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Introduction  In recent years, both clinical 
and physiological studies focused on the multi‑
directional involvement of vitamin D3 in sever‑
al metabolic pathways of human metabolism.1‑4 
Vitamin D3 regulates calcium and phosphorus 
metabolism and plays a crucial role in maintain‑
ing proper bone density.1,5 Immunomodulatory, 
cardioprotective, and antiproliferative effects of 
vitamin D3 have also been described.1,6‑8

The synthesis of an active form of vitamin D3 is 
a complex, multistage process, which critically de‑
pends on sun exposure and the properly function‑
ing liver and kidneys.3,9 It is initiated in the cel‑
lular membranes of keratinocytes, where UVB 
radiation of 290–312 nm wavelength induces 
nonenzymatic photolysis of 7‑dehydrocholes‑
terol, a prohormone, into previtamin D3. Previ‑
tamin D3 is then converted into vitamin D3 us‑
ing the body’s thermal energy and released into 
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Abstract

Introduction  Vitamin D3 has diverse biological effects extending beyond the maintenance of calcium 
and phosphorus homeostasis and ensuring the proper functioning of the body.
Objectives  This study evaluated the levels of vitamin D3 and its association with nutritional status, 
immunological activity, and selected markers of cardiovascular disease in patients on long‑term 
hemodialysis (HD).
Patients and methods  We measured 25‑hydroxyvitamin D3 (25(OH)D3) levels in a group of 84 
patients (mean age, 65 years; average time on dialysis, 32.5 months) and investigated correlations 
between 25(OH)D3 levels and the  following parameters: albumin, body mass index, hemoglobin 
(Hb), interleukin 6 (IL‑6), interleukin 10, C‑reactive protein, asymmetric dimethylarginine (ADMA), 
N‑terminal pro‑B‑type natriuretic peptide (NT‑proBNP), and comorbidity score.
Results  A mean 25(OH)D3 level was 15.4 ±7.2 ng/ml and only 5% of patients had 25(OH)D3 levels 
above the normal value of 30 ng/ml. There was no statistically significant difference in 25(OH)D3 
levels between women and men (P = 0.06). A negative correlation was observed between 25(OH)D3 
and IL‑6 (R = –0.31, P = 0.009) and ADMA (R = –0.26, P = 0.03), as well as a positive correlation 
between 25(OH)D3 and Hb (R= 0.21, P = 0.05). There was no association between 25(OH)D3 levels 
and nutritional status.
Conclusions  A significant vitamin D3 deficiency observed in the majority of patients undergoing 
long‑term HD contributes to the development of chronic inflammation, anemia, and indirectly, to 
endothelial cell injury.
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(4 patients). In 12 patients, the underlying cause 
remained undetected.

Concomitant ischemic heart disease was di‑
agnosed in 25 patients (29%), while 21 patients 
(25%) were diagnosed with heart failure and qual‑
ified as New York Heart Association (NYHA) class 
II (6 patients, 7%) and NYHA class III (15 pa‑
tients, 18%).

Patients under 18 years of age, patients on HD 
for a time period shorter than 3 months, and 
patients diagnosed with cancer or chronic viral 
hepatitis B and C were excluded from the study. 
The study was approved by the Bioethics Commit‑
tee of the Medical University of Lublin, Poland 
(KE‑0254/190/2006).

Treatment  Hemodialysis  All study subjects 
underwent HD 3 times a week. Each procedure 
lasted from 3.5 to 4.5 hours. Capillary low‑flux 
dialyzers were used; bicarbonate dialysate con‑
tained the calcium concentration of 1.5 mmol/ml 
in 24 patients (29%), and of 1.25 mmol/ml in 
the remaining 60 patients. A dialyzer blood flow 
rate varied between 230 and 400 ml/min (mean 
315 ±23 ml/min), while a dialysate flow rate was 
500 ml/min.

Pharmacological treatment  Seventy‑five patients 
(89%) received human recombinant erythropoie‑
tin. Seventy‑two patients (86%) received hyper‑
tension medications: 26 patients (36%) received 1 
medication, 34 patients (47%) – 2, and 12 patients 
(17%) – 3 different medications. The medications 
included convertase inhibitors (46 patients, 55%), 
calcium channel blockers (62; 74%), β‑adrenergic 
blockers (35; 42%), and statins (37; 44%).

Fifty‑two patients (64%) received a synthet‑
ic analog of vitamin D3, 1‑α hydroxycholecalcif‑
erol (alfacalcidol). The following weekly doses of 
the medication were used during 3 months be‑
fore the assay: 8 patients (15%) received 0.25 μg, 
12 (23%) – 0.75 μg, 11 (21%) – 1 μg, 14 (27%) – 
1.5 μg, and 7 (14%) – 2.75 μg.

Seventy‑nine patients (94%) received calci‑
um carbonate, while 30 patients (35%) who had 
phosphorus levels above 5.5 mg/dl received alu‑
minum hydroxide.

Biochemical assays  All parameters were ana‑
lyzed in spring.

Blood samples were obtained from the venous 
part of vascular access prior to HD and collected 
in the middle of the week. Samples were centri‑
fuged according to the manufacturers’ instruc‑
tions. Sera were stored in –25oC until the assay.

We measured the concentrations of 25(OH)D3, 
asymmetric dimethylarginine (ADMA), interleukin 
6 (IL‑6), interleukin (IL‑10), human soluble tumor 
necrosis factor receptor I (sTNF‑RI), C‑reactive  
protein (hs‑CRP), N‑terminal pro‑B‑type natri‑
uretic peptide (NT‑proBNP), albumin (alb), hemo
globin (Hb), urea, calcium (Ca), phosphorus (P), 
and intact parathormone (iPTH).

the skin microvessels, where it is bound by a spe‑
cific vitamin D3 binding protein and transport‑
ed to the liver. Hepatic enzymatic hydroxylation 
at the Carbon 25 position converts the product 
to 25‑hydroxyvitamin D3 (25(OH)D3). The sec‑
ond hydroxylation at Carbon 1, mediated by 
1α‑hydroxylase, occurs in the proximal tubules 
of the kidneys and leads to the formation of an ac‑
tive form of vitamin D3, 1,25(OH)2 D3 (calcitriol). 
Various cells containing 1 α‑hydroxylase are able 
to synthesize calcitriol;1,5 however, an adequate 
level of 25(OH)D3 in the blood is a prerogative 
for its extrarenal synthesis.

A multidirectional effect of vitamin D3 on 
the body is a result of its genomic actions, since 
binding to its nuclear receptor leads to the forma‑
tion of a transcriptional factor initiating the syn‑
thesis of a specific protein.2,10 Moreover, calcitri‑
ol receptors are expressed on the cell surface, and 
their binding activates pathways supporting intra‑
cellular transcription processes. Such membrane‑ 

-bound vitamin D receptors can be found not only 
on intestinal epithelial cells, osteoblasts, and 
parathyroid gland cells, but also on endotheli‑
al cells, cardiomyocytes, skin cells, and T and B 
lymphocytes.1,7,11

The principal form of vitamin D3 found in 
the body is 25(OH)D3, and its levels in serum or 
plasma are usually measured to assess the over‑
all D3 levels. Levels above 30 ng/ml are generally 
considered as normal.2,4 Moderate deficiency is 
diagnosed when concentration is between 12 and 
30 ng/ml, while severe vitamin D3 deficiency is 
observed when the concentration of 25(OH)D3 

decreases below 12 ng/ml.
General population studies indicated a strong 

correlation between D3 deficiency and mortality 
and morbidity rates.2,7,12 Such correlation was also 
confirmed in patients with end‑stage kidney fail‑
ure treated with long‑term hemodialysis (HD).13,14 
Lack of 1α‑hydroxylase activity in the kidneys 
contributes to a decreased synthesis of calcitriol 
in this patient group.11,15,16 Deficiency of an ac‑
tive form of vitamin D3 leads to disturbances not 
only in calcium‑phosphorus metabolism but also 
in other functions of the organs and tissues influ‑
enced by this multifunctional vitamin.

The aim of the current study was to analyze vi‑
tamin D3 status and the factors that influence vita‑
min D3 levels in patients undergoing a long‑term 
HD treatment. Moreover, we searched for poten‑
tial correlations between vitamin D3 and select‑
ed immunological, nutritional, and cardiovascu‑
lar parameters.

Patients and methods  Patients  The study 
involved 84 patients (46 men, 38 women; mean 
age: 65.3 ±14.2 years, median time on HD: 32.5 
months [range 3–394]). End‑stage renal failure 
was a result of diabetic nephropathy (23 patients), 
glomerulonephritis (22 patients), hypertensive 
nephropathy (15 patients), connective tissue dis‑
ease (8 patients), and polycystic kidney disease 
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or median with range. Contingency tables as well 
as the χ2 test for independence were used to asses 
the potential differences or correlations between 
the analyzed parameters.

Because the Shapiro‑Wilk test revealed skewed 
distribution of the analyzed parameters, further 
analysis of the potential differences between 
the study groups was conducted using nonpara‑
metric tests. The Mann‑Whitney U test was used 
to compare two independent groups. Statistical 
association between the two variables was ana‑
lyzed using the Spearman’s correlation coefficient 
R. We adopted an inference error of 5% and a sig‑
nificance level of P <0.05 as an indicator of statis‑
tically significant differences or correlations.

All patients signed written informed consent 
form after being fully informed about treatment 
options as well as the aims and limitations of 
the study.

Results  Patients’ demographic and biochemical 
data are shown in TABLE 1. The mean concentra‑
tion of 25(OH)D3 in the entire study population 
was 15.4 ±7.2 ng/ml. Twenty‑eight patients (34%) 
had severe vitamin D3 deficiency, with 25(OH)D3 
levels below 12 ng/ml; 52 patients (61%) – mod‑
erate deficiency with 25(OH)D3 levels of 12 to 
30 ng/ml; finally, only 4 patients (5%) had nor‑
mal vitamin D3 levels above 30 ng/ml.

Moreover, several scores and parameters were 
calculated for each patient: comorbidity score 
(CS) according to the scale published by Charl‑
son et al.,17 HD adequacy expressed by Kt/V para
meter,18 normalized protein catabolic rate,19 body 
mass index (BMI), mean arterial pressure (MAP), 
and calcium‑phosphorus product.

MAP was calculated on the basis of blood pres‑
sure measurement taken prior to HD in a hori‑
zontal position. The following formula was used: 
MAP = diastolic pressure + 1/3(systolic pressure – 
diastolic pressure).

The following biochemical parameters were 
measured using an enzyme‑linked immunosor‑
bent assay: 25(OH)D3 and ADMA (Immundiag‑
nostik AG, Bensheim, Germany), IL‑10 (Diaclone, 
Besancon, France), hs‑CRP (IBL International 
GmbH, Hamburg, Germany),

IL‑6 and sTNF‑RI (R& D Systems Inc., Abing‑
don, United Kingdom).

NT‑proBNP and iPTH were measured by an 
electrochemiluminescence immunoassay using 
Cobas 6000 system with e601 module (Roche Di‑
agnostics, Mannheim, Germany)

The remaining parameters (alb, Hb, Ca, P) were 
measured using routine laboratory tests.

Statistical analysis  The obtained results were an‑
alyzed using STATISTICA 7.1 (StatSoft, Poland) 
and presented as mean value ± standard deviation 

Table 1  Demographic and biochemical characteristics of patients on long‑term dialysis

Parameter Standard deviation Median Range

age (years) 65.3 ±14.2 68 20–92

sex (women/men) 38/46

time on HD (months) 40 ±43.2 32.5 3–394

Kt/V 1.5 ±0.2 1.6 0.67–2.1

BMI (kg/m2) 24.8 ±4.2 24.4 15.8–37.7

nPCR (g/kg/day) 1 ±0.2 1 0.5–1.7

MAP (mm/Hg) 87.2 ±13.3 86 58–123

25(OH)D3 (ng/ml) 15.4 ±7.2 14.1 2.9–41.1

NT‑proBNP (pg/ml) 15,879.2 ±14,033.3 8281 402.9–35,000

ADMA (μmol/l) 0.5 ±0.3 0.5 0.009–1.4

IL‑6 (pg/ml) 9.9 ±9 6.9 1.8–50.4

IL‑10 (pg/ml) 1.5 ±3.1 0.8 0.004–22

hs‑CRP (mg/l) 7.5 ±6.9 5.4 0.08–15.5

iPTH (pg/ml) 429.5 ±401 318.5 13.0–2100

sTNF‑RI (pg/ml) 184,855.9 ±141,731.9 167,889 8860–8,928,650

Ca × P (mg2 × mg2) 41.9 ±11.5 41 21–68

Ca (mmol/l) 2.2 ±0.2 2.2 1.5–2.7

P (mmol/l) 1.6 ±0.5 1.6 0.5–2.9

hemoglobin (g/dl) 10.4 ±1.1 10.5 7.4–13.8

albumin (g/dl) 3.8 ±0.4 3.8 2.7–4.5

CS 6.3 ±2.5 6 2–15

Abbreviations: ADMA – asymmetric dimethylarginine, BMI – body mass index, Ca – calcium, CS – comorbidity 
score, HD – hemodialysis, hs‑CRP – high‑sensitivity C‑reactive protein, IL‑6 – interleukin 6, IL‑10 – interleukin 10, 
iPTH – intact parathormone, Kt/V – adequacy of hemodialysis, MAP – mean arterial pressure, nPCR – normalized 
protein catabolic rate, NT‑proBNP – N‑terminal pro‑B‑type natriuretic peptide, P – phosphorus, sTNF‑RI – human 
soluble tumor necrosis factor receptor I
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There was no statistically significant difference 
between men and women in 25(OH)D3 concen‑
trations (14.4 ±7.4 ng/ml vs. 16.1 ±6.8 ng/ml, re‑
spectively; P = 0.06).

Similarly, mean 25(OH)D3 values in diabetic 
patients were similar to those observed in the re‑
maining patient population (13.9 ±6.8 ng/ml 
vs. 15.9 ±7.3 ng/ml, P = 0.11).

Next, we analyzed 25(OH)D3 concentrations 
in 3 age groups: group 1 – below 50 years of age 
(5 patients, 6%), group 2 – 50 to 65 years (29 
patients, 34.5%), and group 3 – older than 65 
(50 patients, 59.5%). Again, there was no statis‑
tically significant difference between the groups 
(P = 0.81). Respective values were: 13.9 ±5.1 ng/ml 
(group 1), 15.9 ±7.4 ng/ml (group 2) and 15.2 
±7.2 ng/ml (group 3).

Correlations between different parameters 
are presented in TABLE 2. We observed a negative 
correlation between 25(OH)D3 and IL‑6 (R = 

–0.31, P = 0.009; FIGURE 1) and ADMA (R = –0.26, 
P = 0.03; FIGURE 2). A tendency for negative cor‑
relation with 25(OH)D3 was also observed for 
NT‑proBNP (R = –0.21, P = 0.07) and CS (R = 

–0.19, P = 0.06). Moreover, we noted a positive 
correlation between 25(OH)D3 and Hb (R = 0.21 
P = 0.05, FIGURE 3).

In our study, the duration of long‑term HD 
treatment did not influence the concentrations 
of 25(OH)D3 (P = 0.81). Furthermore, we were 
unable to find any correlation between vitamin 
D3 and MAP (P = 0.73) or any of the tested nutri‑
tional parameters. A weekly dose of alfacalcidiol 
did not correlate with vitamin D3 status (P = 0.72). 
Likewise, no significant differences in the mean 
concentration of 25(OH)D3 were found between 
the groups of patients who received and who did 
not receive alfacalcidiol (15.3 ±7.2 ng/ml vs. 15.5 
±7.23 ng/ml, respectively; P = 0.85).

Discussion  Our study showed that 95% of pa‑
tients undergoing long‑term HD were affected 
by various degrees of vitamin D3 deficiency. Se‑
vere deficiency was detected in 34% of patients. 
Vitamin D3 deficiency affected both short‑ and 
long‑term dialysis patients to the same extent. 
Additionally, women were characterized by a ten‑
dency for lower 25(OH)D3 concentrations than 
men, although the observed differences were not 
statistically significant (14.4 ±7.4 ng/ml vs. 16.1 
±6.8 ng/ml, P = 0.06). In contrast to these find‑
ings, significantly lower D3 levels were detect‑
ed in hemodialyzed women as reported by Erkal 
et al.20 A similar tendency has been observed in 
the general population of women, with D3 defi‑
ciency being more strongly pronounced in elder‑
ly women than in men.12,21

Our study did not show any significant relation‑
ship of D3 status with morbidity; however, we ob‑
served that patients with a higher CS score calcu‑
lated according to the scale published by Charl‑
son et al.17 had lower vitamin D3 levels, although 
the reported differences were not statistically 
significant. Likewise, the mean concentration of 

Table 2  Correlations between 25‑hydroxyvitamin D3 and the analyzed parameters

Parameter Spearman R P

CS –0.19 0.07

MAP 0.04 0.73

Kt/V –0.11 0.32

NT‑proBNP –0.21 0.07

time on HD 0.06 0.81

nPCR 0.16 0.15

hemoglobin 0.21 0.05a

albumin 0.13 0.23

IL‑6 –0.32 0.009a

IL‑10 –0.05 0.66

ADMA –0.26 0.03a

BMI –0.19 0.11

hs‑CRP –0.09 0.39

sTNF‑RI –0.14 0.27

alfacalcidol 0.05 0.72

a  P <0.05

Abbreviations: see TABLE 1
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Figure 1  Correlation between the levels of interleukin 6 (IL-6) and 25(OH)D3

Figure 2  Correlation between the plasma levels of asymmetric dimethylarginine 
(ADMA) and 25(OH)D3
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ucts should be limited in patients with end‑stage 
renal failure due to high phosphorus content.

Vitamin D3 is synthesized in the skin and subse‑
quently stored in the adipose tissue; excess body 
fat can hamper its release. Studies on the gener‑
al population revealed decreased D3 levels in in‑
dividuals with BMI >30 kg/m2 as compared to 
those with lower BMI values,28 and a significant 
negative correlation between BMI and vitamin 
D3 levels in the general population was reported 
by Melamed et al.12 However, our study as well 
as studies published by other authors16,29 do not 
support the correlation of vitamin D3 levels with 
BMI and other nutritional parameters in the pop‑
ulation of hemodialyzed patients. Interestingly, 
Matias et al.14 reported that lower levels of albu‑
min in hemodialyzed patients corresponded with 
lower levels of 25(OH)D3.

Vitamin D3 deficiency is often diagnosed in pa‑
tients with congestive heart failure.1,2,6 Such defi‑
ciency can lead to intracellular calcium depletion, 
and defective sarcomere shortening.30 Cardiomyo‑
cytes express receptors for both vitamin D3 and 
calbindin, a vitamin D‑dependent calcium binding 
protein, which mediates transport of calcium ions 
into the cell.31 Zittermann et al.30 demonstrated 
that 25(OH)D3 negatively correlated with N‑ter‑
minal natriuretic peptide. In our study, we ana‑
lyzed a possible correlation between vitamin D3 

and another natriuretic peptide, NT‑proBNP, be‑
cause its increased levels have been reported in 
patients with increased preload and with heart 
failure.32,33 However, in our study, vitamin D3 

did not play any significant role in NT‑proBNP 
release from cardiomyocytic granules.

Because vitamin D3 protects endothelial cells 
by suppressing the proliferation and calcification, 
and by inhibiting the development of inflamma‑
tion,11,30,34 we analyzed the influence of 25(OH)D3 
on selected parameters of immune system activa‑
tion. Although most of the results did not reach 
the significance level, a negative correlation of 
25(OH)D3 with IL‑6 was observed. Interestingly, 
IL‑6 is a potent initiator and regulator of acute 
inflammatory responses and supports the trans‑
formation of acute phase into chronic inflamma‑
tory state; its role in stimulating the develop‑
ment of atherosclerosis has also been described.35 
One of the possible proatherogenic mechanisms 
of IL‑6 relies on its ability to upregulate the ex‑
pression of adhesion molecules on endothelial 
cells, and therefore facilitating adhesion of leu‑
kocytes to the vascular wall and subsequent en‑
dothelial cell damage. Moreover, IL‑6 as well as 
other proinflammatory cytokines are able to ad‑
versely affect blood vessel relaxation by suppress‑
ing the production of endothelial nitric oxide 
(NO) synthase.

An active form of vitamin D3 has also been re‑
ported to affect the Th1/Th2 balance and increase 
the population of Th2 lymphocytes. IL‑10 is one 
of the several cytokines produced by Th2 cells and 
can act not only as a potent anti‑inflammatory 
but also antiatherogenic factor.36 Nevertheless, 

25(OH)D3 in diabetic subjects did not differ sig‑
nificantly from the remaining patients. Interest‑
ingly, in contrast to our study, Matias et al.14 re‑
ported that among patients treated with HD, di‑
abetic subpopulation is characterized by signifi‑
cantly lower vitamin D3 values as compared with 
nondiabetic counterparts.

Numerous factors may lead to decreased levels 
of vitamin D3 in patients on long‑term HD. Such 
deficiency may result from a decreased synthe‑
sis of vitamin D3 in keratinocytes, since it is diffi‑
cult to achieve an adequate sun exposure in these 
chronically ill patients.22,23 Del Vaale et al.22 noted 
that a particularly severe deficiency of vitamin D3 
in HD patients occurs in the fall and winter, when 
the levels of UVB are markedly reduced.

An age‑related decrease in the concentration 
of keratinocyte cell membrane‑derived 7‑dehy‑
drocholesterol is also an important contributor 
to vitamin D3 deficiency in elderly patients.24,25 
It is even more relevant in the population of pa‑
tients on HD, in which there is an increasing 
number of patients older than 65 years. Indeed, 
such patients constituted a majority in our study, 
while only 5% of our patients were younger than 
55 years. Nevertheless, we were not able to detect 
any correlation between vitamin D3 levels and pa‑
tients’ age. Our observation is in agreement with 
the previously reported study by Del Valle et al.22 
On the other hand, such correlation between age 
and depleted vitamin D3 supply exists in the gen‑
eral population.26,27

Vitamin D3 deficiency observed in patients on 
long‑term HD is also a result of poor absorption 
of this fat‑soluble vitamin in the digestive system, 
resulting from the lack of nutritional fat neces‑
sary for proper absorption.2,3 Moreover, inade‑
quate consumption of products rich in vitamin 
D3 might have similar consequences. Generally, 
such products (e.g., fish and eggs) should be con‑
sumed 3 to 4 times a week to maintain proper vi‑
tamin D3 levels.2,4 However, intake of these prod‑
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the elderly: consequences for bone loss and fractures and therapeutic im‑
plications. Endocr Rev. 2001; 22; 477-501.

Visser M, Deeg DJ, Puts MT, et  al. Low serum concentration of 27 
25‑hydroxyvitamin D in older persons and the risk of nursing home admis‑
sion. Am J Clin Nutr. 2006; 86: 616-622.

Bell NH, Epstein S, Greene A, et al. Evidence for alteration of the vi‑28 
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we did not find evidence for immunomodulato‑
ry function of vitamin D3 in the population of 
hemodialyzed patients through the IL‑10‑relat‑
ed anti‑inflammatory pathway.

Anemia affecting the HD population consti‑
tutes an independent risk factor for develop‑
ing heart failure, as well as for increased car‑
diovascular mortality.37 A study by Sim et al.38 
showed a negative correlation between vitamin 
D3 deficiency and risk of anemia and increased 
requirement for erythropoietic factors, although 
the background of these correlations was not elu‑
cidated. Similarly, Patel et al.39 observed a posi‑
tive correlation between vitamin D3 and Hb con‑
centration in patients with chronic kidney disease. 
Our study confirmed these results.

ADMA is a prognostic marker of cardiovas‑
cular complications both in the general popu‑
lation and in a population of patients with pro‑
gressive kidney disease.40,41 ADMA is an endoge‑
nous inhibitor of NO synthase, and NO deficien‑
cy can manifest itself clinically as an increased 
total peripheral resistance leading to endothe‑
lial cell damage and subsequent progression to 
atherosclerosis.42

In our study, vitamin D3 deficiency in hemo
dialyzed patients was accompanied by an  in‑
crease in ADMA concentrations. To our knowl‑
edge, we have been the first to report this statis‑
tically significant correlation.

Interestingly, London et al.43 studied a group 
of patients on long‑term HD and noted that vi‑
tamin D3 deficiency in these patients correlated 
with vascular stiffness and increased pulse pres‑
sure – symptoms possibly caused by ADMA af‑
fecting endothelial cells.

The current study extends the analysis of vi‑
tamin D3 function beyond the field of calcium‑ 

-phosphorus homeostasis. In our analysis, we in‑
cluded a broad panel of biochemical markers of 
immune system activation, nutritional status, 
and disease. The obtained results allow us to con‑
clude that significant vitamin D3 deficiency diag‑
nosed in the majority of patients on long‑term 
HD contributes to the development of chronic 
inflammation, decreased immunity, and anemia, 
setting the stage for endothelial damage. In our 
study, vitamin D3 deficiency was not influenced by 
the duration of long‑term HD therapy, patients’ 
age or nutritional status.
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Streszczenie

Wprowadzenie  Witamina D3 ma różnorodne działanie biologiczne, wykraczające poza obszar homeo
stazy wapnia i fosforu, które przyczyniają się do prawidłowego funkcjonowania organizmu.
Cele  Celem badania była ocena zasobów witaminy D3 oraz analiza ich związku ze stanem odżywienia, 
aktywnością immunologiczną i wybranymi parametrami uszkodzenia układu sercowo‑naczyniowego 
u pacjentów przewlekle hemodializowanych.
Pacjenci i metody  W grupie 84 pacjentów (średni wiek 65 lat, czas leczenia hemodializami 32,5 
miesiąca) oznaczono 25 hydroksywitaminę D3 (25(OH)D3) i badano jej związek z następującymi para
metrami: albuminą, wskaźnikiem masy ciała, hemoglobiną (Hb), interleukiną 6 (IL‑6), interleukiną 10, 
białkiem C‑reaktywnym, asymetryczną dimetylargininą (ADMA), N-końcowym mózgowym peptydem 
natriuretycznym (NT‑proBNP), oraz z punktacją chorobowości (comorbidity score).
Wyniki  Średnie stężenie 25(OH)D3 wynosiło 15,4 ±7,2 ng/ml i tylko u 5% pacjentów stężenie 25(OH)D3 
przekraczało 30 ng/ml, wartość uznaną za prawidłową. Nie zaobserwowano istotnych różnic w śred‑
nich wartościach stężeń 25(OH)D3 między kobietami i mężczyznami (P = 0,06). Odnotowano ujemne 
zależności 25(OH)D3 z IL-6 (R = –0,31; P = 0,009) i ADMA (R = –0,26; P = 0,03) oraz dodatnią 
korelację z Hb (R= 0,21; P = 0,05). Nie wykazano związku witaminy D3 ze stanem odżywienia.
Wnioski  Stwierdzany u większości pacjentów przewlekle hemodializowanych znaczny niedobór 
zasobów witaminy D3 przyczynia się do rozwoju przewlekłego zapalenia, niedokrwistości oraz po‑
średnio do uszkodzenia śródbłonka.
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