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INTRODUCTION

Suboptimal levels of vitamin D are prevalent in patients
with chronic kidney disease (CKD).'Potential benefits of
addressing vitamin D deficiency are based on findings that
poor vitamin D status is associated with the pathogenesis
or worsening of various diseases and conditions such

as bone disease, cardiovascular disease, autoimmune
disorders, malignancies, musculoskeletal weakness, and
insulin resistance.>*4° Clinical practice guidelines for
patients with CKD recommend supplementation with
either ergocalciferol or cholecalciferol, but the optimal
treatment regimen is not known 8’ This publication focuses
on the assessment of vitamin D status and the benefits
and limitations of vitamin D supplementation for treating
secondary hyperparathyroidism (SHPT) in stages 3-4 CKD.

Indications for Vitamin D Replacement

Vitamin D deficiency is a major concern in patients

with CKD. Causes of 1,25(0OH),D (calcitriol) and 25(OH)

D (calcidiol, calcifediol) deficiency in the CKD population
include inadequate vitamin D intake due to a low
phosphate diet (limited intake of milk fortified with vitamin
D), limited exposure to sunlight, loss of vitamin D-binding
protein due to proteinuria, or inadequate absorption of
vitamin D from the gastrointestinal (Gl) tract. Additionally,
as kidney disease progresses, the kidney's lose the ability
to convert 25(0OH)D to active 1,25(0H),D. The pathological
consequences of loss of kidney function begin to
manifest with phosphate retention, which upregulates
FGF23, leading to inhibition of 1-a hydroxylase, as well

as stimulating Cyp24 catabolism of 1,25(0H),D# An
experimental model also showed that hepatic production
of calcidiol is reduced in uremia, which may lead to low
levels of 1,25(0OH),D.? The following patient groups are at
high risk of vitamin D deficiency and, therefore, may require
a higher dose of vitamin D supplementation:'©

- Older patients - With aging, the skin cannot efficiently
synthesize vitamin D due to decreases in the epidermal
concentrations of the precursor 7-dehydrocholesterol.
Older patients also spend less time outdoors in the sun
and usually have inadequate vitamin D intake.

- Patients with limited sun exposure - Patients who are
homebound, work indoors or live in northern latitudes, as
well as women who wear robe-like garments and head
coverings, are less likely to obtain adequate vitamin D
from sunlight due to limited sun exposure. Sunscreen
may also play a role in reducing vitamin D synthesis.

« Patients with dark skin-Greater amounts of melanin in
the epidermal layer reduce the skin's ability to produce
vitamin D from sunlight.

- Patients with inflammatory bowel disease and other
conditions that may cause malabsorption-Vitamin D is
a fat soluble vitamin and its absorption relies on the Gl
tract’s ability to absorb dietary fat. Fat malabsorption is
commonly associated with some forms of liver disease,
cystic fibrosis, celiac disease, Crohn’s disease, and
ulcerative colitis.

- Patients who are obese - Greater amounts of
subcutaneous fat sequester more vitamin D and reduce
its release into the circulation.

- Patients who have undergone gastric bypass surgery
-This procedure bypasses part of the small intestine
where most vitamin D is absorbed.

Differences in patients’ ability to absorb, use, and
adequately activate vitamin D, as well as the risk for vitamin
D toxicity, underscore the need to regularly monitor serum
vitamin D levels in order to select the optimal loading and
maintenance dose of vitamin D" There is a risk of vitamin D
toxicity with long-term use of vitamin D supplementation,
especially above 10,000 IU/day.”? Studies in healthy normal
individuals suggest that the optimal serum 25(OH)D range
for preventive health is between 20-50 ng/ml, based on
endpoints such as all-cause mortality(see Figure 1), and
cancer rates.(see Figure 2)"3“ The Endocrine Society
reports that the optimal 25(OH)D level is above 30 ng/ml."®
In an observational cohort study, the Copenhagen vitamin
D (CopD) study, researchers found a reverse J-shaped
association between serum 25(OH)D and cardiovascular
mortality, with the lowest mortality rate at 28 ng/ml (70
nmol/L).® The authors could not determine whether this
was a causal or associational finding and indicated the
need for randomized clinical trials that examine the effects
of 25(0H)D levels > 40 ng/ml (100 nmol/L). A cross-
sectional analysis of unselected patients with stages 1-5
CKD indicated that serum 25(OH)D levels around 40-50
ng/ml may be a safe and efficacious treatment target for
SHPT in CKD, but additional studies are needed to examine
this idea.”

Figure 1. Associations between 25(0OH)D (ng/mL)
levels and all-cause mortality."
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Figure 2. Association between 25(OH)D (nmol/L)
levels and CVD mortality.”
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association between serum 25-hydroxyvitamin D and cardiovascular
disease (CVD) mortality: The CopD study. J Clin Endocrinol Metab.
2015;100:2339-2346. Copyright 2015 Endocrine Society.

Vitamin 25(OH)D Measurement

The major circulating form of vitamin D is 25(OH)D. Clinical
practice guidelines suggest that serum total 25(OH)D

be measured in patients with CKD stages 3-5D, and that
repeat testing depends on baseline values and therapeutic
interventions.®’ The best approach to assess vitamin D
status is measurement of serum 25(OH)D because it

has a long half-life in the blood (approximately 3 weeks);
however, the available assays for serum 25(OH)D are not
well standardized and the definition of deficiency has

not been validated.® A new assay for 25(OH)D is under
development that may allow clinicians to use a portable
hardware device directly at the point-of-care to determine
vitamin D status.®

Within- and between-assay variations in serum 25(OH)D
measurement make it difficult to define hypovitaminosis
D and cause problems when pooling study results in
systematic reviews to determine dose-response and/

or clinical cut points.2'920.2' Therefore, standardization

of 25(OH)D measurement in both clinical and research
laboratories is needed. The Vitamin D Standardization
Program (VDSP) is an international collaborative endeavor
to standardize the laboratory measurement of vitamin D
status. It was established by the National Institute of Health
(NIH) Office of Dietary Supplements (ODS) in November
2010. The goal of VDSP is to improve the detection,
evaluation, and treatment of vitamin D deficiency and
insufficiency by promoting the standard measurement of
serum 25(OH)D by making it accurate and comparable
over time, location, and laboratory procedure.??

Most 25(OH)D is carried in the blood bound to a serum
transport protein termed vitamin D-binding protein.
Isoforms of the vitamin D-binding protein affect serum
25(OH)D levels and may explain why African Americans/
blacks have a lower risk for fractures than any other ethnic
group, despite having lower levels of serum 25(OH)D."
Therefore, an assay of circulating 25(OH)D that correlates
with the health-promoting effects of vitamin D remains to
be identified. Ongoing research suggests there may be
near-term changes in the overall approach to assessing
vitamin D status. Possible vitamin D metabolites for
consideration might include bioavailable 25(OH)D, (not
bound to vitamin D-binding protein), 1,25(0H),D, (active
form), 24,25(0H),D, (catabolite), or something not
presently known?

Strategies for Vitamin D Supplementation

There is a consensus to support repletion of 25(OH)D in
patients with CKD. Clinical practice guidelines suggest
correcting 25(0OH)D deficiency or insufficiency in CKD
using the same treatment strategies as for the general
population. The guidelines also suggest individualized
treatment with active vitamin D, such as calcitriol or
vitamin D analogs, in patients with CKD stages 3-5 (non-
dialysis) with progressively increasing intact parathyroid
hormone (PTH) levels despite correction of modifiable
factors®7However, there is insufficient evidence that
supplementation with cholecalciferol or vitamin D
analogs improves clinical outcomes.?*>?* The amount

of level 1 evidence on the risks and benefits of 25(OH)

D supplementation is limited, therefore clinicians must
individualize vitamin D treatment according to their
clinical judgement®

The available forms of nutritional vitamin D therapy for
patients with CKD are ergocalciferol and cholecalciferol.
(see Table 1) Studies examining the bioequivalence of
ergocalciferol and cholecalciferol are inconclusive, but
suggest that ergocalciferol may be less potent® 2 There
is also controversy as to the effectiveness of vitamin D
supplementation with ergocalciferol and cholecalciferol in
patients with CKD. One study showed that CKD patients
treated with cholecalciferol experienced treatment
resistance in increasing serum 25(OH)D levels to a pre-
selected target level, while data from the CRIC study
showed that increased vitamin D supplementation was
associated with greater serum 25(OH)D levels, with a dose
response relationship.? 2 Patients with vitamin D resistance
tend to have lower initial estimated glomerular filtration
rate (eGFR), higher PTH, lower albumin, higher serum
phosphate, and lower 25(OH)D levels.”

Clinical trials show that synthetic vitamin D analogs (eg.
paricalcitol and doxercalciferol) are safe and efficacious for
the treatment of SHPT in patients with CKD,?* 3 whereas a
review of active versus nutritional vitamin D compounds
concluded that studies of cholecalciferol and ergocalciferol
showed either no changes in PTH (CKD stages 5 and 5D),
or minimal to inadequate changes in PTH (CKD stages 3 to




5), or changes that did not meet the targets suggested in
clinical practice guidelines (CKD stage 3).%' In a study that
compared conventional versus high ergocalciferol doses
in CKD stages 3-4, treatment with high dose ergocalciferol
resulted in a significantly greater increase of 25(OH)D
levels and a significantly greater decrease in PTH levels
(90.75 to 76.4 pg/ml), with no changes in serum calcium
or phosphate *?

In a clinical trial comparing ergocalciferol and paricalcitol
for treating SHPT in patients with CKD stages 3-4,
paricalcitol showed significantly higher efficacy at
decreasing PTH levels.® After 16 weeks of therapy,

serum 25(OH)D levels increased significantly in the
ergocalciferol group, but not in the paricalcitol group. In a
smaller, randomized clinical trial, there was no significant
difference between cholecalciferol and doxercalciferol
for the management of SHPT in patients with CKD stages
3-4, with PTH decreases of 10% and 27% respectively.®
The lack of statistical significance may be due to a small
sample size. Serum total 25(OH)D increased from 14 to
37 ng/mL with cholecalciferol treatment, with no change
in the doxercalciferol group. Additionally, cholecalciferol
had a greater effect on reducing PTH levels in patients
with CKD stage 3 versus stage 4. This is consistent with
other studies suggesting that the ability of cholecalciferol
or ergocalciferol to reduce PTH relies on residual renal
function.® 3687 Therefore, supplementation with vitamin
D to correct vitamin D deficiency may improve PTH levels
in patients with CKD stage 3, but may be less effective in
patients with CKD stages 4 and 5.

Calcifediol

A novel approach to vitamin D repletion using calcifediol
(25(OH)D,) is under investigation (see Table 1). In a study of
healthy females, supplementation with calcifediol was 2-3
times more effective in increasing serum 25(0OH) D levels
than cholecalciferol *® Serum 25(OH)D levels of 30 ng/

mL were achieved in less time with calcifediol (2 weeks)
compared to cholecalciferol (9 weeks). In a trial of patients
with CKD stages 3 and 4, calcifediol was provided in bolus
intravenous (IV) or modified-release oral forms.*° Bolus IV
calcifediol produced rapid increases in both serum 25(OH)
D and calcitriol, causing surges in serum FGF23, and
induction of tissue levels of CYP24A1.In contrast, modified-
release oral calcifediol produced gradual increases in both
serum 25(0OH)D and calcitriol without inducing FGF23

or CYP24A1. The CKD patients who received modified-
release oral calcifediol also had improved plasma PTH
levels. A study of patients with CKD stages 2-4 with SHPT
and vitamin D deficiency showed that treatment with 30,
60 or 90ug over 6 weeks of modified-release calcifediol
increased serum 25(OH)D levels to >30ng/ml in more than
90% of subjects and reduced plasma PTH by >30% in more
than 60% of subjects at dosages >60 pg/d.*

Table 1. Nutritional Vitamin D Supplements

Supplements Reported Results  Dosing

Ergocalciferol? 2642 May be equal to or 50,000-
less potent than 100,000 U/
cholecalciferol. week

Cholecalciferol®®*34  May be equal toor > 2000-5000 IU/
2 times more potent  day

in raising serum

25(OH)D levels than

ergocalciferol.

Calcifediol® 445 May be equal to Modified
or 2-3 times more release; 30-60
potent in increasing  pg/day

serum 25(OH)D than
cholecalciferol.

Medication Interactions

Certain medications may interact with vitamin D
supplementation. For example, corticosteroid medications
such as prednisone can reduce calcium absorption and
impair vitamin D metabolism. The weight loss drug orlistat
and the cholesterol lowing drug cholestyramine can
reduce vitamin D absorption. Phenobarbital and phenytoin
increase the hepatic catabolism of vitamin D to inactive
compounds and reduce calcium absorption.©

SUMMARY

Patients with CKD are at high risk for vitamin D deficiency
and the risk may increase with differences in patients’
ability to absorb, use, and adequately activate nutritional
vitamin D. Hypovitaminosis D is difficult to define due to
variation between vitamin D assays. Therefore, the VDSP is
leading an international collaborative effort to standardize
serum 25(OH)D measurement. Research also suggests the
potential for using bioavailable 25(OH)D or other vitamin D
metabolites to more accurately assess vitamin D status in
the future.

The goal of vitamin D therapy in CKD is to correct vitamin
D deficiency, improve abnormal mineral homeostasis,
and to lower the risk and progression of SHPT. Best
clinical practice supports vitamin D supplementation
with either ergocalciferol or cholecalciferol for patients
with CKD. Modified-release calcifediol is a novel vitamin
D replacement therapy which may be safe and highly
effective in treating SHPT in patients with CKD stages
3and 4.
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