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Abstract

Background: Patients with chronic kidney disease (CKD) have an exceptionally high rate of
25-hydroxyvitamin D (25-OHD) deficiency. Modest supplementation with ergocalciferol to raise
serum 25-OH-D levels might improve bone and mineral disorders in CKD. Limited evidence is
available regarding dosage of ergocalciferol supplement in CKD populations.

Objectives: The study aimed to examine the effectiveness of double-dose ergocalciferol on serum
25-OHD, serum intact parathyroid hormone (PTH) levels and mineral and safety profiles compared
with standard-dose ergocalciferol among CKD subjects.

Methods: The study employed a 12-week open labeled, randomized, controlled design among patients
with CKD at stages I1I-IV and serum 25-OHD <30 ng/mL. Patients were randomized in 2 groups:
standard dose treated with ergocalciferol as recommended by K/DOQI guidelines or double dose of
ergocalciferol from recommendations. Serum testing including 25-OHD, intact PTH, phosphate and
calcium was performed at baseline and week 12.

Results: Sixty-three patients were included [standard-dose group (N=30) and double-dose group
(N=34)]. At the end of the 12 weeks, 20 (58.8%) patients in the double dose ergocalciferol group
achieved sufficiency compared with 6 (20%) patients in the standard dose ergocalciferol group (p<0.05).
A significant increase in serum 25-OHD levels (13.649.9 vs. 8.5£6.8 ng/mL, p=0.030) and decrease in
serum PTH level group (-16.8+£26.4 vs. -0.3+26.8 pg/mL, p=0.030) was found in the double-dose group
compared with the standard-dose group. No adverse effect was associated with the treatment.
Conclusion: The study demonstrated that high dose oral ergocalciferol had higher efficacy to increase
serum 25-OHD and decrease serum PTH levels among patients with CKD than standard-dose
ergocalciferol after 12 weeks of treatment.
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Introduction

Vitamin D deficiency has a significantly
higher prevalence in chronic kidney disease
(CKD)®" and is associated with increased mortality
in CKD populations. ¥ Current evidence has
indicated that low serum 25-hydroxyvitamin D
(25-OHD) concentrations are related to higher
albuminuria, a rapid decline in renal function
and progression to dialysis among predialy-
sis patients with CKD.*® Replete 25-OHD
concentrations using vitamin D supplementation
on clinical outcomes needs to be evaluated in this
population.

Secondary hyperparathyroidism, attributed
to vitamin D deficiency, has developed among
patients with CKD progression.(” Several studies
have indicated that vitamin D supplementation
to optimal vitamin D status provided parathyroid
hormone (PTH) suppression in early stage CKD®?),
but the results were discordant concerning
beneficial effects of vitamin D supplementation.!”
Current guidelines support native vitamin D
supplementation in CKD based on extrapolation
from cohorts conducted in the general population.
An initial study demonstrated that high dose
ergocalciferol supplement for eight weeks
produced benefits on serum 25-OHD and PTH
level among subjects with CKD.") More clinical
studies need to test the optimal target of serum
25-OHD concentrations after vitamin D therapy
in CKD populations. ¥ The primary aim of the
study was to determine whether double-dose
ergocalciferol supplementation for 12 weeks was
sufficient to maintain optimal vitamin D status
and reduce serum PTH levels among patients
with CKD compared with standard dose ergocal-
ciferol supplementation.

Methods

This open labeled, randomized controlled trial
compared two dosing regimens of ergocalciferol
among patients with CKD stages III to V at Phra-
mongkutklao Hospital and College of Medicine
from October 2013 to September 2014. Patients
were included in the study if they were aged >18
years, had estimated GFR <60 ml/min/1.73 mm?
by CKD-EPI creatinine base formula and serum
25-OH-D <30 ng/dL. Patients were

excluded ifthey had vitamin D analog supplement
within 12 weeks, serum hypercalcemia, hyper-
phosphatemia, malabsorption syndrome, active
malignancy or chronic illness with life expectancy
<6 months. The study was approved by the
Institutional Review Board of the Royal Thai
Army Medical Department. Written informed
consent was obtained from all subjects.

Study patients were randomized by a block
of four randomizations assigned to two groups.
The sample size calculated from the previous
study was used to determine the mean difference
of intact-PTH between standard dose ergocalciferol
and double dose ergocalciferol. 'V To test the
hypothesis, approximately 28 individuals per
group plus dropout rate 20% were selected.
Finally, 64 patients were included in this study.
The standard dose ergocalciferol was prepared
according to regimen based on KDOQI
recommendations: (50,000 IU of ergocalciferol
once weekly for 8 weeks for serum 25-OHD
<5 ng/mL, 50,000 IU of ergocalciferol once
weekly for 4 weeks for serum 25-OHD 5-15 ng/mL
and 50,000 IU of ergocalciferol once monthly
for 8 weeks for serum 25-OHD 16-30 ng/mL and
then 50,000 IU of ergocalciferol once monthly).
The double dose ergocalciferol was prepared
from the KDOQI recommended dose. Follow-up
visits were performed at 4, 8, and 12 weeks and
at start and end of treatment with serum calcium,
phosphorus, intact PTH and 25-OHD levels were
measured. A 12-week follow-up visit was included
to assess response durability. Serum total
25-OHD and intact-PTH levels were measured
using electrochemiluminescence binding assay
(Elecsys and Cobas e 601 immunoassay analyzers,
Roche Diagnostics).

The primary endpoint was achieving vitamin
D sufficiency (25-OHD >30 ng/mL) at the end
of the 12-week treatment period. Secondary
endpoints included measures of mineral
metabolism (calcium, phosphate and parathyroid
hormone [PTH] levels). Mild, moderate and
severe vitamin D deficiency were defined as
serum 25 OH-D 16-30, 5-15 and <5 ng/mL,
respectively. Adverse events that were or were
not considered to be related to treatment were
monitored during the study.
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Figure 1. Flow chart study
Table 1. Baseline characteristics of enrolled participants
Standard Dose Double Dose Ergo- p-value
Ergocalciferol calciferol (N=34)
(N=30)
Male (%) 15 (50) 19 (57.6) 0.547
Age (years) 69.2+11.6 66.9+13.6 0.479
Body weight (kg) 66.6+15.0 63.6=13.1 0.404
Body mass index (kg/m?) 25.0+5.9 23.7+ 4.1 0.297
Systolic blood pressure (mmHg) 136.2+13.9 139.5+18.3 0.435
Diastolic blood pressure (mmHg) 74.949.0 76.8+13.2 0.506
Comorbid diseases (N, %)
Hypertension 27 (90) 30 (90.91) 1.000
Type 2 diabetes 14 (46.7) 15 (45.5) 0.923
Dyslipidemia 18 (60) 22 (66.7) 0.583
Cardiovascular disease 3 (10) 3(9.1) 1.000
Gout 5(16.7) 3(9.1) 0.462
Chronic kidney disease staging (N, %)
Stage I1I 21 (70) 20 (60.61) 0.575
Stage IV 8 (26.7) 10 (30.3)
Stage V 1(3.3) 3(9.09)
Vitamin D status (N, %)
Mild vitamin D deficiency 17 (56.7) 16 (48.48) 0.516
Moderate vitamin D deficiency 11 (36.7) 16 (48.48) 0.344
Severe vitamin D deficiency 2 (6.7) 1(3.03) 0.601

Data are mean + SD and percentage. Mild, moderate and severe vitamin D deficiency are defined as
serum 25 OH-D 16-30, 5-15 and <5 ng/mL, respectively. The standard dose ergocalciferol was prepared
according to regimen based on KDOQI recommendations and the double dose ergocalciferol was
prepared from KDOQI recommended dose
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Study patients were followed for toxicity and
compliance every four weeks during treatment.
Any patients with serum calcium >10.5 mg/dL,
serum phosphate >5.5 mg/dL and serum 25
OH-D > 80 ng/mL were immediately withdrawn
from the study and the primary care physician
was notified. Pill counts were used to track
compliance.

Statistical Analysis

Clinical, and laboratory data were collected
and entered in an electronic database. Categorical
data were compared using the Chi-square
test and Fisher’s exact test. Comparison of
continuous variables between two groups was
tested using the Student t-test and Mann-Whitney
U test. Paired t-tests and Wilcoxon signed ranks
sum test were used to analyze the differences
between various parameters at baseline and after
treatment. All statistical analyses were performed
using SSPS Software Program, Version 16.1 and
p<0.05 was considered significant. Values were
expressed as mean + SD and percentage.

Results

A total of 118 patients in the outpatient
department were screened for possible study
enrollment (Figure 1). Sixty-three patients were
eligible according to the entry criteria. Thirty
patients were assigned to the standard dose
ergocalciferol group and 34 patients were
assigned to the double dose ergocalciferol group.
Two groups were similar with respect to age, sex,
clinical characteristics and baseline laboratory
profiles including serum 25(OH)D, calcium,
phosphate and PTH levels (Tables 1 and 2).
Mean serum 25-OHD level was 18.7+7.2 ng/mL
and mean plasma intact PTH level was
94.74+68.5 pg/mL. Thirty-three patients (51.5%)
had mild vitamin D deficiency (25-OHD level, 16
to 30 ng/mL), 27 patients (42.8%) had moderate
vitamin D deficiency (25-OHD level, 5 to
15 ng/mL) and 3 patients (4.7%) had severe
vitamin D deficiency (25-OHD level, <5 ng/mL).
In total, 41 patients (66.6%) had CKD stage III,
18 patients (28.5%) had CKD stage IV and 3
patients (4.7%) had CKD stage V.

Table 2. Baseline biochemical data of enrolled participants

Standard Dose Double Dose p-value
Ergocalciferol Ergocalciferol
(N=34)
(N=30)

Serum 25-OHD (ng/mL) 18.9+£7.3 18.2+7.4 0.660
Intact PTH (pg/mL) 94.8+70.7 94.6+65.4 0.990
BUN (mg/dL) 28.8£16.4 29.9+19.1 0.815
Cr (mg/dL) 42+12.1 2.1+0.9 0.321
Serum calcium (mg/dL) 9.1£0.4 9.3+£0.4 0.097
Serum phosphate (mg/dL) 3.6+1.3 3.5£0.4 0.719
Hb (g/dL) 11.42 +1.55 11.84 £1.93 0.357
Plasma sodium (mmol/L) 138.79 £3.19 139.86 £2.45 0.138
Plasma potassium (mmol/L) 421 +047 434+ 0.54 0.137
Plasma chloride (mmol/L) 103.42 +3.82 104.46 +3.24 0.247
Plasma bicarbonate (mmol/L) 23.92+£3.22 23.6+3.3 0.699

Data are mean = SD. No significant difference was detected in both groups. Standard dose
ergocalciferol was prepared according to regimen based on KDOQI recommendations and the double
dose ergocalciferol was prepared from the KDOQI recommended dose.
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Table 3. Change of serum 25-OHD, parathyroid hormone, calcium, and phosphate levels after

ergocalciferol treatment

Standard Dose Ergo- Double Dose Ergo- p- value
calciferol calciferol
(N=130) (N=34)

Serum 25-OHD (ng/mL)

Baseline 18.9+7.3 18.2+7.4 0.660

At 12 weeks 27.9+10.1 32.149.0 0.111

p- value <0.001 <0.001

- Mean change 8.5+6.8 13.6+£9.9 0.030

Intact PTH (pg/mL)

Baseline 94.8+£70.7 94.6+65.4 0.990

At 12 weeks 96.6+£82.9 77.4+52.4 0.326

p- value 0.961 0.004

Mean change -0.3+26.8 -16.8+£26.4 0.030
Serum calcium (mg/dL)

Baseline 9.1+0.4 9.3+0.4 0.097

At 12 weeks 9.3+0.4 9.0£1.2 0.833

p- value 0.791 0.562

Mean change -0.2+1.2 -0.3+1.1 0.743
Serum phosphate (mg/dL)

Baseline 3.6£1.3 3.5+0.4 0.719

At 12 weeks 3.6+0.8 3.5£0.5 0.561

p- value 0.338 0.584

Mean change 0.0+1.4 0.1£0.5 0.899

Data are mean = SD. The standard dose ergocalciferol was prepared according to regimen based
on KDOQI recommendations and the double dose ergocalciferol was prepared from KDOQI recommended

dose.

After 12 weeks of supplement with ergo-
calciferol, 20 (58.8%) patients in the double
dose ergocalciferol group achieved sufficiency
compared with 6 (20%) patients in the standard
dose ergocalciferol group (p<0.05) (Figure 2).
A significant increase was observed in serum
25-OHD levels from 18.9+7.3 to 27.9+10.1 ng/
mL in the standard dose ergocalciferol group
(»<0.001) and 18.2+7.4 to 32.1+£9.0 ng/mL in
the double dose ergocalciferol group (p<0.001).
Also, a significantly greater increase of serum
25-OHD levels was found in the double dose
ergocalciferol group compared with the standard
dose ergocalciferol group (mean change
13.6£9.9 vs. 8.5+6.8, p =0.030, respectively)
(Table 3).

Regarding secondary outcomes, serum PTH
levels significantly decreased from 94.6+65.4 to
77.4£52.4 at 12-weeks (p=0.004) in the double
dose ergocalciferol group, while no change was
found in the standard dose ergocalciferol group.
A significantly greater decrease in serum intact
PTH was observed in the double dose ergocal-
ciferol group as compared with the standard dose
ergocalciferol group (mean change -16.84+26.4 vs.
-0.3£26.8, p=0.030, respectively) (Table 3).
No differences in serum Ca and phosphate were
detected between groups at any of the study
visits, and no patients exhibited any serious
adverse events during the study.
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Vitamin D sufficiency after 12 weeks of ergocalciferol
supplement
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Percentage of patients with vitamin sufficiency (serum 25-OH-D 2 30 ng/mL) was difference in the both treatments with *p value <0.05.

Figure 2. Vitamin D status after treatment with double dose ergocalciferol compared with standard

dose ergocalciferol

Discussion

Progressive vitamin D deficiency worsens
from CKD stages III-IV. Extrarenal conversion
of 25(OH)D to 1,25(OH)2D by macrophages
leads to autocrine and paracrine effects on
immune function and inflammatory responses.!?
Thus, replacing 25-OHD by native vitamin D
supplementation regimens would be beneficial
even among patients with CKD while supple-
mentation regimens remain debatable among
patients with CKD. Many regimens using
either ergocalciferol or cholecalciferol have been
reportedand dataare limited regarding appropriate
dosing, safety and efficacy. Our study indicated
that double dose ergocalciferol was more
efficient to increase serum vitamin D levels and
decrease serum PTH levels. No notable persistent
changes were observed regarding serum calcium
and phosphate levels.

Vitamin D deficiency has been suggested to
constitute a risk factor for hyperparathyroidism
and low serum 25(OH)D levels cause a negative
calcium balance, high bone turnover, secondary
hyperparathyroidism and decreased bone
mineraldensity among patients with CKD.(4!9
Conventional dose vitamin D supplement including

ergocalciferol supplement showed benefit
concerning level of PTH in only early CKD
stage II1"9, but other studies failed to show
benefit to control of PTH among patients with
CKD stages 3 to 4.7 ™ Inadequate and short
duration of vitamin D supplement might not be
sufficient to correct abnormal bone metabolism.
Serum 250H-D level correlated positively with
serum calcitriol level and negatively with serum
PTH level among advanced patients with CKD.®
Later studies have found that high dose ergocal-
ciferol or cholecalciferol supplement produced
positive effects in suppressing PTH level among
subjects with CKD.(! 1% 29 One meta-analysis
and systematic review suggested that native
vitamin D supplement improved serum 25-OHD
and was associated with declined PTH levels
with low incidence of hypercalcemia and hyper-
phosphatemia among nondialysis patients with
CKD.®" This was consistent with our finding
that oral high dose ergocalciferol for 12 weeks
had a beneficial effect in decreasing serum PTH
and achieving vitamin D sufficiency among
patients with CKD. Possibly patients with
advanced CKD stages may require a higher
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dose of native vitamin D supplement to increase
biologically active vitamin D production,
reversing resistance to paricalcitol induction and
suppressing parathyroid gland enlargement.?
The discrepancies of native vitamin dosage in
the general population and among patients with
CKD might be related to differences in gastro-
intestinal absorption, liver metabolism and
vitamin D receptor genetic polymorphisms. ¥
We assessed any potential adverse effects of short
term vitamin D treatment. We found no differences
in adverse events between groups, including
hypercalcemia, hyperphosphatemia, hospitalizations
and cardiovascular events. The finding is
consistent with previous data of patients with
CKD. ®» One limitation was single center studies
may limit generalizability to other populations.
Our study was also limited by a short follow-up
of 12 weeks without apparent treatment-related
benefits on cardiovascular events and renal
outcomes among patients with CKD. Further
study is needed to confirm these outcomes.

In conclusion, replacing double dose ergo-
calciferol over 12 weeks resulted in increased
vitamin D sufficiency status and decreased PTH
levels among patients with CKD stages 3 to 5
without any hypercalcemia or hyperphosphatemia
compared with standard dose ergocalciferol.
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