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Introduction

Hydroxyvitamin D3 (25-OH-VitD3) is the inactive form of
vitamin D that regulates calcium (Ca) and phosphate (P)
homeostasis [1]. The role of vitamin D on Ca, P and parathormon
(PTH) metabolism, development of neuronal cells and
maturation of immune cells are well-known. Vitamin D
deficiency is a risk factor for infectious, autoimmune,
neurodegenerative and cardiovascular disorders (CVD) as well as
frequently seen in patients with diabetes, osteoporosis, and
cancer [2]. Deficiency of vitamin D is frequently observed in
patients with end-stage renal disease (ESRD) undergoing renal
replacement therapies (RRT) [3]. Ciccione et al. determined that
vitamin D deficiency is associated with cardiovascular mortality
as a result of heart failure, myocardial infarction and sudden
cardiac death [4].

Chronic kidney disease (CKD) is characterized by an increase
in oxidative stress and inflammation [5]. Patients on RRT have
predisposition to coagulation which is shown by increased
procoagulant factors (fibrinogen, von Willebrand factor) and
activated coagulation markers (D-Dimer and prothrombin
fragments), decreased endogenous anticoagulants
(antithrombin, protein C and S) and fibrinolytic activity [6].
Cardiovascular diseases in patients without traditional CVD risk
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factors suggest the role of non-traditional risk factors or
pathogenetic mechanisms including inflammation, oxidative
stress and hormonal alterations. Although there are
controversial reports, low grade inflammation and low serum
25-OH-VitD3 level are recently proposed risk factors [7].
Epidemiologic studies showed that vitamin D has potential anti-
inflammatory effect through regulation of inflammatory
mediators and an independent association with elevated CRP
and decreased kidney function [8].

Platelets play important role in inflammatory process as well
as thrombosis. Plateletcrit (PCT) and platelet distribution width
(PDW) are platelet parameters reflecting thrombotic activity [9].
PCT is a parameter of platelet concentration and has potential to
reflect changes in the rate of platelet production and activity
[10]. PCT is also related with thrombotic activity that predicts
cardiovascular mortality in ESRD. Some researchers have
demonstrated its potential to predict thrombosis risk [11]. Also,
PCT value is a beneficial parameter to determine severity of
infection [11].

In the present study, we aimed to analyse the relation of
vitamin D with parameters inflammation and platelet reactivity
in patients with ESRD receiving RRT.

Material and Methods

Between January and March 2015, 104 patients with ESRD (70
patients on haemodialysis (HD) (31F/39M) and 34 age matched
patients on peritoneal dialysis (PD) (22F/12M)) receiving RRT
and similar sunlight exposure were enrolled into this prospective
study. Patients on PD and HD were advised to expose sunlight at
least 1 hour/day. Duration of sunlight exposure was determined
by interviewing with the patients. The study population was
consisting of Turkish citizens from same ethnic background.
Study was carried out in the same region of Istanbul between
January and March 2015. Patients with active immunologic or
tumoral disease, immobility, obesity, smoking, severe anaemia
(haematocrit<27%), acute inflammatory or infectious episodes
in last 3 months, connective tissue disorder, active treatment
with immunotherapy or immunosuppressive medications were
excluded.

Patients on PD and HD were regularly followed up in Dialysis
Center and Nephrology outpatient service of Bagcilar Education
and Research Hospital. All participants were under dietary
restrictions as recommended in the K-DOQI guideline, and were
followed by a physician and a dietician [12]. Hemogram and
serum electrolyte levels including potassium, sodium and
calcium were analysed by monthly intervals. According to
results, dietary recommendations were updated by same
dietician and nephrologist. Entire patients underwent to physical
examination, and demographic features of participants were
recorded. Ethics committee of Bagcilar Education and Research
Hospital approved the study. Written informed consent was
obtained from all participants.

Blood samples were collected after 8-hour fasting period.
Hemogram parameters were analysed after taken into tubes
with EDTA using an automatic blood counter (XE-5000; Sysmex
Corp, Kobe, Japan). Biochemical variables including serum Ca, P,
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albumin, low density lipoprotein (LDL) was analysed by
photometric method in Siemens Advia 1800 device. Serum
parathormon (PTH) level was analysed by
electrochemiluminescence immunoassay (ECLIA) method in
Cobas auto analyser (Roche Diagnostics GmbH, Mannheim,
Germany). C reactive protein (CRP) was analysed by photometric
method in Roche Diagnostics Cobas 8000 analyser (Roche
Diagnostics GmbH, Mannheim, Germany). Erythrocyte
sedimentation rate (ESR) was analysed by Westergren method in
Ves-Matic Cube 200 (DIESSE Diagnostica Senese Milano, Italy).

Serum levels of 25 OH-D3 were examined in roche cobas 6000
immunoassay analyser by ECLIA method. According to K-DOQ|,
severe, moderate and mild 25-OH-D deficiencies were <5 ng/ml,
5-15 ng/ml and 15-29 ng/ml [12]. PTH levels were analysed in
every 3 months, and vitamin D was administered on the basis of
achieving a PTH level < 300 IU/L.

Dialysis adequacy was determined by measurement of kT/v.
Patients on both groups have negligible residual renal function
as seen by glomerular filtration rate of <10 ml/minute and urine
output of <100 ml/day. None have a remarkable proteinuria or
body mass index (BMI) >30 kg/m?2. Serum bicarbonate (HCOs)
level was assessed using blood gas analysis. Serum iron and iron
binding capacity were determined by chemiluminescent enzyme
immunoassay with deproteinized ferrozinc method. Ferritin
levels were analysed by immunoturbidimetric test method.

Statistical analysis

SPSS 22.0 (SPSS, Chicago, lllinois, USA) package programme
was used for statistical analysis. Data were expressed as mean *
SD. Shapiro Wilks test was used to analyse distribution of the
variables. Parametric variables were compared with
independent t test, ordinal data were compared with Mann
Whitney U test, and non-parametric variables were compared
with chi-square test. Quantitative parameters were compared
with Kruskal Wallis test. Spearman’s rho correlation test was
used to evaluate the relation of parametric variables. A p value
<0.05 was considered significant.

Result

There were 70 patients (31F/39M) on HD and 34 age matched
patients (22F/12M) on PD. The mean age (56.59 + 18.19 vs 53.26
+ 10.6 years) and RRT duration (41.1 £+ 42.52 vs 29.09 + 20.37
months) of HD and PD were similar. Entire participants were non
obese (BMI<30 kg/m?2). All the patients in both groups survived
during the study period. Patients on PD had significantly lower
level of 25-OH-D3 (9.35 + 7.69 vs 4.71 * 3.01; p: 0.0001). There
was no significant difference between patients on PD and HD in
terms of serum Ca, P, CaxP, PTH, albumin, iron, CRP, ESR, ferritin
and bicarbonate levels. Leukocyte count (9.33 + 2.92 vs 7.54 +
2.31), platelet count (269.53 + 82.47 vs 211.17 + 70.34 ),
haemoglobin (11.69 + 1.4 vs 10.44 * 1.67), haematocrit (36.06 +
5.18 vs 32.24 + 5.97), neutrophil ratio (66.96 + 9.13 vs 62.,92 +
8.62) and PCT (0.19 + 0.06 vs 0.15 + 0.05) were significantly
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higher in PD patients (p: 0.001, p<0.001, p<0.001, p:0.002, p:
0.034 and p:0.001; respectively) (Table 1).

Table 1: Comparison of variables between patients on
haemodialysis and peritoneal dialysis. RDW: Red Cell
Distribution Width; MCV: Mean Corpuscular Volume; MPV:
Mean Platelet Volume; PCT: Platecrite; PDW: Platelet
Distribution Width; RRT: Renal Replacement Therapy; PTH:
Parathormon; CRP: C-Reactive Protein.

Haemodialysis Peritoneal dialysis P
25-OH-Vitamin D 9.35+7.69 4.71 +£3.01 <0.001
Age 56.59 £ 18.19 53.26 £ 10.66 0.241
Duration of RRT 42.1+£42.52 29.09 + 20.37 0.569
KT.V 1.45+0.18 2.34 £0.37 <0.001
Calcium (Ca) 8.71+0.93 8.72+1.07 0.964
Phosphorus (P) 5.05+1.67 4.83+1.26 0.509
CaXxP 43.64 £ 15.25 41.88 £ 10.98 0.558
PTH 522.53 +751.41 386.41 + 379.78 0.694
CRP 12.87 £ 14.51 18.19 £ 30.87 0.588
Total protein 6.76 £ 0.57 6.76 + 0.55 0.94
Albumin 3.87 £ 0.46 3.74+0.44 0.177
Iron 60.36 + 30.75 67.56 £ 28.99 0.267
::::acity binding | 538 35+ 51.25 246.03 £ 51.29 0.483
Ferritin 564.33 + 382.8 455.89 + 334.56 0.171
Sedimentation 51.34 + 27.66 52.69 £ 19.28 0.782
Bicarbonate 20.92+2.78 22.17 + 3.66 0.061
Leukocyte count 7.54 +2.31 9.33+2.92 0.001
Haemoglobin 10.44 + 1.67 11.69+14 <0.001
Hematocryte 32.24 £5.97 36.06 £ 5.18 0.002
Platelet 211.17 £70.34 269.53 + 82.47 <0.001
RDW 14.26 + 1.69 13.44 £ 1.43 0.02
MCcV 89.9 + 5.46 87.99 +5.17 0.099
MPV 7.33+1.45 7.12+0.97 0.382
PCT 0.15+0.05 0.19 £ 0.06 0.001
PDW 18.23 £ 2.39 17.89 +1.87 0.485
Lymphocyte ratio 25.27 +9.78 224 +7.49 0.144
Lymphocyte 1.8+0.67 1994074 0.19
Monocyte ratio 7.92+258 6.82+1.53 0.009
Monocyte count 0.59+0.24 0.63+0.21 0.453
Neutrophil ratio 62.92 + 8.62 66.96 +9.13 0.034
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Neutrophil count 4.81+1.81 6.38 + 2.56 ‘ 0.001 ‘

When all patients were considered, correlation analysis
indicated a significant association between 25-OH-D3 with age,
platelet count, PCT, haematocrit, bicarbonate, albumin, ESR,
monocyte ratio and neutrophil count. (r:-0.214, p:0.035;
r:-0.266, p:0.009; r:-0.303, p:0.003; r:0.219, p:0.033; r:-0.255, p:
0.013; r:0.299, p:0.003; r:-0.308, p:0.003; r:0.238, p:0.020;
r:-0.215, p:0.036; respectively) (Table 2). Female patients in both
groups had lower 25-OH-D3 level than male dialysis patients (p:
0.0001).

Table 2: The relation of variables with 25-OH-Vitamin D3 in both
groups. MCV: Mean Corpuscular Volume; PCT: Platecrite.

r P

Sedimentation -0.308 0.003
Bicarbonate -0.255 0.013
Hematocryte 0.219 0.033
Platelet -0.266 0.009
Mcv 0.276 0.007
PCT -0.303 0.003
Monocyte ratio 0.238 0.02

Neutrophil count -0.215 0.036
Age -0.214 0.035
Albumin 0.299 0.003

There was a significant association between 25 hydroxy
vitamin D3 with, CRP, ESR and haematocrit in PD group (r:
-0.419, p: 0.019; r: -0.534, p: 0.002; r: 0,401, p: 0.025
respectively) (Table 3).

Table 3: Variables significantly related to 25-OH-Vitamin D in
peritoneal dialysis group. CRP: C-Reactive Protein.

r P
CRP -0.419 0.019
Sedimentation -0.534 0.002
Hematocryte 0.401 0.025

Backward regression analysis revealed out a significant effect
of CRP, sedimentation, haematocrit, platelet count and platecrit
on D vitamin level in PD group (p: 0.022; p<0.05). In the model,
the most significant variables in relation with vitamin D were
sedimentation and platecrite (p: 0.007 and p: 0.019 respectively)
(Table 4).

According to post hoc analysis, the power of the study was
99.3%.

Table 4: Multiple regression analysis examining the effect of variables on vitamin D in PD group.
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95% CI
B S.E Beta t P Lower bound Upper bound
PD 3 (Constant) 10.908 2.319 4704 0.001 6.141 15.676
Sedimentation -0.072 0.025 -0.513 -2.909 0.007 -0.123 -0.021
PCT -40.400 16.192 -0.799 -2.495 0.019 -73.684 7117
Discussion Patients with chronic inflammation are more frequently

To the best of our knowledge, this is the first report that
examined the relation of 25-OH-Vit D3 with inflammation
parameters and indirect markers of platelet activity by
comparing patients on HD and PD. The present study indicated
that PD patients have lower vitamin D status than HD patients.
Metabolic parameters were better controlled in PD patients
however inflammatory and thrombotic activities are also
increased in PD group.

In general population, a strong relationship between low 25-
OH-D3 and high CRP levels was determined [13]. In experimental
animal studies, 1t has been shown that long-term vitamin D
deficiency has potential to provoke chronic inflammation [14].
Activation of vitamin D by kidney regulates transcriptions of
inflammatory cytokines and prevents excessive production of
inflammatory cells [14]. Vitamin D has stimulatory effect on anti-
inflammatory cytokines like IL-4, IL-5 and IL-10, and inhibitory
effect on pro-inflammatory cytokines including IL-2, IL-3 and
TNF-alpha. Also vitamin D modulates conversion of CD4 T cells
to regulatory cells [15]. Although CRP is an important predictor
for mortality in HD patients, its role in predicting outcome in PD
patients is unclear [16].

Disease and RRT duration have significant impact on
inflammatory markers [17]. As duration of dialysis therapy
increases, decline of residual renal function, deterioration in
volume-nutritional status, and augmentation in atherosclerotic
complications become evident that all are associated with
activated immune system [16]. Our patients on PD and HD have
similar and adequate kT/v value that helped to eliminate the
impact of dialysis adequacy on serum 25-OH-Vit D3.

Peritoneal cells exposed to dialysis fluid with high glucose
content which activates leukocyte infiltration and inflammatory
cytokine production in PD patients [18]. Peritoneal mesothelial
cells express components of RAAS which is upregulated in acute
inflammation suggesting the link between inflammation and
fluid-electrolyte balance [19]. Also uraemia may provoke
inflammation in peritoneum of HD patients without a history of
PD which pointed out the importance of dialysis adequacy [20].

Neutrophils are white blood cells participated in inflammatory
process [7]. Previously, neutrophil/ lymphocyte (N/L) ratio was
reported as an inflammatory marker that had significant
correlation with other inflammatory markers [21]. HD and PD
procedures stimulate complement cascade. Platelet-neutrophil
micro aggregates and activation of neutrophils are related with
exacerbation of complement activation [22,23]. In accordance
with literature, N/L ratio was correlated with inflammatory
markers in the present study.

4

become anaemic as a cause of inhibitory effect of inflammatory
mediators on iron supply to bone marrow. In a study on 16.301
patients with CKD, Kendrick et al determined an association
between low 25-OH-D3 and high CRP with anaemia [24]. In our
study, correlation of low serum 25-OH-D3 with anaemia is
considered as an evidence of suppressive role of inflammation
on bone marrow function.

In addition to increased inflammatory activity in patients with
low serum 25-OH-VitD3, recently 1t has been proved that
individuals with hypovitaminosis D are tend to experience more
frequent thrombotic events [25]. Platelet activation plays central
role in the pathogenesis of haemostasis and thrombosis [26].
Ugur et al. showed a relation between platelet count (PLT) and
platecrit (PCT) which reflect platelet activation and potential
thrombotic event risk [27]. Platecrit predict the risk of
thrombotic events and is one of fibrotic factors related with
cardiovascular mortality in ESRD patients [26]. Fu et al. showed
that platelet markers are beneficial to monitorize thrombosis
related acute rejection risk in renal transplantation [28]. Correa
et al. observed an inverse relation between decreased 25-OH-D3
level with platelet count and PCT [29]. We determined
decreased level of 25-OH-D3 and increased platelet count and
PCT which suggesting inflammatory and thrombotic role of
decreased 25-OH-D3 level in patients receiving RRT.

Older age, obesity, vegetarian diet, living in a region with low
UV radiation and avoiding sun exposure are common risk factors
associated with decreased vitamin D production or uptake [30].
In most of the populations, females have twice the risk of
vitamin D deficiency [30]. Because adipose tissue is a source of
subclinical inflammation, and adipocytes express receptors for
inflammatory mediators, we included non-obese dialysis
patients with similar BMI and body-fat composition [31]. On the
other hand, because serum 250H-D levels exhibit seasonal and
regional oscillations, the study performed in the same session
and region [29]. Smoking may interact with inflammation and
thrombosis. Also, smoking was an exclusion criteria for our
study.

The present study has some potential drawbacks. First,
relatively low sample size was the major limitation of the study.
A possible explanation of low sample size is strict exclusion
criterias such as active immunologic or tumoral disease,
immobility, obesity, smoking, severe anaemia (haematocrit
<27%), acute inflammatory or infectious episodes in last 3
months, connective tissue disorder, active treatment with
immunotherapy or immunosuppressive medications. Second,
single point measurement of PCT and 25 hydroxy vitamin D3
limits the significance of the results. Third, the relation of low
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vitamin D with radiologic and angiographic signs of
atherosclerosis may help for better understanding of exact
relationship.

In conclusion, we demonstrated thrombotic and inflammatory
activity of decreased 25 OH vitamin D3 level in PD patients.
Further studies with large sample size are warranted to reach
more precise conclusions.
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