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Abstract In the late 1970s, calcitriol was introduced into
clinical practice for the management of secondary renal
hyperparathyroidism in chronic kidney disease (CKD).
Since then, the use of calcifediol or other native forms of
vitamin D was largely ignored until the publication of the
2009 Kidney Disease Improving Global Outcomes
(KDIGO) recommendations. The guidelines suggested that
measurement of circulating levels of 25(OH)D (calcifediol)
and its supplementation were to be performed on the same
basis as for the general population. This indication was based
on the fact that the precursors of active vitamin D had provided to CKD patients considerable benefits in survival,
mainly due to their pleiotropic effects on the cardiovascular

system. However, despite the long-term use of various
classes of vitamin D in CKD, a clear definition is still lacking
concerning the most appropriate time for initiation of therapy, the best compound to prescribe (active metabolites or
analogs), the proper dosage, and the most suitable duration of
therapy. The aim of this position statement is to provide and
critically appraise the current plentiful evidence on vitamin
D in different clinical settings related to CKD, particularly
focusing on outcomes, monitoring and treatment-associated
risks. However, it should be taken in account that position
statements are meant to provide guidance; therefore, they are
not to be considered prescriptive for all patients and,
importantly, they cannot replace the judgment of clinicians.
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Introduction
The native form of vitamin D is produced endogenously
from cholesterol as vitamin D3 (cholecalciferol). In skin,
7-dehydrocholesterol is converted to pre-vitamin D3 by a
narrow band of solar ultraviolet (UV) radiation
(290–315 nm) and thereafter it is isomerized by the body’s
temperature to vitamin D3 [1]. On the other hand, vitamin
D2 (ergocalciferol) is derived from the sterol ergosterol of
plants and the main intake is through diet. However, only
less than one-third of the native form of vitamin D originates from food as vitamin D2 or as vitamin D3 [2]. Of
note, very few foods contain vitamin D (e.g. fatty fish, fish
liver oil, mushrooms and egg yolk) and vitamin D status is
generally maintained by exposure to sunlight [3].
If sunlight exposure is adequate, dietary supplementation of vitamin D can be unnecessary [4]. In contrast to
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intermittent, short-term, high-dose solar UV-exposure, a
more chronic and less intense exposure is recommended to
obtain a sufficient vitamin D status without increasing the
risk for skin cancer [5]. Indeed, vitamin D has been shown to
inhibit proliferation and induce differentiation in melanoma
cells [6]. But although some data suggest a protective role for
vitamin D and/or analogs in the prevention and treatment of
melanoma and other skin cancers, other data indicate a
potential association between vitamin D levels and incidence
of these neoplasms [7, 8]. Whether the beneficial effect of
sunlight exposure in terms of dermal vitamin D production
may overcome the risk of neoplastic skin lesions depends on
several factors, including skin phototype and genetic susceptibility to the disease [7, 9]. In general, the question of
how much sunlight we need to produce enough vitamin D
without increasing the risk of skin cancer is still debated.
However, there is no doubt regarding the fact that sunburn
certainly causes melanoma and it must be avoided, also given
that sunburn does not activate more vitamin D [10].
The dermal production of vitamin D is not an enzymatic
process [11]. The D2 and D3 differ only in their structure
and the differences do not affect the activation process.
Both forms function as prohormones and when activated
exhibit identical biological responses [12]. Conversely, the
main steps in vitamin D metabolism, such as 25-hydroxylation, 1a-hydroxylation, and 24-hydroxylation are all
enzymatic processes performed by cytochrome P450
mixed-function oxidases (CYPs). The liver is the major if
not sole source of 25(OH)D production from native vitamin
D. The native vitamin D2 and D3 are both 25-hydroxylated
to 25(OH)D (calcidiol or calcifediol) by several 25-hydroxlases, such as CYP27A1 and CYP2R1 [11].
CYP2R1 25-hydroxylates both D2 and D3, unlike
CYP27A1 which does not 25-hydroxylate vitamin D2.
Thus, CYP2R1 appears to be the major 25-hydroxylase, but
other enzymes may have different degrees of 25-hydroxylase activity, such as CYP3A4, CYP2J2/3, CYP2D11,
CYP2C11 and CYP2D25 [13]. The hepatic 25-hydroxylation is induced by the availability of the substrate D2 and
D3 and is not inhibited by the concentrations of its product
25(OH)D. Thus regulation of vitamin D 25-hydroxylation
is not a major concern, and circulating levels of 25(OH)D
are commonly considered useful markers of vitamin D
status. Nevertheless, the kidney is essential for maintaining
adequate serum 25(OH)D levels by means of the megalinmediated uptake of 25(OH)D from the glomerular ultrafiltrate and its recycling into to the circulation [14].
The 25(OH)D uptaken from the glomerular ultrafiltrate
may also be 1-a-hydroxylated in the kidney to produce the
fully active form 1,25(OH)2D (calcitriol). Unlike 25-hydroxylation, there is only one enzyme recognized to have
1a-hydroxylase activity, i.e. CYP27B1. Unlike the hepatic
25-hydroxylases, the renal 1-a-hydroxylase is substrate-
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independent but is tightly regulated by several factors. In
the kidney the activity of CYP27B1 is primarily stimulated
by parathyroid hormone (PTH) and suppressed by both
fibroblast growth factor 23 (FGF23), and 1,25(OH)2D itself
[11]. The renal CYP27B1 activity can be secondarily
suppressed by calcium via PTH as well as by phosphate via
FGF23, although a direct effect of these ions on renal 1ahydroxylation cannot be excluded. Of note, circulating
25(OH)D can also be 1-a-hydroxylated in extrarenal cells
that express CYP27B1, such as keratinocytes and macrophages. Regulation of extrarenal CYP27B1 differs from the
renal one: it is site-dependent, and involves several hormones and inflammatory molecules [15]. However the
kidney is the major if not sole source of circulating
1,25(OH)2D and its extrarenal percentage is negligible
[11].
Both calcidiol and calcitriol are transported in the blood
by the vitamin D binding protein (DBP) and are catabolized through a 24-hydroxylation process involving the
24-hydroxylase CYP24A1 [16]. Interestingly, the circulating calcitriol levels are in the picomolar range, while
circulating calcidiol has a much higher concentration in the
nanomolar range. DBP is produced primarily by the liver
and represents the major carrier protein of 25(OH)D and its
metabolites in the circulation. Most 25(OH)D and
1,25(OH)2D circulates as bound to DBP (85–90 %) [17]. A
smaller part circulates weakly bound to albumin, while less
than 1 % circulates in its free form [18]. The DBP-bound
vitamin D is relatively unavailable to target tissues, hence
DBP levels or affinity could affect both vitamin D bioactivity and bone health [17]. The circulating DBP-bound
vitamin D reaches the liver, kidney and other cellular
activation sites and is stored in the adipose tissue. Finally,
the bioactive vitamin D fraction exerts its biological
functions in target tissues and is catabolized by 24-hydroxylase (CYP24A1) to inactive forms. The ubiquitous
CYP24A1 represents a powerful catabolic enzyme provided with both 24-hydroxylase and 23-hydroxylase
activities, hence being able to prevent the accumulation of
toxic levels of 1,25(OH)2D and 25(OH)D [19]. The regulation of CYP24A1 is reciprocal to that of CYP27B1, or at
least this is so in the kidney [20]. The activity of CYP24A1
produces the biologically inactive calcitroic acid, but it is
also able to induce few biologically active metabolites.
All genomic actions of biologically active vitamin D are
mediated by the vitamin D receptor (VDR). Ubiquitously
present in cells and tissues, the VDR exerts an extensive
biological response, when activated by ligand-binding, via
regulation of gene transcription and stimulation of intracellular signaling pathways [21]. The profile of VDR
bioactivity and involved genes varies from cell to cell, but
the active transcription unit is predominantly, although not
exclusively, the VDR/RXR heterodimer [11]. The major
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endocrine action of VDR is to regulate mineral and bone
homeostasis in intestinal, renal and bone tissues. In fact,
VDR activation leads to calcium and phosphate intestinal
absorption as well as to renal calcium tubular reabsorption
[22, 23]. Of note, vitamin D activity can directly regulate
bone metabolism when insufficient calcium is acquired
through diet or absorbed by the intestine, enhancing bone
resorption and suppressing bone matrix mineralization [24,
25]. In addition, VDR activation suppresses PTH secretion
by parathyroid glands and enhances FGF23 production by
osteocytes [26, 27]. More recently, vitamin D has been
shown to exert autocrine or paracrine activities in multiple
cell functions including inhibition of cellular proliferation
and stimulation of cell maturation which may involve skin,
the immune system and colonic, breast and prostate cells
[28].
Indeed vitamin D activity depends firstly on an adequate vitamin D status, as indicated by the circulating
level of 25(OH)D. Reports outlining significant health
risks associated with inadequate vitamin D status generate
considerable interest in the scientific and medical communities. In chronic kidney disease (CKD) and other
chronic disorders, vitamin D insufficiency (serum
25(OH)D \30 ng/ml) is very common and is associated
with adverse outcomes [29], but intervention studies and
randomized controlled trials (RCTs) in this field are still
lacking. Plasma levels of 25(OH)D should be measured
during the late summer and winter months because vitamin D levels show seasonal variation related to sun
exposure [30]. Nevertheless, diverse forms of vitamin D
have been used by nephrologists from many years in the
prevention and treatment of renal hyperparathyroidism. In
the last two decades, selective active vitamin D metabolites (paricalcitol, maxacalcitol) have been used to reduce
circulating PTH with minor changes in calcium and
phosphate concentrations compared to the non-selective
calcitriol. However, there are many open questions
regarding the optimal nutritional vitamin D to prescribe,
and the most suitable dose and effectiveness of co-administration of nutritional vitamin with active vitamin D
compounds. The latter issue is of clinical relevance in
treating CKD patients who frequently have both hyperparathyroidism and 25(OH)D deficiency.

Vitamin D in non-dialysis CKD patients
Therapy with nutritional and active vitamin D in predialysis CKD patients pivots on four major issues: (1) how
to deal with 25(OH)D deficiency, (2) when and how to treat
secondary hyperparathyroidism and CKD mineral bone
disorders (CKD-MBD), (3) potential efficacy of different
formulations of vitamin D on proteinuria, left ventricular
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hypertrophy (LVH) and anemia, (4) existing evidencebased effects of vitamin D administration on clinical hard
endpoints.
Although the correction of low 25(OH)D serum levels is
encouraged by observational data linking 25(OH)D deficiency to unfavorable clinical outcomes and mortality risk
in the general population and CKD patients [31–39], the
optimal targets of 25(OH)D circulating levels and the best
approach to obtain vitamin D replenishment remain
unknown. Many international guidelines have provided
heterogeneous definitions of 25(OH)D deficiency and
insufficiency and they suggest different therapeutic strategies for 25(OH)D replenishment in the general population
[40–42] and in CKD patients [43–47] (Table 1). Notably,
the thresholds of a normal 25(OH)D range remain uncertain and are mainly based on epidemiological data derived
from the general population. Furthermore, the normality of
25(OH)D levels should be in reference to the expected
vitamin D actions as PTH secretion and bone health, at
least. A deeper discussion about the normal 25(OH)D
levels remains beyond the scope of the present position
paper. Thus, in agreement with renal guidelines, it is the
opinion of the Authors of this consensus statement that the
achievement of 25(OH)D levels [30 ng/ml seems a reasonable target for the prevention and treatment of secondary hyperparathyroidism in CKD patients. Three
nutritional forms are currently available for 25(OH)D
replenishment: the two pro-drugs cholecalciferol and
ergocalciferol (both requiring conversion by hepatic 25-ahydroxylase to 25(OH)D3 or 25(OH)D2, respectively) and
calcifediol (already available as 25(OH)D3). Many studies
have indicated a potential superiority of cholecalciferol vs.
ergocalciferol in increasing 25(OH)D levels [48–50].
Nonetheless, the levels of 25(OH)D are not always completely corrected; therefore alternative regimens with
cholecalciferol and ergocalciferol supplementation have
been proposed to reach the therapeutic levels of 25(OH)D
as suggested by the Kidney Disease Outcomes Quality
Initiative (KDOQI) guidelines [51–53]. More recently,
calcifediol, in a modified-release formulation, resulted
effective in increasing 25(OH)D levels in a dose-dependent
manner among non-dialysis CKD patients compared to
placebo [54]. Regardless of the preferred regime, in predialysis CKD patients treatment with cholecalciferol,
ergocalciferol and calcifediol should be discontinued in the
presence of 25(OH)D levels [100 ng/ml and/or with persistent serum calcium levels [10.5 mg/dl in the absence of
active vitamin D administration. Attention should be paid
in the presence of potentially increased 1-a-hydroxylase
activity, as in transplanted patients and in those affected by
sarcoidosis or B cell lymphoma, where 25(OH)D levels
even lower than 100 ng/ml may result toxic. It is the
Authors’ opinion that nephrologists should adopt the
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Table 1 Nutritional vitamin D in pre-dialysis CKD: guidelines
Guidelines

25(OH)D assessment

25(OH)D targets

Replenishment

Therapeutic indication

KDOQI 2003

In the presence of PTH
above the recommended
range

C30 ng/ml

6 months course of ergocalciferol at
escalating doses according to basal
levels

First line therapy
against SHPT

[K/DOQI 2003
Am J Kidney
Dis]

25(OH)D \5 ng/ml: 50,000 IU/week
orally for 12 weeks then monthly or
500,000 IU as single IM dose
25(OH)D 5–15 ng/ml: 50,000 IU/
week orally for 4 weeks then
monthly
25(OH)D 15–50 ng/ml
50,000 IU/month orally

KDIGO 2009
[KDIGO (2009)
Kidney Int
suppls]
KDIGO 2012
[KDIGO CKD
(2012). Kidney
Int Suppl]
ERBP 2010

At baseline and during
further treatment in
CKD 3–5D

As suggested for general
population

–

First line therapy
against SHPT

Do not assess 25(OH)D
routinely in the absence
of suspected deficiency

–

–

Not to be prescribed in
the absence of
deficiency to suppress
PTH

At least once in CKD 3–4

25(OH)D levels [30 ng/
ml as normal; replenish
if 25(OH)D \12.5 ng/ml

–

Treat SHPT and offer
potential Vitamin D
pleiotropic effects

In all patients with CKD
4–5

C20 ng/ml

–

Treat 25(OH)D
deficiency and SHPT

[Goldsmith DJA
(2010). Nephrol
Dial Transplant]
NICE 2014
[NICE
guidance.nice.
org.uk/cg182]

CKD chronic kidney disease, ERBP European Renal Best Practice, IU international units, KDIGO Kidney Disease Improving Global Outcomes,
KDOQI: Kidney Disease Outcome Quality Initiative, NICE National Institute of Clinical Excellence, PTH parathyroid hormone, SHPT secondary hyperparathyroidism

nutritional vitamin D scheme they are most confident with,
avoiding overdosing.
Although the targets of PTH serum levels as required to
improve bone health and clinical hard endpoints have not
been investigated in dedicated RCTs, vitamin D is suggested as a basic medication to prevent or treat secondary
hyperparathyroidism in CKD (Table 1). Current data suggest a mild impact of nutritional vitamin D on non-severe
secondary hyperparathyroidism in pre-dialysis CKD
patients [51, 55–59], with a moderately stronger effect
when administered at high doses against its mild phenotype
[54, 60, 61]. An early replenishment of 25(OH)D levels
could delay the onset and progression of secondary
hyperparathyroidism [62, 63].
International guidelines provided discrepant suggestions
about active vitamin D therapy for the treatment of secondary hyperparathyroidism (Table 2). A number of
experimental and clinical data have proved the efficacy of
active vitamin D administration in reducing PTH levels and
improving bone histology [64, 65]. Selective vitamin D
receptor activators (VDRA) should favor a stronger down-
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regulation of PTH synthesis with a lower impact on positive calcium-phosphate balance and a lower pro-calcifying
effect on arterial walls. It can be speculated that the higher
power elicited by paricalcitol in suppressing PTH levels
may lead to further tapering of the maintenance doses,
counteracting the risk of a positive calcium-phosphate
balance. However, this consideration remains hypothetical,
and it needs confirmation by ad hoc trials.
A potential superiority of selective VDRA, e.g. paricalcitol, with respect to non-selective VDRA such as calcitriol, alfacalcidol or doxercalciferol is still the subject of
debate [66]. Despite encouraging experimental data, not all
the available active vitamin D formulations have been
tested in head-to-head RCTs on hard endpoints, PTH
control, bone histology and vascular aging [67]. Furthermore, the neutral calcium-phosphate balance originally
observed with the use of paricalcitol [68] has since been
mitigated in several studies reporting a minimal but still
existing increase of calcium and phosphate levels during
paricalcitol administration [69–72]. The need to limit calcitriol administration for CKD patients at higher
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Table 2 Active vitamin D in pre-dialysis CKD: guidelines
Guidelines

CKD
stage

PTH target

Indication to start VDRA

KDOQI 2003

3

35–70 pg/ml

[K/DOQI 2003 Am J
Kidney Dis]

4

70–110 pg/ml

Start calcitriol, or alfacalcidol, or doxercalciferol in the presence of
25(OH)D levels \30 ng/ml and PTH levels above the suggested range

5d

150–130 pg/ml

KDIGO 2009

3–5

KDIGO 2012
[KDIGO CKD (2012).
Kidney Int Suppl]
ERBP 2010

Unknown
Maintaining PTH within the
normal laboratory range is
suggested

[KDIGO (2009) Kidney
Int suppls]

Start calcitriol or Vitamin D analogs to raise PTH levels above the
normal range despite the correction of low 25(OH)D deficiency,
hypocalcemia and hyperphosphatemia

G3b–
G5

Unknown
Maintaining PTH within the
normal laboratory range is
suggested

Start VDRA in the presence of PTH levels raising above the upper
normal laboratory range only after ascertained absence of suspected or
documented 25(OH)D deficiency, hyperphosphatemia and
hypocalcemia

–

–

–

4–5

–

Start active vitamin D (alfacalcitol or calcitriol) in patients suffering
from symptomatic CKD-MBD and GFR \30 ml/min despite an
achieved 25(OH)D adequacy

[Goldsmith DJA (2010).
Nephrol Dial
Transplant]
NICE 2014
[NICE guidance.
nice.org.uk/cg182]

CKD chronic kidney disease, CKD-MBD chronic kidney disease and mineral bone disorder, ERBP European Renal Best Practice, KDIGO
Kidney Disease Improving Global Outcomes, KDOQI Kidney Disease Outcome Quality Initiative, NICE National Institute of Clinical Excellence, PTH parathyroid hormone

cardiovascular risk has been suggested by experienced
authors [66].
Effects of different active vitamin D compounds on
bone histology and risk of fractures has not been tested in
head-to-head RCTs. Considerable symptomatic drawbacks
of bone biopsies are even limiting the design of future ad
hoc trials. Hence, current knowledge is limited to early
studies in animal models regarding the more recent VDRA.
Significant improvement of osteitis fibrosa together with a
low risk of adynamic bone disease was observed among
pre-dialysis CKD patients receiving calcitriol or alfacalcidol [64, 65]. Experimental data using paricalcitol showed
better protective effects on bone health [73] and a lower
risk of adynamic bone disease than calcitriol [74], doxercalciferol [75] and cinacalcet [76]. Notably, uncertainties
about upper limits of PTH target levels are flanked by the
lack of data on the lower PTH thresholds at risk for adynamic bone disease. Furthermore, the PTH serum level
cannot be taken as an exhaustive and totally reliable biomarker of bone turn-over, thus limiting the intrinsic worth
of a PTH-driven vitamin D schedule.
Based on the widespread genomic regulation elicited by
VDR and its systemic expression, vitamin D has received
growing interest as a treatment for several targets beyond
PTH and bone health control, e.g. proteinuria, LVH and
anemia. Proteinuria is an established biomarker of CKD
severity as well as a strong direct pathogenetic factor of
progression toward end-stage renal disease (ESRD), and

worse survival [77]. Cholecalciferol at different dosages
induced a mild but significant reduction of albuminuria
among diabetic [78, 79] and non diabetic patients [57],
although negative results were also reported [80]. About
the impact of nutritional vitamin D on proteinuria reduction
and calcium-phosphate balance there is still not concordance between different studies [57, 81]. The recent metaanalysis by de Borst et al. included 6 RCTs investigating
the effect of active vitamin D on proteinuria [82]. Active
vitamin D administration was associated with a significant
16 % reduction of proteinuria compared to 6 % reduction
among controls with a more than 100-fold greater probability to reach a proteinuria reduction C15 % [82]. The
analysis was not limited to diabetics [83, 84], but it
included patients with immunoglobulin (Ig)A nephropathy
[85] and patients with other renal disorders [86–88]. Sensitivity analysis did not reveal differences between vitamin
D compounds, paricalcitol doses, sample size and length of
follow-up. In contrast to encouraging data from animal
models [89–91], the expected protective effects of VDRA
on LVH in CKD patients were not confirmed in the PRIMO
[88] and even in the further OPERA trial [92], which
included patients with more severe LVH and hyperparathyroidism. An independent association between
25(OH)D levels and anemia was reported in CKD patients
[93–96]. Down-regulation of hepcidine and PTH elicited
by VDR activation represent the principal pathways linking
anemia to vitamin D [97–99]. Although encouraging data
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in humans suggest potential adjuvant effects of ergocalciferol, calcitriol and paricalcitol against renal anemia [96,
100, 101], further RCTs are required to investigate this
specific issue.
The effects of vitamin D administration on survival,
cardiovascular disease (CVD) and hospitalization rate in
pre-dialysis CKD patients have not been investigated in
dedicated RCTs. The recent meta-analysis by Mann et al.
did not find a better survival in pre-dialysis CKD patients
receiving either cholecalciferol or VDRA [102]. However,
none of the included RCTs had either a study design or
sufficient statistical power to test the effect of vitamin D on
mortality [103]. Awaiting dedicated RCTs, the protective
effect of active vitamin D on survival in pre-dialysis CKD
patients remains only hypothetically reasonable.
Key messages
•

•
•

•

•

•

•

Optimal 25(OH)D levels are still not well defined;
achieving 25(OH)D levels [30 ng/ml seems a reasonable first-step intervention to avoid vitamin D deficiency and/or treat secondary hyperparathyroidism in
CKD stages 3–5.
The best therapeutic strategy to replenish 25(OH)D
status is unknown.
Nephrologists should follow the nutritional vitamin D
administration scheme they are most confident with,
exercising caution to avoid overdosing.
Treatment with cholecalciferol, ergocalciferol and
calcifediol should be discontinued in the presence of
25(OH)D levels [100 ng/ml and/or hypercalcemia in
the absence of active vitamin D therapy. Attention
should be paid in the presence of potentially increased
1-a-hydroxylase activity, as in transplanted patients and
those affected by sarcoidosis or B-cell lymphoma,
where 25(OH)D levels even lower than 100 ng/ml may
result toxic.
During nutritional vitamin D supplementation it is
advisable to assess 25(OH)D levels twice a year, at the
end of winter and at the end of summer, with potential
extra tests in cases of persistent hypercalcemia and/or
hyperphosphatemia.
Active vitamin D therapy should be started in patients
in CKD stages 3–5 with PTH above the normal range
and normal levels of circulating 25(OH)D in the
absence of hypercalcemia and/or hyperphosphatemia.
Serum levels of calcium, phosphate and PTH should be
monitored at least every 6–12 months in CKD stages
3–4 and at least every 3–6 months in CKD stage 5ND
patients receiving VDRA, which should be discontinued in the case of persistent hypercalcemia and or
hyperphosphatemia, or excessive reduction of PTH
levels.
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•

•

•

Although several data encourage selective VDRA as
the treatment of choice in patients at higher cardiovascular risk as in the presence of vascular calcifications or
proteinuria, consistent evidence is still lacking in this
regard.
The potential additive effect of VDRA in reducing
proteinuria among renal patients, on top of reninangiotensin system inhibitors, warrants confirmation in
further RCTs on the long run.
Although nutritional and active forms of vitamin D may
improve clinical hard endpoints in renal patients,
consistent evidence is still lacking in this regard.

Vitamin D in CKD patients on dialysis
The International Osteoporosis Foundation guidelines [42]
suggest levels of 25(OH)D [30 ng/ml as normal values in
older adults. The KDOQI guidelines [43] suggest that
levels of 25(OH)D [30 ng/ml should be regarded as normal limits for patients with non-dialysis CKD. Thus,
25(OH)D [30 ng/ml may be regarded as a suitable target also for patients on dialysis.
Several studies have evaluated the effects of vitamin D
in the general population and in patients with CKD. In the
latter population, the effects of either baseline serum concentrations of vitamin D or replenishment of insufficiency/
deficiency on several outcomes have been studied. It is
worth mentioning that outcomes were not always pertinent
to mineral metabolism. For instance, there are data from
observational studies that linked lower 25(OH)D levels to
hypertension [31, 104–106] and to increased risk for cardiovascular events in both dialysis and non-dialysis
patients [107, 108]. In addition, an association between
vitamin D supplementation and reduced LV mass [109,
110] as well as a positive effect of vitamin D supplementation on the immune system [111] has been reported.
Unfortunately, available data are conflicting and, therefore,
they may cause uncertainty. Several additional factors can
be held responsible for these discrepancies. For instance,
there is no unanimous position on when to start treatment,
on which vitamin D to prescribe, on dose to administer and
on the route to prefer [112–115]. Furthermore, because
most vitamin D comes from the sun and healthier people
have more opportunities to spend time outdoors, studies in
patients are particularly susceptible to confounding.
Therefore the association between 25(OH)D levels with
better outcome could be simply due to patients’ lifestyle.
As said before, available studies are certainly interesting
but still they do not offer us solid certainties on the use of
vitamin D in patients on dialysis. Of note, consensus
statements, according to the NIH, ‘‘synthesize new
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information, largely from recent or ongoing medical
research that has implications for re-evaluation of routine
clinical practices. They do not give specific algorithms or
guidelines for practice’’. In agreement with this important
principle, we will try to analyze several studies and metaanalyses hoping to provide the best support for a reasoned
clinical decision following the notion that both guidelines
and consensus statements should inform but not dictate,
guide but not enforce, support but not restrict.
As reported in Table 3, studies are listed on the basis of
their design starting from observational studies to metaanalysis. Observational studies show great differences in
duration of follow-up and number of enrolled patients;
indeed, observation time varies from 90 days to 3 years
and the number patients varies from a few tens to thousands. Further differences between studies are the aims to
be assessed.
Studies on the role of baseline 25(OH)D concentration
show an association between low serum levels with mortality. The association can be observed even in a short-term
observation period. Indeed, Wolf et al. [116] investigated
the relationship between baseline blood levels of 25(OH)D
and 1,25(OH)2D with outcomes in incident US hemodialysis patients. Among this cohort, 78 % of patients were
considered moderately vitamin D deficient and 18 %
severely vitamin D deficient. Baseline vitamin D levels
were associated with 90-day mortality. Calcium, phosphorus, and PTH levels correlated poorly with 25(OH)D
and 1,25(OH)2D concentrations.
Drechsler et al. analyzed data from 762 patients in a
prospective cohort study of incident dialysis patients in The
Netherlands (NECOSAD study) [107]. The authors assessed the impact of 25(OH)D levels on short-term (6 months)
and long-term (3 years) mortality. Patients were stratified
as ‘‘severely vitamin D deficient’’ (B10.0 ng/ml), ‘‘moderately vitamin D deficient’’ ([ 10 B 30 ng/ml) and ‘‘vitamin D sufficient’’ ([30 ng/ml). Mortality was higher in
severely vitamin D deficient patients compared to the other
groups. In particular, a strong association was evident
between severe vitamin D deficiency and short-term cardiovascular mortality while no significant association was
found between non-cardiovascular mortality and vitamin D
status. Further, stratifying patients on the basis of PTH, the
impact of 25(OH)D on clinical events was modified by
PTH levels; low 25(OH)D levels were associated to outcomes only in patients with PTH above the median.
Similar results were found by Jean et al. who measured
baseline 25(OH)D levels in 648 prevalent hemodialysis
patients from the regional ARNOS French cohort [117]. A
42-month survival analysis was performed according to
serum 25(OH)D level and calcitriol analog therapy. Baseline 25(OH)D levels above the median value (18 ng/ml)
were associated with lower all-cause mortality (hazard
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ratio, HR, 0.73 [0.5–0.96], p = 0.02) after adjustment for
age, gender, dialysis vintage, calcemia, phosphatemia,
CVD, and diabetes. The association between low levels of
vitamin D and mortality was evident also in the retrospective study carried out by Krause et al. [118]. Patients
(n = 6518) from the German Renal Registry were matched
with 73,919 recorded 25(OH)D measurements. All-cause
mortality risk increased with decreasing vitamin D levels.
For vitamin D insufficiency—25(OH)D levels ranging
from 20 to \30 ng/ml—a moderate increase in risk was
observed; for vitamin D deficiency—25(OH)D ranging
from 12.5 to \20 ng/ml—the risk was much more pronounced;
for
severe
vitamin
D
deficiency—
25(OH)D \12.5 ng/ml—mortality risk was more than
doubled. In addition to all-cause mortality risk, it was
observed that the cardiac mortality risk increased among
patients with vitamin D deficiency and that mortality risk
for cancer was higher in patients with severe vitamin D
deficiency [118].
Supplementation therapy appears to offer significant
advantages. Untreated deficient patients were at increased
risk for early mortality compared to patients with the
highest 25(OH)D or 1,25(OH)2D levels who received
therapy with active vitamin D [116]. Interestingly, even not
active forms of vitamin D showed significant positive
effects on mortality. Low-dose oral alfacalcidol improved
the survival rate in patients with and without 25(OH)D
deficiency (HR 0.7 [0.5–0.92]; p = 0.05) [117]. In the
prospective study of Bucharles et al., oral cholecalciferol
was prescribed to 30 patients once a week during the first
12 weeks (50,000 IU) and at a lower dose during the last
12 weeks (20,000 IU) of the study; high-sensitivity C-reactive protein (CRP), interleukin (IL)-6, and serum albumin were used as markers of inflammation [109].
Cholecalciferol supplementation resulted safe and effective
in correcting hypovitaminosis D with a significant reduction of CRP, IL-6 and LVH with minor changes of markers
of mineral metabolism. These data suggest that cholecalciferol supplementation may have a prominent anti-inflammatory action with concomitant improvement of
cardiac dysfunction [109].
Daroux et al. [119] supplemented 39 patients with
cholecalciferol or ergocalciferol (200,000 IU vitamin D per
month) for 3 months and compared the usefulness of
cholecalciferol and ergocalciferol in providing adequate
vitamin D replenishment. Cholecalciferol resulted more
effective than ergocalciferol in increasing 25(OH)D serum
levels. In an open-label controlled trial performed by Del
Valle et al. [113], ergocalciferol therapy was able to reach
and maintain optimal serum 25(OH)D concentrations. In
that study, 82 patients were supplemented with an initial
oral ergocalciferol dose of 72,000 IU/week for 12 weeks
and with a maintenance dose of 24,000 IU/week during the
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Study design
(FU)

Cross sectional,
observational
(90 days)

Observational,
prospective
(3 years)

Cross sectional,
observational
(42 months)

Observational,
retrospective

Observational,
prospective
(24 weeks)

Observational,
prospective
(3 months)

Observational,
prospective
(48 weeks)

RCT (8 weeks)

RCT
(15 weeks)

RCT (4 weeks)
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Hemodialysis patients

n. 52

Hemodialysis patients

n. 42

Hemodialysis and nonhemodialysis CKD
patients

n. 54

Hemodialysis patients

n.82

Hemodialysis patients

n.39

Hemodialysis patients

n.30

Hemodialysis patients

n.6518

Hemodialysis patients

n.648

Incident hemodialysis
patients

n.762

Incident hemodialysis
patients

n.825

Patients or studies

6-month and 3-year survival

25(OH)D serum levels

Vitamin D supplementation with
cholecalciferol for 3 weeks (200,000 IU/
wk)

Biochemical effects of 25(OH)D
replenishment

Pharmacokinetic study of 25(OH)D
response to cholecalciferol

Biochemical effects of 25(OH)D
replenishment

Vitamin D supplementation with
cholecalciferol (40,000 IU weekly)

Vitamin D supplementation with
cholecalciferol 10,333 IU given weekly

Benefits and harms of a high-dose
ergocalciferol dosage scheme

Direct comparison between
cholecalciferol and ergocalciferol
in providing adequate vitamin D
replenishment

Benefits and harms of vitamin D
supplementation

10-year survival

Vitamin D supplementation with
ergocalciferol 72,000 IU/week for
12 weeks followed by 24,000 IU/week as
maintenance therapy for 36 weeks

Vitamin D supplementation with
cholecalciferol or ergocalciferol (200,000
IU vitamin D per month)

Vitamin D supplementation with initial high
cholecalciferol dose (prescribed once a
week in the first 12 weeks (50,000 IU)
followed by lower dose in the last
12 weeks (20,000 IU)

25(OH)D serum levels

42-month survival

Association between baseline
vitamin D levels and 90-day
mortality; interaction between
vitamin D levels and subsequent
active vitamin D therapy

25(OH)D and 1,25(OH)2D serum levels

25(OH)D serum levels and therapy with lowdose oral alfacalcidiol

Main outcome (s)

Object of investigation

Table 3 Studies on vitamin D deficiency and replenishment in dialysis patients

Cholecalciferol (10,333 IU) given weekly
induced a steady state in 25(OH)D levels
(24 ng/ml)
90.5 % of subjects treated with
cholecalciferol achieved normal serum
25(OH)D concentrations C30 ng/ml vs.
13.6 % of the placebo group

Significant improvement in 25(OH)D and
1,25(OH)2 D levels and decline in PTH
levels, but only in CKD-non D patients

Serum 25(OH)D significantly increased and
remained optimal. 84.8 % of patients
reached values C30 ng/ml. PTH and
alkaline phosphatase did not change
compared to baseline. Bone alkaline
phosphatase decreased

Cholecalciferol is more effective than
ergocalciferol in providing increase of
25(OH)D serum levels

Significant increase in serum 25(OH)D
levels; significant reduction in highsensitivity C-reactive protein and
interleukin-6 levels

Association between low levels of 25(OH)D
and all-cause mortality (cardiac disease,
infectious disease and cancer)

Association between low levels of 25(OH)D
and mortality. Better survival rate in
patients treated with alfacalcidiol

Short-term mortality was associated with
low levels of 25(OH)D in patients with
PTH levels above the median

Compared to patients with the highest
25(OH)D or 1,25(OH)2D levels who
received therapy, untreated deficient
patients were at increased risk for early
mortality

Main results/conclusions
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Study design
(FU)

RCT
(12 months)

RCT
(6 months)

RCT (13
weeks)

RCT (1 year)

Post-hoc
analysis of
RCT

RCT
(6 months)

Meta-analysis
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Table 3 continued

n. 22 studies (5 RCTs
and 17 observational
studies) enrolling 1593
patients (CKD-non D,
HD, PD, TX)

Hemodialysis patients

n. 276

Hemodialysis patients

n. 1340

Hemodialysis patients

n.105

Hemodialysis patients

n. 55

Hemodialysis patients

n. 60

Hemodialysis patients

n. 43

Patients or studies

Vitamin D supplementation with
ergocalciferol or cholecalciferol

Benefits and harms of vitamin D
supplementation

Effects on epoetin utilization and
other secondary outcomes

Association between 25(OH)D,
1,25(OH)2D, and FGF23 serum
levels and various clinical
outcomes

25(OH)D and 1,25(OH)2D serum levels

Vitamin D supplementation with
ergocalciferol (patients with serum
25(OH)D B15 ng/ml received 50,000 IU
weekly for 6 months, and those with
25(OH)D 16–30 ng/ml received 50,000 IU
weekly for the first 3 months followed by
50,000 IU monthly for 3 months

Achievement of vitamin D
sufficiency at the end of the
12-week treatment period.
Survival was assessed for 1 year

Percentage of patients with
25(OH)D levels C30 ng/ml at
13 weeks; percentage of patients
with normal calcium,
phosphorus, and PTH blood
levels

Effects on calcidiol and calcitriol
serum levels, mineral metabolism
and other clinical parameters

Benefits and harms of
cholecalciferol therapy

Main outcome (s)

Vitamin D supplementation with weekly
dose of 50,000 IU ergocalciferol, followed
by monthly 50,000 IU ergocalciferol
compared to placebo)

Vitamin D supplementation with
cholecalciferol, 25,000 IU, per week

Vitamin D supplementation with
cholecalciferol 50,000 IU, once weekly for
8 weeks and then monthly for 4 months

Vitamin D supplementation with
cholecalciferol (25,000 IU every 2 weeks)

Object of investigation

Significant improvement in 25(OH)D and
associated decline in PTH levels

Ergocalciferol increased serum 25(OH)D
levels in HD patients, but had no effect on
epoetin utilization or secondary
biochemical and clinical outcomes

Patients in the highest 25(OH)D quartile had
the lowest risk of infectious events, cardiac
events, and all-cause mortality. No
significant associations of 1,25(OH)2D
with clinical outcomes were observed

At 12 weeks, sufficient vitamin D level was
achieved in 91 % (weekly), 66 %
(monthly), and 35 % (placebo)
(p \ 0.001). Lower all-cause mortality
among ergocalciferol-treated participants
was not statistically significant

Cholecalciferol increased serum 25(OH)D
and 1,25(OH)2D levels, but did not
significantly modify serum levels of PTH,
calcium and phosphorus

Cholecalciferol increased serum 25(OH)D
and 1,25(OH)2 levels, but had no effect on
muscle strength, functional capacity,
PWV, or HRQOL

Cholecalciferol increased serum 25(OH)D
levels. PTH levels tended to decrease in
the cholecalciferol group (significantly vs.
placebo). The calcification score increased
to the same extent in both groups

Main results/conclusions
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RCT randomized controlled trial, CKD chronic kidney disease, CKD-non D non-hemodialysis chronic kidney disease, HD hemodialysis, PD peritoneal dialysis, TX kidney transplantation,
25(OH)D 25-hydroxy vitamin D, 1,25(OH)2 D 1,25-dihydroxyvitamin D, PTH parathyroid hormone, PWV pulse wave velocity, HRQOL health-related quality of life, FU follow-up, IU
international units

Survival benefits of active vitamin
D treatment
Vitamin D treatment (calcitriol, paricalcitol,
alfacalcidol, doxercalciferol)
Meta-analysis
Zheng et al.
[128]

n. 20 observational
studies (17 in HD
patients and 3 in CKDnon D patients)
enrolling 49,1857
patients

Main outcome (s)
Object of investigation
Patients or studies
Study design
(FU)
References

Table 3 continued

Vitamin D treatment was associated with
decreased risk of all-cause and
cardiovascular mortality. Paricalcitol had a
survival advantage compared to calcitriol
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following 36 weeks. Ergocalciferol supplementation was
associated with a significant increase in plasma 25(OH)D
levels at 12 weeks compared to baseline (42.5 ± 13.2 vs.
15.2 ± 5.4 ng/ml; p \ 0.01) without changes in PTH, total
alkaline phosphatase, bone alkaline phosphatase isoenzyme
or serum phosphorus. Serum calcium significantly
increased. This regimen with initial high doses was
regarded as safe and adequate to obtain and maintain
optimal serum 25(OH)D concentrations and prevent vitamin D insufficiency. Unfortunately there was no control
group in the study.
RCTs have focused on supplementation therapy largely
using cholecalciferol and assessing different outcomes.
Marckmann et al. [60], in an 8-week randomized, placebocontrolled, double-blind parallel intervention study in 54
hemodialysis (HD) and non-HD CKD patients, analyzed
plasma 25(OH)D, plasma 1,25(OH)2D, PTH, serum phosphate, ionized serum calcium and serum FGF23 [60].
Biomarkers related to CVD were investigated. The study
evidenced that hypovitaminosis D was corrected with
weekly ingestion of 40,000 IU D3 for 8 weeks. In non-HD
patients, this replenishment was associated with increases
in circulating 1,25(OH)2D, reduction of PTH and prevalence of hyperparathyroidism. Surprisingly, the authors
were not able to demonstrate any effects of vitamin D3
supplementation in HD patients (except for a rise of
FGF23). In contrast, Armas et al. [120] supplemented 42
patients with cholecalciferol (weekly dose of 10,333 IU) in
order to assess the changes in serum levels of 25(OH)D.
Cholecalciferol produced a steady state in serum levels of
25(OH)D (approximately 24 ng/ml). The efficacy of
cholecalciferol in replenishing deficient/insufficient
hemodialysis patients was documented by Wasse et al. in a
prospective, double-blind, randomized controlled study
that compared very high doses of oral cholecalciferol for
3 weeks (200,000 IU/week) with placebo in 52 HD
patients [121]. Short-term, high-dose oral cholecalciferol
treatment was effective in replenishing deficient/insufficient hemodialysis patients without toxic effects. In addition, mean serum 1,25(OH)2D increased significantly in the
cholecalciferol-treated group, whereas it decreased in the
placebo group. There were no significant changes in
hemoglobin, calcium, phosphorus, PTH, albumin and
alkaline phosphatase between the study groups. The lack of
toxicity of cholecalciferol was observed by Delanaye et al.
[122] in 43 patients supplemented with cholecalciferol
(25,000 IU every 2 weeks). In patients treated with
cholecalciferol, serum 25(OH)D levels increased and PTH
decreased compared to controls. The calcification scores,
that was a further aim of the study, increased by the same
extent in both groups.
The positive effects of cholecalciferol seem to be limited to replenishment of deficiency/insufficiency of
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25(OH)D; cholecalciferol therapy seems unable to achieve
better levels of PTH, calcium and phosphorus. Indeed,
cholecalciferol (50,000 IU, once weekly for 8 weeks and
then monthly for 4 months) increased serum 25(OH)D and
1,25(OH)2D levels but had no effect on muscle strength,
functional capacity, pulse wave velocity or health-related
quality of life (HRQOL), as shown by Hewitt et al. in 60
patients [123]. Similarly, Massart et al. [124] reported that
supplementation with cholecalciferol (25,000 IU/week)
increased serum 25(OH)D and 1,25(OH)2D levels, but did
not significantly modify serum levels of PTH, calcium or
phosphorus in 55 patients.
Ergocalciferol has a similar efficacy to cholecalciferol
as replenishing therapy. Bhan et al. in 105 incident patients
compared two dose-regimens of ergocalciferol (weekly or
monthly) with placebo [125]. The primary endpoint was
the
achievement
of
vitamin
D
sufficiency
(25(OH)D [32 ng/ml) at the end of the 12-week treatment
period. The 1-year survival was assessed. Ergocalciferol
increased 25(OH)D levels in incident HD patients without
significant changes in blood calcium, phosphate, or PTH
during a 12-week period. No differences were found in a
host of adverse events, including hospitalizations, infectious events and cardiovascular events. When the two
ergocalciferol arms were combined, the authors noted a
trend toward reduction in all-cause mortality among ergocalciferol-treated participants compared to placebo-treated
participants. Mortality was not a primary endpoint and the
study was not powered to detect differences in mortality or
other specific adverse events.
Chonchol et al., analyzing the data from HEMO study,
examined the association between 25(OH)D, 1,25(OH)2D,
and FGF23 serum levels and various clinical outcomes
[126]. The HEMO study was a prospective, randomized,
multicenter clinical trial in which 1846 HD patients were
randomly assigned to either low-flux or high-flux membrane dialyzers. Therefore, the assessment of the effects of
levels of 25(OH)D was not the primary endpoint. Higher
serum 25(OH)D was associated with decreased risks of
infectious events, cardiac events and all-cause deaths. In
addition, high serum FGF23 levels were associated with
infectious and cardiac events. Higher circulating 25(OH)D
levels, when added as a time-dependent covariate, showed
a graded relationship with a decreased risk of infectious
and cardiac events and all-cause mortality that was independent of markers of inflammation.
Miskulin et al. [127] tested the efficacy of ergocalciferol
on epoetin utilization and other secondary outcomes.
Starting from the observation that nutritional vitamin D
may enhance erythropoietin in the presence of 25(OH)D
deficiency, the authors performed a double-blind, placebocontrolled RCT to assess the effects of supplementation
with ergocalciferol on epoetin utilization and other
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secondary outcomes in 276 patients with serum 25(OH)D
\30 ng/ml. Patients were randomized to 6 months of
ergocalciferol or placebo. Serum 25(OH)D increased from
16.0 ± 5.9 ng/ml at baseline to 39.2 ± 14.9 ng/ml in the
ergocalciferol arm but did not change (16.9 ± 6.4 vs.
17.5 ± 7.4 ng/ml, respectively) in the placebo arm. There
was no significant change in epoetin dose over 6 months in
the ergocalciferol or placebo arms (geometric mean rate
0.98 [95 % confidence interval (CI) 0.94–1.02] vs. 0.99
[0.95–1.03], respectively) and no difference across the
arms (p = 0.78). No change occurred in serum calcium,
phosphorus, intact PTH, or CRP levels, cinacalcet use, or
phosphate binder or calcitriol dose in either study arm.
Rates of all-cause and cardiovascular mortality as well as
of infection-related hospitalizations did not differ between
study arms. Therefore, 6 months of supplementation with
ergocalciferol increased serum 25(OH)D levels in patients
on hemodialysis with vitamin D insufficiency or deficiency, but it had no effect on epoetin utilization or secondary biochemical and clinical outcomes.
Confirmatory data on the usefulness of supplementation
therapy are reported by a meta-analysis of 22 studies (17
observational and 5 RCTs) performed by Kandula et al.
[51]. Selected studies evaluated the effects of vitamin D
supplementation with either ergocalciferol or cholecalciferol in patients with non-dialysis-dependent CKD, dialysisdependent CKD and in renal transplant recipients. Biochemical endpoints were: change in serum 25(OH)D, intact
PTH, 1,25(OH)2D, calcium and phosphorous levels. Clinical endpoints were: cardiovascular events, outcomes related
to bone disease, and all-cause mortality. There was a significant improvement in 25(OH)D levels and reduction of
PTH levels. PTH reduction was more evident in dialysis
patients. Incidence of hypercalcemia and hyperphosphatemia was irrelevant with vitamin D supplementation.
Cardiovascular and skeletal effects of vitamin D supplementation were not endpoints of interest. Studies were of
low to moderate quality. Zheng et al. [128] performed a
meta-analysis from 20 studies (11 prospective cohorts, 6
historical cohorts and 3 retrospective cohorts) that compared several forms of vitamin D [128]. In aggregate, participants receiving vitamin D had lower mortality compared
to those with no treatment (adjusted case mixed baseline
model: HR 0.74 [95 % CI 0.67–0.82]; p \ 0.001; timedependent Cox model: HR 0.71 [0.57–0.89]; p \ 0.001).
On the basis of the active form of vitamin D, participants
that received calcitriol (HR 0.63 [0.50–0.79]; p \ 0.001)
and paricalcitol (HR 0.43 [0.29–0.63]; p \ 0.001) had a
lower cardiovascular mortality. In detail, patients receiving
paricalcitol had a survival advantage over those that
received calcitriol (HR 0.95 [0.91–0.99]; p \ 0.001).
The active forms of vitamin D have been successfully
used for a long time to treat secondary
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hyperparathyroidism in dialysis patients. More recently,
selective VDRA have been widely used in clinical practice.
The main characteristics of selective VDRA are their
stronger effect in reducing serum concentration of PTH,
lower impact on concentrations of calcium and phosphate,
and reduced toxicity [129].
Observational studies report improved cardiovascular
and all-cause survival in hemodialysis patients receiving
VDRA therapy compared to non-VDRA-treated patients
[128, 130–133]. On the contrary, in the DOPPS cohort
VDRA administration was not associated with improved
survival in models that were more independent of unmeasured confounders as comorbidities [134]. Of note, selective VDRA such as paricalcitol resulted associated with
lower mortality compared to calcitriol in some [128, 130,
131, 135] but not all studies [136]. Therefore, considering
the inherent limitations of retrospective analyses, the benefit of VDRA treatment on survival in hemodialysis
patients still remains to be confirmed by prospective RCTs.
Key messages
•

•

•

Low levels of 25(OH)D are very frequent in the dialysis
population. Insufficiency or deficiency of 25(OH)D
may affect survival by directly influencing mineral
metabolism. Better survival of patients treated with
native or nutritional or active vitamin D over and above
the effects on mineral metabolism indicates that vitamin D possesses pleiotropic protective actions. For this
reason many interventional studies have evaluated the
effectiveness of 25(OH)D replenishment with cholecalciferol, ergocalciferol, or calcidiol in correcting
deranged mineral metabolism as well as in improving
survival.
Most of the available data come from observational
studies which are characterized by significant differences in number of enrolled patients, administered
doses of vitamin D sterols, duration of treatment and
assessed outcomes. Therefore strong evidence supporting an association between vitamin D sterols and
survival is lacking. Large RCTs addressing this issue
need to be performed.
Active forms of vitamin D are more effective than other
forms in correcting secondary hyperparathyroidism
despite the fact that they are not able to increase and/
or normalize 25(OH)D levels. In contrast, native and
nutritional vitamin D may increase 1,25(OH)2D levels
and reduce PTH levels. This finding may support the
therapeutic strategy of dual administration of active and
native/nutritional vitamin D, taking into account that a
potential interaction may not be excluded. Beneficial
effects of dual supplementation on survival have not
been assessed as yet.
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•

Almost all studies indicate that supplementation does
not markedly affect levels of calcium or phosphorus
and does not accelerate the vascular calcification
process. However, markers of mineral metabolism
should be monitored during long-term treatment
according to the presence of comorbidities and halflife of supplemented vitamin D. These suggestions
should be taken into account particularly in dialysis
patients treated with active forms of vitamin D.

Vitamin D in kidney transplant recipients
In kidney transplant recipients (KTRs) the impairment of
vitamin D metabolism reflects allograft function, FGF23
and PTH levels, immunosuppressive therapy and environmental factors (nutritional deficiency, decreased sun
exposure) [137, 138]. 25(OH)D deficiency and insufficiency are common in KTRs, with a prevalence of 30 and
81 %, respectively [139]. Even higher rates have been
observed among black KTRs [140] and during the first year
after transplantation [141]. In contrast, 1,25(OH)2D is
reported to reach normal levels within 3–6 months after
transplantation [142, 143] following its higher renal synthesis along with the recovery of allograft function and
following normal/high (or inappropriately high) PTH levels
[139]. High FGF23 levels inhibit 1-a-hydroxylase and
enhance 24-a-hydroxylase, leading to reduced 1,25(OH)2D
and 25(OH)D levels respectively. FGF23 levels decline
3 months after transplant but still remain higher than in
CKD patients matched for estimated glomerular filtration
rate (GFR) [144]. After 12 months, data are inconclusive:
FGF23 levels seem to be appropriate for the CKD stage
[145] or lower [146, 147]. The decrease of FGF23 levels
within 1 year may account for the restored 1,25(OH)2D
levels within 3–6 months after transplantation [139, 148].
Immunosuppressive therapy may contribute to vitamin D
derangement, although the scientific literature is still scanty
in this regard. Steroids impair vitamin D metabolism
activating the enzymes involved in vitamin D catabolism
and increasing PTH and FGF23 levels [149]. In contrast,
steroid sparing/withdrawal improves vitamin D metabolism
[139]: in particular, cumulative prednisone dose was found
to be inversely associated with 1,25(OH)2D levels 2 years
after transplantation and low 1,25(OH)2D levels were
inversely associated with the higher FGF23 concentrations
induced by steroid therapy [150]. In agreement, SanchezFructuoso et al. [146] showed that high levels of FGF23 are
associated with higher cumulative doses of steroids and
low levels of 1,25(OH)2D. Several discrepancies have been
observed between the effects of calcineurin and mammalian target of rapamycin (mTOR) inhibitors on vitamin
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D metabolism. Calcineurin inhibitors (CNI) have been
recently associated with lower 25(OH)D levels [151]. This
finding is in agreement with experimental studies showing
vitamin D resistance induced by CNI through VDR
downregulation. The loss of VDR removes feedback inhibition of vitamin D on 1-a-hydroxylase and increases the
1,25(OH)2D level [152]. Rapamycin does not have any
effect on vitamin D metabolism [153]. Substantial evidence
has ascertained that the conversion of 25(OH)D to
1,25(OH)2D via 1-a-hydroxylase in osteoblasts, osteocytes
and osteoclasts regulates processes such as cell proliferation, mineralization as well as bone resorption [154].
Various studies have shown that bone loss is considerable
during the first year after transplantation, with a rate of
14.5 % in the first 6 months, followed by a mild
improvement after the second year post-transplant [155,
156], and recovers within the pre-transplant range only
8 years after transplantation [157]. Studies in late KTRs
revealed a prevalence of osteoporosis ranging from 11 to
56 % and fractures ranging from 5 to 44 %; at any rate the
risk of hip fracture, until 3 years after transplantation, is
higher than in HD patients [158]. A few studies have
reported histological patterns of post-transplant bone disease, describing a considerable prevalence of adynamic
bone disease and of high bone turnover [159, 160].
Immunosuppressive drugs elicit a deep impact on bone
loss. Steroids directly worsen bone formation by inducing:
derangement of vitamin D metabolism, impaired
osteoblastogenesis, increased apoptosis of osteoblasts and
enhanced osteoclastogenesis through an increased receptor
activator of nuclear factor kappa B ligand (RANKL)/osteoprotegerin (OPG) ratio [139]. Both cyclosporin and
tacrolimus similarly promote bone loss via a direct osteoclast activation [153]. Conversely, sirolimus is taken as a
bone-sparing immunosuppressive agent, due to its capability to inhibit osteoclast generation [153, 161].
KTRs show a 3.5–5 % annual risk of cardiovascular
events. CVD is the leading cause of death in KTRs, also
accounting for 42 % of total graft loss [162]. Vitamin D
has sparked widespread interest following reports of its
pleiotropic effects against CVD elicited by VDR activation
[29]. A few observational studies have explored the correlations between the vitamin D system and CVD in KTRs.
In a study carried out on 331 KTRs, low vitamin D levels
were not associated with 3-year increased risk of CVD
[163]. In contrast, in a cohort of 435 stable KTRs, Keyzer
et al. [137] observed an association between 25(OH)D
levels \12 ng/ml and all-cause mortality, CVD being the
most frequent cause of death (53 %). Yilmaz et al.
described an improvement of endothelium-dependent
vasodilatation in association with increases of 25(OH)D
levels and reduced FGF23 levels [164]. Recent observational studies have investigated the correlation between
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25(OH)D and 1,25(OH)2D deficiency and graft outcomes
in KTRs. Reduced 25(OH)D levels where independently
associated with lower GFR at 12-month follow-up and a
higher risk for interstitial fibrosis and tubular atrophy
[142]. Accordingly, a worse annual estimated GFR decline
was observed in the presence of 25(OH)D levels \12 ng/
ml [137]. Obi et al. noted that only in patients at less than
10 years after kidney transplant was 25(OH)D deficiency
associated with a rapid decline in kidney function [165]. In
contrast, no associations were observed in KTRs between
1,25(OH)2D levels and GFR trends [137]. Increasing levels
of proteinuria have been clearly associated with worsening
graft survival [166]. More recently, vitamin D and its
analogs resulted capable of reducing proteinuria in CKD
patients [82] by endocrine suppression of the renin-angiotensin system.
No specific guidelines have been released to orient
nutritional vitamin D replenishment in KTRs, leading to
heterogeneous schedules of intervention to correct vitamin
D deficiency in clinical studies. Although several authors
reported a significant improvement of PTH and calcium
levels in KTRs receiving nutritional vitamin D, the effects
of ergocalciferol and cholecalciferol and calcifediol on
BMD remains controversial [167–169]. Observational data
by Stavroulopoulos et al. confirmed the high incidence of
hypercalcemia following renal transplantation, that may
vary in prevalence from 11–66 % depending on the time
post-transplantation. This could affect which patients can
be treated, because of concern that vitamin D treatment
may worsen hypercalcemia [169]. Several studies have
shown that calcitriol decreases PTH levels and improves
BMD in KTRs with osteopenia or osteoporosis [170, 171],
therefore becoming a well accepted preventive therapy
against bone loss in KTRs [139, 172]. In contrast, Gonzalez
et al. described how paricalcitol induced a 30 % reduction
of PTH levels in 78 % out of 58 KTRs, although without
data on the BMD trend in KTRs [173]. Amer et al. reported
a greater PTH reduction and a lower prevalence of
hyperparathyroidism (29–63 %) in KTRs receiving paricalcitol compared to controls, without any benefit on
osteopenia [174]. In the RCT by Trillini et al., KTRs
randomized to paricalcitol improved L3 and L4 vertebral
BMD close with reduced serum levels of bone formation/
reabsorption biomarkers. Furthermore, paricalcitol therapy
was not associated with a higher risk of hypercalcemia
[175].
Reports about vitamin D therapy to improve graft survival are still scanty. As regards the use of inactive vitamin
D, in a retrospective analysis, cholecalciferol supplementation after kidney transplant did not modify the progression of GFR, the onset of interstitial fibrosis, tubular
atrophy and proteinuria [176]. The ongoing VITALE study
is comparing the effect of cholecalciferol at high or low
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dose (respectively 100.000 or 12.000 IU every 2 weeks for
2 months, then monthly for 22 months) on proteinuria and
graft survival as secondary outcomes [177]. Data on
antiproteinuric effects of VDRA in KTRs look more
promising. Paricalcitol at low doses (3 lg/week) was retrospectively associated with a significant reduction of
proteinuria at 24 months [172]. Trillini et al. [175] performed a randomized, crossover study to compare the
effect of 6-month treatment with paricalcitol (1 lg/day for
3 months and then uptitrated to 2 lg/day if tolerated) or
non-paricalcitol therapy in KTRs with a long-term functioning graft. Compared with baseline, proteinuria showed
a significant decrease at 6 months. Amer et al. randomized
100 incident KTRs to oral paricalcitol, 2 lg/day, for the
first year post-transplant or no additional therapy [174].
They did not observe lower protein excretion among paricalcitol treated KTRs compared to controls at 1 year posttransplantation. However, moderate interstitial fibrosis was
observed in 4/38 biopsies in the control group, but was
absent in the paricalcitol group. Notably, neither of the
previous two RCTs was designed to investigate the effect
of paricalcitol on proteinuria as a primary outcome.
Key messages
•

•

•

According to KDIGO, the Working Group suggests that
vitamin D deficiency and insufficiency in kidney
transplanted patients should be corrected using either
cholecalciferol or ergocalciferol treatment as recommended for the general and CKD population given their
positive effects on MBD.
When faced with a reduced graft function, the Working
Group suggests that the rationale for the use of VDRA
is similar to that for CKD patients.
The use of VDRA in the treatment of post-transplant
hyperparathyroidism, whether ascertained in the early
or long-term functioning kidney graft, should be
contextualized to the calcium values. Treatment with
VDRA improves BMD in kidney transplanted patients
with estimated GFR \30 ml/min and secondary hyperparathyroidism without hypercalcemia.

Final suggestions
An important future challenge is the specific antiproteinuric effect of paricalcitol even if, in KTRs as well as in
CKD patients, we do not know whether the reduction of
proteinuria can be translated into a higher graft survival.
Clinical results suggest a promising action of VDRA to
reduce post-transplant proteinuria and hyperparathyroidism. Additional topics that need further studies are the
interplay between vitamin D/VDRA and FGF23 and also
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the effect of immunosuppressive drugs on vitamin D
metabolism.

Vitamin D in dialysis patients suffering
from adynamic bone disease
Adynamic bone disease (ABD) and its intermediate forms,
known as hypodynamic bone disease (HBD), together with
osteoporosis, have long been ignored and underestimated,
although present in the majority of menopausal female
patients undergoing dialysis [178].
Osteoporosis is a common disease characterized by a
systemic impairment of bone mass and microarchitecture
that causes fragility fractures [179]. The World Health
Organization defines osteoporosis based on bone density
2.5 standard deviations below the mean for young white
adult women (t score) [180, 181]. In contrast, ABD is
defined by the presence of markedly low bone turnover,
reduced osteoblasts and osteoclasts and no accumulation of
osteoid [182].
For many years, the definition of ABD has been based
only on PTH \150 pg/ml. On the basis of this PTH cut-off,
studies performed in the 1990s reported a prevalence of
ABD ranging from 31.2 to 43 % in patients on continuous
ambulatory peritoneal dialysis (CAPD) [183, 184] and
24 % in hemodialysis patients [185]. The percentage of
23–25 % of ABD in hemodialysis patients was confirmed
by studies conducted in the years 2000 [186] and 2003
[187] in patients who underwent bone biopsy. More
recently, low-turnover bone disease (LTBD) has been
found in more than 60 % of Caucasian dialysis patients
[188]. In our experience, the study of 155 hemodialysis
patients in 2014 revealed a total of 24 % with PTH
levels \150 pg/ml vs. 8 % with PTH [600 pg/ml. It is
important to mention that more recent guidelines indicate
that the histologic pattern of ABD is generally associated to
low levels of PTH, below 29 the higher normal value of
PTH (PMID 19644521). This makes questionable the
definition of ABD that is based on PTH \150 pg/ml.
The identification of ABD using common markers for
osteopathy is however problematic. PTH displays a relatively high sensitivity, but in the absence of suppressed
PTH levels it is not sufficiently reliable to exclude LTBD.
Barreto et al. reported in 2014, in 101 patients subjected to
bone biopsy, that PTH levels \150 pg/ml were predictive
of LTBD in 83 % of cases, but ABD was clearly seen to be
present also in patients with PTH [300 pg/ml [189]. Bone
alkaline phosphatase level appears to be a better marker in
this respect, possibly reflecting the loss of specificity that is
the result of large amounts of attenuated (oxidized and/or
amino-terminal–truncated) forms of immunoreactive PTH
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that persist in the uremic circulation [190]. Plasma concentrations of FGF23 may potentially reflect ongoing
alterations in active bone mineralization since normal
mineralization was observed in 90 % of patients with
FGF23 levels above 2000 pg/ml [191]. Bone biopsy represents the most reliable diagnostic tool to use in ABD
[186, 187], although this technique is little applied due to
the lack of anatomic pathology labs trained in the preparation, staining and interpretation of the frustule, but also to
the refusal of patients to undergo a considerably invasive
procedure.
In the 1990s, several studies correlated ABD with the
administration of toxic aluminum-based phosphor binders
[192]. Generally, the ABD is associated with low PTH
levels, although serum PTH may be raised in CKD patients,
particularly when correlated with histological evidence of
ABD resulting from accumulation of aluminum. Other
causes underpinning the finding of PTH values \150 qg/ml
include calcium-based phosphobinders, calcium-rich diet,
high dialysate concentrations of calcium, diabetes mellitus,
malnutrition-inflammation, oxidative stress, peritoneal
dialysis, old age, Caucasian race, methodological errors in
determining PTH, nutritional supplements containing vitamin D, calcimimetics and inappropriate doses of effective
vitamin D-based derivatives [193].
ABD is associated to increased OPG levels, decreased
production and circulation of bone morphogenetic proteins,
a peripheral effect of leptin and IL-6, inhibitory effect of
osteocyte-secreted sclerostin, as well as the potential effect
of (7–84 PTH) fragments that contrast the action of the
intact PTH 1-84. The large number of findings correlating
ABD with uremia-induced malnutrition and/or microinflammation should be further consolidated [194]. Lower
PTH levels are associated with an increased risk of mortality and in ABD there is a higher incidence of vascular
calcification and a greater fracture risk [182, 195, 196].
The latest report published by the COSMOS trial is
particularly convincing: over a 3-year period it is establishing new ranges for decreased mortality risk in KDOQI
and KDIGO guidelines, suggesting PTH values ranging
between 168 and 674 qg/ml; in 40.7 % of these patients
PTH was \168 qg/ml, thus indicating a higher risk of
mortality [192].
The clinical picture in LBTD may be complicated in
amenorrheic female patients in hemodialysis and owing to
the well-known associated risk of bone fracture in elderly
patients of both genders [197].
Osteoporosis treatment is based on bisphosphonates.
Use of this compound is strongly discouraged in patients
with ABD [198]. Nephrologists have recently been authorized to prescribe denosumab which may represent a
promising option for the treatment of osteoporosis in
hemodialysis. However, the scarce number of cases
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reported in the literature has to date limited a more
extensive use of this drug [199].
No comparison of therapeutic approaches used in the
treatment of ABD can be made due to the lack of trials
based on a similar number of patients, statistical methods
and prospective design. Therefore, the therapeutic rationale
is based on a single common denominator, i.e. suspension
of vitamin D and derivatives or use of doses of 25(OH)D
and 1,25(OH)2D capable of eliciting a further reduction in
PTH incretion [200]. It should however be taken into
account that even low doses of intravenous calcitriol
(0.5 lg/3 times weekly) may inhibit the parathyroid
receptors [201]. On the other hand, vitamin D derivatives
can be of potential benefit in CKD patients even in the
presence of low PTH circulating levels. Results from the
FARO survey suggest that VDRA treatment is associated
with reduced overall mortality as well as factor-adjusted
mortality risks among Italian dialysis patients, even when
serum intact PTH levels are B150 pg/ml [202]. There is a
lack in the literature of trials or reports on the use of
cholecalciferol in ABD; likewise, no reports have been
published with regard to daily oral administration of the
drug. A feasible option may be to administer personalized
daily oral doses of cholecalciferol based on the weight/body mass index (BMI) of the patient and on the effect
produced on plasma levels of calcifediol [203]. Cholecalciferol at low doses (e.g. from 25.000 to 50.000 UI/month
in two administrations at intervals of 15 days) may be quite
appropriate for most patients. Nevertheless, these doses
should be personalized, administered with caution and
strictly monitored to avoid total PTH blockade and/or
vitamin D intoxication.
Final suggestions
Dialysis patients with ABD, in particular elderly malnourished patients, should receive an appropriately balanced intake of vitamin D in order to benefit from the
fundamental pleiotropic action of this hormone. The
administration of active forms of vitamin D may cause a
further decrease of PTH levels. Therefore, cautious supplementation with native vitamin D could be a preferable
approach; however, the efficacy and safety of this choice
remains to be validated.

Vitamin D and vascular calcifications in CKD
The occurrence of vascular calcification is common, being
found even in early stages of CKD [204–207]. Several
promoters and inhibitors are involved in the pathogenesis
of vascular calcification in CKD. The pathophysiologic
role of many of them has been extensively ascertained by
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experimental and clinical studies while the role of others is
still debated [208, 209]. This is the case of vitamin D. To
better evaluate the pathogenetic role of vitamin D on the
process leading to extra-osseous calcification, it is important to separate studies that evaluated the association
between circulating serum levels of vitamin D and vascular
calcification from other studies that evaluated the effects of
supplemental vitamin D on vascular calcification.
Low concentration of vitamin D increases PTH secretion, bone loss, core-binding factor alpha 1 (Cbfa1) and
Type I collagen expression and decreases matrix Gla protein (MGP) and osteopontin (OP) expression [31, 210–
214]. In addition, vitamin D is a strong inducer of FGF23
and Klotho, two important factors that maintain physiologic calcium and phosphate balance [215–218]. Finally,
based on the presence of 1-a hydroxylase as well as vitamin D receptors in vascular smooth muscle cells (VSMC),
it has been hypothesized that vitamin D may have direct
effects on the vascular wall [138, 208, 219, 220].
All the above-mentioned vitamin D-regulated mechanisms may potentially promote vascular calcification.
Nonetheless, data on the role of circulating levels of vitamin D on vascular calcification are not consistent. For
instance, calcification of coronary arteries, measured by
electron beam CT, correlated inversely with 1,25(OH)2D in
patients with familial hypercholesterolemia and coronary
artery disease and in patients of the Framingham Study
[221].
The association of vitamin D with calcification has been
tested in CKD patients participating in the Multi-Ethnic
Study of Atherosclerosis (MESA); this is the largest study
on this issue [222]. After adjustment for many potential
confounders (age, gender, race/ethnicity, site, season,
physical activity, smoking, body mass index, blood pressure, diabetes, kidney function, CRP, and lipids), lower
25(OH)D concentration was associated with increased risk
for developing incident CAC. The association of 25(OH)D
with incident CAC was stronger among participants with
lower estimated GFR. In the same population, low calcitriol concentrations were associated with increased risk
for prevalent and incident CAC, but these associations did
not reach statistical significance. Therefore, the authors
concluded that lower 25(OH)D concentrations were associated with increased risk for incident CAC and that vitamin D deficiency likely accelerated the development of
atherosclerosis.
Vascular calcification is regarded as a surrogate marker
of atherosclerosis. The potential contribution of low levels
of circulating vitamin D to atherosclerosis is confirmed by
the observation that: (1) low 25(OH)D concentrations are
associated with increased prevalence of peripheral artery
disease, (2) 25(OH)D concentrations are inversely correlated with carotid intima-media thickness in patients with
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type 2 diabetes, (3) brachial artery flow-mediated dilation
is lower in vitamin D-deficient and -insufficient vs. vitamin
D-sufficient patients, with the lowest value observed in the
vitamin D-deficient patients [223–225].
In contrast, in patients with CKD who had been examined with roentgenography and echocardiography, no
relationship was observed with aortic calcification, while a
significant inverse relation of vascular stiffness (measured
by pulse-wave velocity) with both 25(OH)D and
1,25(OH)2D was seen [226]. Similarly, serum concentrations of 1,25(OH)2D had no significant correlation with
levels of coronary calcification, assessed by calibrated CT
analysis or coronary angiography [227].
In clinical practice, vitamin D is administered to reduce
the circulating levels of PTH. However, in CKD patients it
is difficult to determine the ideal level of PTH, on the one
hand, and to achieve the ideal balance between PTH
reduction and vitamin D-dependent increase of intestinal
calcium and phosphate absorption, on the other. Indeed,
increased serum phosphorus and calcium may stimulate the
vascular calcification process. In addition, excessive vitamin D-dependent reduction of PTH levels causes adynamic
bone disease that is associated with vascular calcification.
Therefore, difficulties in achieving a stable balance
between adaptive mechanisms and all factors regulating
mineral metabolism do not allow to firmly establish the
effect of supplemental vitamin D on vascular calcification.
In addition, there are further factors that may add uncertainty and may be responsible for the conflicting data, such
as differences in vitamin D compounds administered, in
cumulative doses, and in experimental study models.
Finally, endpoints such as lesser episodes of hypercalcemia
and/or hypophosphatemia have been used as surrogate
indexes indicating the absence of vascular calcification in
some experimental and clinical studies with newer vitamin
D analogs [228–234].
Experimental studies have established the relevance of
dose, differential effects amongst vitamin D analogs and
experimental model on the association between supplemental vitamin D and vascular calcification. In bovine
vascular smooth muscle cells, 1,25(OH)2D dose dependently increased calcification and alkaline phosphatase
(ALP) activity and decreased secretion and gene expression of PTH. Furthermore, 1,25(OH)2D dose dependently
increased the expression of the osteopontin gene that
contributes to the calcification process [235]. A high dose
of cholecalciferol potentiated the calcification process in
rats treated with warfarin [236]. In a mouse model of CKDstimulated atherosclerotic cardiovascular mineralization at
dosages sufficient to correct secondary hyperparathyroidism (equivalent to dosages that are used in clinical
practice) calcitriol and paricalcitol were protective against
aortic calcification, but higher dosages stimulated aortic
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calcification [237]. In an in vivo model, doxercalciferol at
0.17 lg/kg raised serum calcium, phosphorus, the calciumphosphorus product, and aortic calcification in uremic rats
receiving a hyperphosphatemia-inducing diet. In contrast,
paricalcitol at the same dose had no significant effect. In an
ex vivo model, only aortic rings from doxercalciferol
uremic rats exhibited a significant increase in Ca uptake.
Serum from doxercalciferol-treated uremic rats induced Ca
uptake into in vitro smooth muscle cells cultured in high
phosphorus [238]. Furthermore, the effects of calcitriol and
its analog paricalcitol on VSMC calcification were tested
in vitro and in vivo. Cells and animals with 5–6ths
nephrectomy were treated with both compounds. Calcitriol,
but not paricalcitol, increased VSMC calcification in vitro
and in vivo independently of calcium and phosphate levels
[239]. Uremic rats were given vehicle, calcitriol, paricalcitol, or doxercalciferol three times a week for 1 month.
Calcitriol and doxercalciferol significantly increased the
aortic calcium content. Paricalcitol had no effect. A lower
doxercalciferol dose increased the aortic calcium content
while a higher dose of paricalcitol still had no effect [240].
In contrast, diffuse intimal and medial calcification of the
aorta was produced in uremic rats that received low doses
of oral calcitriol [241].
It is worth mentioning that few clinical studies have
evaluated the per se effect of therapy with vitamin D
analogs on vascular calcification; many studies have evaluated the beneficial effects of vitamin D analogs on survival of CKD patients taking in account other factors
regulating mineral metabolism [130, 242].
Some studies have demonstrated an association between
vitamin D therapy and vascular calcification. For instance,
vitamin D therapy was a significant determinant of severity
and rate of progression of vascular calcification in patients
undergoing prolonged dialysis treatment [243]. Negative
effects on calcification were also reported in young adult
patients on dialysis; morphological alterations of the heart
and arterial calcification were significantly correlated in a
dose-dependent manner to the cumulative intake of active
vitamin D preparations [244].
Other studies have failed to demonstrate an association
between vitamin D therapy and vascular calcification.
Indeed, when potential determinants of progressive vascular calcification were explored in 150 randomized CKD
patients who underwent electron beam tomography at
baseline and at follow-up (week 26 or 52), there was no
association between vitamin D3 use and progression of
calcification [245]. In patients on different stages of CKD
(stage 3 to dialysis), aortic calcification (scored either with
CT or X-ray) was not linked to supplementation with calcifediol or cholecalciferol but the increased risk of mortality was dependent on low 25(OH)D levels, suggesting
that 25(OH)D may influence survival in CKD patients via
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additional pathways [246]. Calcitriol intake was not related
to the presence of coronary artery calcification; the latter
did correlate with higher serum phosphorus, calciumphosphorus product and daily intake of calcium in pediatric
patients with CKD [247]. Finally, calcification scores
similarly progressed in hemodialysis patients treated for
12 months with cholecalciferol therapy (25 000 IU every
2 weeks) and in placebo patients [231]. In the treat-to-goal
study it was difficult to ascribe the progression in calcification to vitamin D per se, since usage was higher in
patients who experienced less calcification over time [248].
It is clinically relevant that the effects on vascular calcification may be diverse depending on the vitamin D
compounds and dose administered. Indeed, both carotid
intima-media thickness and calcification scores showed a
U-shaped distribution across 1,25(OH)2D levels; patients
with both low and high 1,25(OH)2D had significantly
greater carotid intima-media thickness and calcification
score than those with normal levels while 25(OH)D levels
did not correlate with any vascular measure [249].
Final suggestions
It is still debated whether in vivo calcitriol and other
vitamin D forms can directly induce vascular calcification
or whether vascular calcification is due to other factors
regulating the mineral metabolism. Indeed, available data
do not firmly exclude a negative association between circulating levels of vitamin D as well as of supplemental
therapy with the incidence, prevalence and progression of
vascular calcification. In this regard, in clinical practice it
is important that in reaching the target of serum vitamin D
one consider also the serum levels of other factors regulating mineral metabolism.
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