The effects of cholecalciferol treatment on mineral
metabolism and inflammation markers in Turkish
hemodialysis patients
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Objectives: To  evaluate  the  effects  of
25-hydroxycholecalciferol (25-[OH] D) on bone
mineral metabolism and inflammation parameters in
hemodialysis patients.

Methods: The study was carried out at Hitit University
Corum Education and Research Hospital, Corum,
Turkey between July and September 2012. All of the 36
patients that underwent treatment in our hemodialysis
unit were included in this study. Four patients were

excluded from the study due to other complications.
Of the remaining 32 patients, 28 patients (mean age;
52 + 18 years; 15 males and 13 females) with a 25-
(OH) vitamin D level of <30 ng/mL were included
in the study. Four of the 32 remaining patients were
excluded as their 25-(OH) vitamin D levels was >30
ng/ml. Patients with a 25-(OH) D level of <30 ng/mL
were treated with 20,000 IU oral cholecalciferol once
a week for 12 weeks. The level of vitamin D, mineral
metabolism markers, and C-reactive protein (CRP)
were evaluated.

Results: After the treatment, the 25-(OH) D levels
increased to >30 ng/mL in all patients (12.57.1
ng/mL versus 59.9+15.5 ng/mL; p<0.001). While
there was a significant, but not life-threatening,
increase in calcium levels (7.9 [7.26 to 8.32]
mg/dL versus 8.48 [7.55 t0 9.25] mg/dL, p<0.001), a
statistically significant decrease was observed in CRP
levels (9.34+4.4mg/L versus 4.4+1.6mg/L; p<0.001).
Alkaline phosphatase, phosphorus, and parathyroid
hormone levels did not change.

Conclusion: Vitamin D deficiency is a common
problem in HD patients. Short-term weekly
cholecalciferol treatment is safe and effective in this
patient group, and cholecalciferol treatment had a
positive effect on inflammatory markers.
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atients with chronic renal failure often have

25-hydroxycholecalciferol (25-[OH] D) (calcidiol)
deficiency, which is the substrate of 1,25-dihydroxy-
vitamin D (calcitriol). As the chronic kidney disease
progresses, the vitamin D substrate and renal
1-a-hydroxylase deficiency cause progressive calcitriol
deficiency."” With recent evidence demonstrating
extrarenal 1-a-hydroxylase expression in many tissues
other than the kidney, measurement of 25-(OH)
vitamin D level has gained importance.’ It has been
suggested that anephric patients have extrarenal 1
alpha, 25- dihydroxyvitamin D (1,25-[OH] 2D)
production,® and that calcitriol levels increase with 6
months of 25-(OH) vitamin D replacement therapy
in hemodialysis (HD) patients.” The major circulating
form of vitamin D is 25-(OH) D, and serum levels
of vitamin D in the body reflect the level of storage.
The 25-(OH) vitamin D levels are recommended
to be >30 ng/mL in the general population and in
stage 3-4 chronic kidney disease (CKD) patients.
The Kidney Disease Outcomes Quality Initiative
guidelines (K/DOQI) provide recommendations for
vitamin D repletion only to patient with stage 3 and
4 CKD who have 25-(OH) D concentrations <30 ng/
ml.® This regimen is generally a variation on 50,000
IU vitamin D/week for a period of 6-12 weeks. This
treatment regimen is inexpensive and reliable with
fewer side effects, and it provides physiological vitamin
D replacement.® There is a limited number of studies
on the optimal dose and duration of this treatment
regimen that supports the use of this regimen in
hemodialysis patients, and it is not yet included in
the K/DOQI guidelines.*” However, the extraskeletal
effects of vitamin D are included in the Kidney Disease
Improving Global Outcomes guidelines (K/DIGO) and
it has been recommended that CKD stage 3-5 patients
should be evaluated by the measurement of 25-(OH)
D levels and those with vitamin D deficiency should
be treated similar to the general population.® A large
number of studies have shown many positive effects
of vitamin D therapy (active vitamin D and vitamin
D analogs), particularly on calcium-phosphorus
homeostasis, in HD patients.”!! Vitamin D, particularly
active vitamin D, has been shown to affect the gene
expression in many tissues.'' Local calcitriol is produced
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by 1-a-hydroxylase, is involved in cell differentiation,
and acts as an antiproliferative agent.'" In a recent
prospective cohort study,'? vitamin D deficiency was
reported to be associated with high mortality rates in
HD patients, and has been suggested to be a risk factor
for cardiovascular diseases in patients with chronic renal
failure.”® In a multicenter and prospective randomized
study, Kendrick et al* found that low 1,25-(OH)2
vitamin D levels were associated with mortality and
progression to long-term dialysis therapy in patients
with advanced stage chronic renal failure who are not
yet on dialysis.'* In the present study, we aimed to
determine the 25-(OH) vitamin D level in a Turkish
hemodialysis patient population, to evaluate the
effectiveness of 12 weeks of weekly 25-(OH) vitamin D
treatment (20,000 IU) in this patient population, and
to evaluate the effects of this treatment regimen on bone
mineral metabolism and parameters of inflammation.

Methods. This study was carried out at Hitit
University Corum Education and Research Hospital,
Corum, Turkey between July and September 2012.
This was a cross-sectional study, and a total of 36 HD
patients were recruited among the patients who were
receiving treatment in the Dialysis Unit of the hospital
and were receiving our standardized HD prescriptions
(500 mL/min dialysate flow: 200-250 mL/min blood
flow; 4 hours per session of dialysis, 3 sessions per week).
Subjects had been on maintenance dialysis for an average
of 4 years. The exclusion criteria were current or previous
treatment with cinacalcet, previous parathyroidectomy,
serious  secondary  hyperparathyroidism  (iPTH
>600 pg/mL), hypercalcemia (Ca >10.2 mg/dL),
hyperphosphatemia (»>5.5 mg/dL), and current acute
or chronic infection, or systemic disease that can cause
inflammation. Two patients were excluded from the
study due to severe secondary hyperparathyroidism, one
patient due to chronic liver disease, and one patient due
to hyperphosphatemia. Of the remaining 32 patients,
28 patients (mean age 52 + 18 years; 15 males and 13
females) with a 25-(OH) vitamin D level of <30 ng/mL
were included in the study (since 4 of the 32 remaining
patients had 25-(OH) vitamin D levels of >30 ng/
ml, they were not included in the study). The patients
received stable doses of calcitriol and paricalcitol during
the study period, and the dose of phosphorus-binding
drugs were not changed. In addition, 1.25 mmol/L Ca
dialysate was used.

All the patientsmedical records since the beginning
of dialysis were reviewed for clinical history, laboratory
parameters, and medications. Arterial blood pressure
was measured at least twice in the morning after a
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15-minutes resting interval as mean values of systolic
(SBP) and diastolic (DBP) pressure, and the average of
the 2 measurements was calculated. The SBP and DBP
values, blood urea nitrogen (BUN), serum creatinine,
albumin, hemoglobin, calcium (Ca), phosphorus
(P), uric acid, intact parathyroid hormone (iPTH),
and C-reactive protein (CRP) levels were measured.
Blood samples were obtained in the morning after
an overnight fasting period (before starting a dialysis
session in HD patients). Routine serum biochemical
variables including Ca, P, albumin, uric acid, and
hemoglobin were analyzed using standard laboratory
methods. Serum iPTH levels were measured by
electro chemiluminescence immunoassay (Moduler
Analytics E 170/ Roche Diagnostic, Tokyo, Japan).
Serum CRP levels were measured by the nephelometric
method (SEAC-RADIM, DELTA, Florence, Italy).
The normal range for CRP is 0-8 mg/L. The 25-(OH)
D level was measured by the high-performance
liquid chromatography (HPLC) method (Shimadzu
Corporation, Kyoto, Japan) using a commercially
available kit (ImmuChrom, Heppenheim/Hessen,
Germany). Informed consent was taken from all
participants. This study was approved by the Medical
Ethics Committee of Erciyes University, and was
conducted in compliance with the recommendations
of the Declaration of Helsinki on Biomedical Research
Involving  Human Subjects. The patients with
25-(OH) D levels of <30 ng/ml received oral 20,000
IU of cholecalciferol (Devit-3 Oral Damla, DEVA
Pharmacy, Istanbul, Turkey) once a week after the
dialysis for 12 weeks under the supervision of dialysis
nurses. All parameters were re-examined after 12 weeks
of treatment.

Statistical analyses. All data analyses were performed
by using IBM PASW (Predictive Analics SoftWare
Statistics) version 18, (SPSS Inc., Chicago, IL, USA).
Normally distributed variables were summarized with n
(sample size), mean, and standard deviation, and non-
normally distributed variables were summarized with
n (sample size), median, 25th, and 75th percentiles.
Normally distributed variables were compared before
and after treatment by the paired t-test. Non-normally
distributed variables were compared before and after
treatment by the Wilcoxon signed-rank test. A p-value
less than 0.05 (p<0.05) was accepted as significant.

Results. The mean duration of dialysis was 54
(range, 12-240) months. The mean body mass index
(BMI) was 2445 kg/m?, SBP was 129423 mm Hg, DBP
was 74+11 mm Hg, laboratory indicators of dialysis
dosage (Kt/V) was 1.42 (range, 1.36 to 1.62), and urea

reduction ratio (URR) was 71+6. In 28 of 32 patients
(87.5%), 25-(OH) D level was <30 ng/mL. Of the 28
patients, vitamin D insufficiency (20-30 ng/mL) was
found in 3 (10.7%), mild deficiency (10-20 ng/mL)
in 10 (35.7%), and severe deficiency (<10 ng/mL) in
15 (53.57%) patients. For the treatment of secondary
hyperparathyroidism, 10 patients (35.7%) were receiving
calcitriol, 2 patients (7.1%) were receiving paricalcitol,
and 25 patients (89.3%) were receiving calcium
acetate. Of the patients, 8 (28.5%) had a diagnosis
of diabetes mellitus, and 21 (75%) had a diagnosis of
hypertension. All the 21 hypertensive patients were
taking antihypertensive medication. There were no
patients using antilipemic drugs. Twenty-six patients
were using recombinant erythropoietin to maintain
their predialysis hemoglobin level at 11-12 g/dL. The
etiology of the chronic renal failure was diabetes mellitus
in 8 patients, hypertension in 6 patients, renal stone
disease in 4 patients, glomerulonephritis in 3 patients,
polycystic kidney disease in 2 patients, and renal vein
thrombosis in one patient, while the etiologic factor was
unknown in 4 patients. Table 1 summarizes the subjects’
demographics.

After 12 weeks of treatment, the 25-(OH)
D level increased to >30 ng/mL in all patients
(12.5£7.1 ng/mL versus 59.9+15.5 ng/mL, p<0.001).
There was a statistically significant decrease in CRP
(9.34 + 4.4 mg/L versus 4.4+1.6 mg/L, p<0.001). After
the cholecalciferol treatment, hemoglobin, alkaline
phosphatase, phosphorus, and iPTH levels did not
change significantly, while there was a significant, but
not life-threatening increase in Ca and CaxP levels (7.9
[7.26-8.32] mg/dL versus 8.48 [7.55-9.25] mg/dL,
<0.001,and 36.57+7.88 versus 39.56+10.61, p=0.038).
The Ca level did not exceed the level of 10.5 mg/dL in
any of the patients. In addition, the serum albumin level
increased significantly after treatment (3.51+0.42 g/dL
versus 3.89+0.46 g/dL, p<0.001); however, uric acid

Table 1 - Subject characteristics by treatment group in patients included
in a study at Hitit University Corum Education and Research
Hospital, Corum, Turkey.

Characteristics Treatment group (n=28)
Gender (male/female) 15/13

Age (years) 52+18

Body mass index (Kg/m?) 24+5
Duration of dialysis (months) 54 (12-240)
Diabetes mellitus/hypertension 8/21
Calcitriol/paricalcitol treatment 10/2

Calcium acetate treatment (%) 25 (89.3)

Ke/V 1.42 (1.36-1.62)

Kt/ V - laboratory indicators of dialysis dosage
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Table 2 - Laboratory parameters before and after 12 weeks of cholecalciferol supplementation.

Parameter Before treatment After treatment 95% Confidence interval of the mean P-value
(n=28) (n=28) difference
Lower Upper
Hemoglobin,* g/dl 10.46 + 1.57 10.64 + 1.54 -0.784 0.434 0.560
Blood urea nitrogen,* mg/dl 68.39 + 18.28 67.61 +12.16 -5.131 6.690 0.789
Creatinine,* mg/dl 8.65+3.19 8.45 +2.88 -0.270 0.660 0.397
Albumin,* g/dl 3.51 +0.42 3.89 + 0.46 -0.528 -0.236 <0.001
C-reactive protein,* mg/L 9.35 + 4.44 4.44 +1.61 3.278 6.530 <0.001
25- hydroxyvitamin,* D ng/ml 12.52 +7.08 59.99 + 15.53 -53.396 -41.542 <0.001
Calcium,” mg/dl 7.90 (7.26-8.32) 8.48 (7.55-9.25) - - <0.001
Phosphorus,” mg/dl 4.95 (3.92-5.5) 5.00 (4.5-5.5) - - 0.871
CaxP* 36.57 +7.88 39.56 + 10.61 -5.790 -0.180 0.038
Corrected Ca,” mg/dl 8.3 (7.49-8.74) 8.52 (7.6-9.14) - - 0.017
Alkaline phosphatase,” U/L 100 (69-165) 100.5 (69-223) - - 0.079
Uric acid,* mg/dl 6.98 +1.12 6.49 +1.21 0.0973 0.888 0.016
iPTH,' pg/ml 345.50 (125.5-600) 340.60 (113.4-600.5) - - 0.732

Values are given as mean (SD) or median (range). *t-test,

mean (SD), "Wilcoxon signed-rank test, median (Q1-Q3),

Ca - calcium, P - phosphorus, iPTH - intact parathyroid hormone

levels were significantly decreased after the treatment
(6.99+1.12 mg/dL versus 6.49+1.21 mg/dL, p=0.0106)
(Table 2).

Discussion. Our results indicate that despite
allowing the fixed dose of active vitamin D and
paricalcitol treatments during the study period, a high
proportion of hemodialysis patients had 25-(OH)
vitamin D deficiency, and that treatment with
cholecalciferol increased the 25-(OH) vitamin D to
desired levels in all patients without any evidence of
significant toxicity. Some studies have reported the
results of weekly short-term,” and monthly long-
term,'® outcomes of cholecalciferol treatment; however,
there is no direct data indicating the best regimen for
HD patients.

Recently, rapid correction of vitamin D deficiency
in patients with end-stage renal failure with high-dose
treatments is becoming popular, and there are a limited
number of studies regarding this issue in HD patients.
Among the studies using a dose below 50,000 IU,
previousstudies'”'® treated patients for 9 months (20,000
IU/week) and 24 months (40,000 IU/month) and the
ratio of increasing vitamin D to the desired level (>30
ng/mL) was found to be 57% and 77%. In the studies
using 50,000 IU or more vitamin D for relatively longer
durations (6 months or more), the treatment has been
shown to be effective (15 month [100,000 IU/month],
24 weeks [50,000 IU once a week for the first 12 weeks,
and 20,000 U in the last 12 week of the study], and
6 months [50,000 IU/week for patients with 25-(OH)
D<15 ng/ml, 10,000 IU/week when 25-(OH) D was
between 16 and 30 ng/ml, and 2700 IU 3 times per
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week when 25-(OH) D levels where >30ng/ml]).'¢2
Furthermore, a study using very high doses of vitamin D
(200,000 IU/week) for a short duration (3 weeks) found
the treatment regimen to be effective with no signs of
vitamin D toxicity.”” In our study, we used a relatively
low dose of vitamin D and a short-term treatment
regimen in order to facilitate patient compliance and to
prevent potential adverse effects of high doses of vitamin
D. The prevalence of vitamin D insufficiency and
deficiency in HD patients is estimated to be between
78- 91%.'>*'% In our study, 87% of the patients had
a vitamin D level of <30 ng/mL and approximately
half (53.5%) had severe vitamin D deficiency. Because
we gave the cholecalciferol supplementation in the
summer, the treatment was not considered to be
affected by the seasonal change in sunlight exposure.
However, the vitamin D insufficiency in HD patients
might be explained partly by poor dietary intake and
inadequate sunlight exposure due to the facts that
majority of the bodies of the patients (except hands and
head) was covered, and they spent most of their time
indoors. After the treatment, all of the patients reached
desired levels of vitamin D (>30 ng/mL) without signs
of toxicity. Although we used a short-term treatment
with a dose of 20,000 IU/week, compared with the
previous studies using higher doses and longer-term
studies, we achieved the desired target in all of our
patients. This may be attributed to the fact that (i)
the drugs were administered by dialysis nurses and
compliance of the patients was good, (ii) there were no
conditions causing inadequate response such as obesity,
liver disease, or impaired intestinal absorption, (iii)
the treatment was given in the summer months when
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sunlight exposure was maximized, and (iv) the baseline
25-(OH) vitamin D level was not too low. Treatment
with vitamin D is associated with concerns regarding
hypercalcemia, hyperphosphatemia, and adynamic
bone disease; however, phosphorus, PTH, and ALP
levels remained unchanged. There was a significant, but
not life-threatening increase in Ca and CaxP levels and
Ca levels remaining between desired values. There are
inconsistent study results related to replacement therapy
with vitamin D2 or vitamin D3 in hemodialysis patients.
Some studies have reported a significant decrease in
PTH levels,>'®" while others have found no significant
change.”?*%% In light of these results, it scems to be
impossible to expect an effective treatment for secondary
hyperparathyroidism with cholecalciferol treatment
in HD patients. Various studies have suggested the
existence of non-classic effects of vitamin D including
maintaining innate immunity, anti-atherosclerotic
effect, and normalization of inflammatory reaction.*?%
Association between vitamin D deficiency and systemic
inflammation was identified in experimental studies.
Calcitriol may decrease the expression of IL-6, IL-1,
and interferon gamma, and cause the upregulation of
IL-10, which is an anti-inflammatory cytokine.?®*
Systemic inflammation is often seen in dialysis patients,
and it is a significant predictor of mortality in this
population.’® Although there are multiple causes for the
existence of inflammation, hypovitaminosis D may be
an unrecognized and a potentially reversible cause for
this situation. Our study, like other studies,"* indicates
a reduction in the inflammatory parameters, with an
increase in albumin, and a reduction in CRP. This could
reflect the anti-inflammatory effect of cholecalciferol,
and could potentially represent a new therapeutic
opportunity to reduce systemic inflammation and
mortality in CKD HD patients. However, after
effective treatment of 25-(OH) vitamin D deficiency in
HD patients, Jean et al'® found a significant increase in
albuminlevels, butno change in CRP levels. Accordingly,
in another study by Jean et al,”* no significant change in
albumin and CRP levels had been reported and finally,
Markman et al* also reported no change in IL-6 and
CRP levels. Because of these conflicting results, a large
number of randomized controlled studies are needed
to clearly suggest pleiotropic effects of cholecalciferol
treatment in HD patients. Forman et al’’ suggested that
25-(OH) vitamin D deficiency is associated with the
development of hypertension and an increase in uric
acid. Conversely, although the underlying mechanism
is unknown, uric acid levels significantly decreased
after the cholecalciferol treatment in our study. The

relationship between increased uric acid levels and
coronary artery disease has been shown in several
studies, and D’Marco et al** suggested that a uric acid
level of >6 mg/dL is associated with an increased risk of
calcification and cardiovascular events in patients with
chronic renal insufficiency undergoing dialysis. Thus,
one may suggest that the effects of 25-(OH) vitamin
D treatment on uric acid levels may contribute to
cardiovascular protection.

The limitations of this study include that this study
is a non-randomized uncontrolled design, and that we
did not measure 1,25-dihydroxyvitamin D levels.

In conclusion, vitamin D deficiency is a common
problem in Turkish hemodialysis patients. A short-term
weekly cholecalciferol treatment regimen is safe and
effective in this group of patients. According to the
results of our study, inflammatory markers were
reduced by treatment of cholecalciferol but large, long-
period, randomized and controlled studies are needed
for detecting the effect of this treatment on mortality

and morbidity.
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