-9.7) (x109/L) 6.8 (1.9) 6.2 (2.2) 0.151
Neutrophils (2.06-6.49 ) (x109/L) 4.46 (1.71) 3.96 (1.75) 0.152
Percentage of neutrophils(44-2) 64.7 (8.9) 63.5 (9.15) 0.500
Lymphocytes (1.19-3.35) (x109/L) 1.39 (0.52) 1.39 (0.64) 0.986
Percentage of lymphocytes (20-46) 21.8 (12.45) 22.6 (11.20) 0.369
Neutrophils/ lymphocytes ratio 2.98 (2.16) 2.82 (2.00) 0.379
Haematocrit (M:0.415-0.530; F:0.356-0.470) (L/L) 0.319 (0.056) 0.324 (0.065) 0.693
Haemoglobin (M:138-175; F:119-157) (g/L) 106.8 (18.6) 108.5 (21.8) 0.664
Ferritin (M:22-322; F:10-291) (µg/L) 494.9 (475.8) 512.9 (514.7) 0.806
Vitamin D(nmol/L) (>75) 24.2 (11.9) 23.2 (7.9) 0.997
PTH (18.5-88) (pg/mL) 407.9 (157.2) 1439.4 (557.9) <0.001

Table 2. Laboratory findings in dialysis patients with secondary hyperparathyroidism

*SD or CI depending of data distribution and statistical test used SD, standard deviation; CI, confidence interval; M, male; F, female; PHT, 
parathyroid hormone;

The correlation was proved between the duration of 
dialysis, measured phosphorus values   (p=0.010), 
the values of alkaline phosphatase (p=0.001), 
HbA1C and diabetes as underlying disease, as well 
as administered therapy (calcimimetics, vitamin 
D and phosphate binders) with absolute values   of 
PTH, for all patients (Table 3). In the study group 
the correlation was proved between the mean va-
lues of alkaline phosphatase (r=0.380; p=0.010), 
mean neutrophil percentage (r= 0.309; p=0.039), 
number of lymphocytes (r=-0.306; p=0.041), per-
centage of lymphocytes (r=-0.373; p=0.012), and 
neu/lympho ratio (r=0.413; p=0.005) with mea-
sured values of PTH (data not shown). 

DISCUSSION

The diagnosis and treatment of SHPT are com-
plex, but setting and maintaining PTH target va-
lues the basis for it. The very development and 
progression of SHPT in dialysis patients depends 
on numerous factors and is associated with nume-
rous pathophysiological mechanisms (3). Along 
with deterioration of renal function, depending 
on the stage of CKD, SHPT is found in 20-80% 
of patients (18,19). Our study also showed that a 

large number of dialysis patients (43%), despi-
te the administered therapy, still develop SHPT 
(with PTH values   above recommended for di-
alysis patients), which is somewhat correlated 
with data from previous studies that showed a 
slightly higher prevalence of SHPT, which can 
be explained by the lower reference values   for 
PTH used in these studies (18,19). 
In our study, undefined kidney disease was the 
most common cause of chronic renal failure, 
followed by diabetic nephropathy and chronic glo-
merulonephritis, which is not entirely consistent 
with the results of other studies (5,16,20). This can 
be explained by the fact that biopsies on all pati-
ents with CKD were not performed in our centre in 
previous years, which is the reason for the lack of 
definitive pathohistological confirmation of the di-
agnosis of an underlying disease. The relationship 
between the underlying kidney disease and PTH 
values   was not proven. Similar results were obtai-
ned in a study by Yudan Wei et al. (16).
Most of the patients in our study were elderly, 
but the incidence of SHPT did not increase with 
age. Although some studies have shown that the 
female gender is more prevalent, due to the influ-
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ence of estrogen on the expression of mRNA for 
PTH in the parathyroid gland cells (16,21), the 
results of our study did not confirm this. 
Hyperphosphatemia plays a significant role in the 
development of SHPT. Although the sensor for 
the secretion of extracellular phosphorus is still 
unknown, the phagocytic growth factor (FGF23) 
is believed to participate in the regulation of 
phosphorus and vitamin D (22). Numerous epi-
demiological studies have shown a connection 
between hyperphosphatemia and accelerated de-
terioration of renal function, and that phosphorus 
retention in serum is one of the most important 
factors in the development of SHPT (23-25). 
Most of our patients also had elevated values of 
phosphorus in blood, especially in the group with 
SHPT, but without statistically significant diffe-
rences by group. It can be explained by the fact 

that patients in the study group took significantly 
more phosphate binders and vitamin D analo-
gues. Similar results were obtained in numerous 
other studies (26-28).
Hyperphosphatemia also lowers the level of ioni-
zed calcium and interferes with the production of 
calcitriol, which results in increased secretion of 
PTH (22). Serum calcium is an important factor 
affecting PTH levels (29). Although it was not 
confirmed by the results of our study, the corre-
lation between phosphorus and calcium values   
with increased secretion of PTH in dialysis pa-
tients was also shown in other studies (30-32). 
A possible explanation lies in the fact that most 
SHPT patients are on medications with prepara-
tion of vitamin D, which causes increased absor-
ption of calcium from the intestines and mobi-
lization of calcium from the bones, so a certain 
number of patients may even have hypercalcemia 
with hyperphosphatemia.
In addition to standard traditional and non-tradi-
tional cardiovascular risk factors, CKD itself is 
associated with an increased risk of cardiovas-
cular diseases acting through its specific uremic 
factors (anemia, hyperphosphatemia, SHPT, en-
dothelial dysfunction) (8). 
The majority of our patients also developed some 
of the complications, and the most common were 
cardiovascular diseases, which is in accordance 
with the reference data (33,34). In our study pa-
tients with higher PTH values   (study group) did 
not have more cardiovascular diseases, which 
was the opposite of what was expected. The pro-
bable reason for these results was that patients in 
the study group were significantly younger com-
pared to the control group and had fewer patients 
with diabetes.
Although it is not expected, the majority of our 
patients with diagnosed diabetes had HbA1C va-
lues   within reference values, which is related to a 
decrease in the concentration of total haemoglo-
bin in these patients, which is also reflected in the 
measured HbA1C values (35.) 
Normocytic normochromic anaemia is a regular 
and permanent companion of CKD, and is pre-
sent in more than 90% of patients treated with di-
alysis (36,37). It is believed that PTH itself acts as 
a uremic toxin that directly affects bone marrow 
suppression (reduces erythrocyte production), 
increases erythrocyte fragility and shortens their 

Parameter (reference value) Correlation p
Urea (2.1-7.1) (mmol/L) r= -0.013 0.892
Creatinine (M:80-115; F:53-97) (µmol/L) r= -0.050 0.614
Calcium (2.15-2.50) (mmol/L) r= -0.045 0.650
Phosphorus (0.87-1.45) (mmol/L) r= 0.213 0.031
Alkaline phosphatase (40-150) (U/L) r= 0.460 <0.001
Total proteins (66-81) (g/L) r= 0.050 0.617
Albumin(35-52) (g/L) r= 0.134 0.177
Cholesterol (<5.18) (mmol/L) r= -0.076 0.443
Triglyceride (<1.7) (mmol/L) r= -0.147 0.139
Low density lipoprotein) (<3.37) (mmol/L) r= -0.106 0.289
High density lipoprotein (≥1.55) (mmol/L) r= 0.158 0.114
C-reactive protein (<5.0) (mg/L) r= -0.067 0.498
HbA1c (<6.5) (%) r= -0.208 0.039
Leukocytes  (3.4-9.7) (x109/L) r= -0.173 0.079
Neutrophils (2.06-6.49 ) (x109/L) r= -0.127 0.199
Percentage of neutrophils (44-2) r= 0.058 0.557
Lymphocytes (1.19-3.35) (x109/L) r= -0.114 0.247
Percentage of lymphocytes (20-46) r= 0.044 0.657
Neutrophils/ lymphocytes ratio r= -0.020 0.839
Haematocrit (M:0.415-0.530; F:0.356-0.470) (L/L) r= 0.062 0.529
Haemoglobin (M:138-175; F:119-157) (g/L) r= 0.048 0.626
Ferritin (M:22-322; F:10-291) (µg/L) r= -0.012 0.900
Vitamin D(nmol/L) (>75) r= -0.049 0.647
Age (years) r= -0.165 0.095
Duration of dialysis (months) r= 0.221 0.028
Underlying kidney disease H=7.388 0.286
Hypertension U=650 0.152
Cardiovascular diseases H=0.707 0.994
Diabetes U=647 0.036
Other diseases U=1038 0.472
Erythropoietin U=594 0.496
Calcium  preparations pills (1gr) H=1.643 0.440
Calcimimetics (30mg) U=214 0.038
Vitamin D analogues pills (1µg) U=282 <0.001
Vitamin D analogues amp  (5 µg) U=113 <0.001
Active vtamin D (0.25 µg) H=10.852 0.004
Phosphate binders (800mg) H=21.776 <0.001

Table 3. Correlation of examined variables in all patients with 
values of parathyroid hormone (PTH)

M, male; F, female; r, Pearson/Spearman correlation; H, Kruskal-
Wallis test; U, Wilcoxon Mann-Whitney test
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normal lifespan (38). It was confirmed that pati-
ents with higher PTH values   respond less well to 
drugs stimulating erythropoiesis, which is one of 
the causes of anaemia in these patients (39). Also, 
elevated PTH values   are related to the occurren-
ce of anaemia in these patients (40). Although 
most patients in our study had lower haemoglo-
bin and haematocrit values as   compared to those 
recommended for dialysis patients, no significant 
difference was found between the study and the 
control group. This can be explained by the fact 
that most of our patients were treated with prepa-
rations that stimulate bone marrow-erythropoietin. 
There was no significant difference in the number 
of patients between the groups on erythropoietin 
therapy (number of patients), but a probable diffe-
rence in the administered doses was not calcula-
ted, so that can be the reason as well.
Inflammation is also an independent risk factor 
for the development of cardiovascular complica-
tions in dialysis patients and is present in 30-50% 
of patients under regular haemodialysis treatment 
(41,42). In our study, a CRP increase was found 
in both groups, and the correlation was proven 
between percentage of neutrophils with values of 
PTH, which is in accordance with the results of 
other studies (16,42,43).
Previous studies have also shown that in addition 
to hypoalbuminemia and hypertension, hyperlipi-
daemia is an important risk factor in CKD (44,45). 
It was shown that dialysis patients with normal or 
reduced cholesterol values   have a higher risk of 
mortality (46). Also, it was proved that an elevated 

ratio of triglycerides to HDL was associated with 
PTH and phosphorus values (47). However, in our 
study, the majority of patients in both groups had 
values   of total cholesterol and LDL within the re-
ference values, but they had decreased HDL valu-
es   and elevated triglyceride values.
Our study has shown a trend toward an associati-
on between higher numbers of phosphate binder 
pills and vitamin D preparations in the therapy, 
and the measured values of PTH, what can be 
explained by the fact that these patients also have 
higher values of phosphate, which is why it is pri-
marily prescribed. It is consistent with literature 
(17,48,49).
In conclusion, a number of factors contribute to the 
development of SHPT. Complex interactions of 
these risk factors with SHPT are still unclear and 
their early identification could help in prevention 
and treatment of SHPT in CKD dialysis patients. 
Modulation of therapy and better control of risk 
parameters can prolong and reduce the frequency 
of SHPT in dialysis patients, as well as the occu-
rrence of comorbidities. Intervention could include 
dietary phosphate restriction, phosphate binder the-
rapy, vitamin D supplementation or a combination, 
with continuous and more frequent measurement 
of parathyroid hormone concentration.
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