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Patients with chronic kidney disease (CKD) have markedly
higher rates of severe vitamin D deficiency and reduced
ability to convert 25-(OH)vitamin D into the active form,
1,25-dihydroxyvitamin D [1]. In the setting of CKD, sec-
ondary hyperparathyroidism develops as a consequence
of reduced renal production of active vitamin D and phos-
phate retention resulting in hypocalcaemia and hyperpho-
sphataemia. This is a process that is dangerously linked
with metabolic bone disease, arterial calcifications and
cardiovascular mortality [2]. Therefore, the conventional
rationale for vitamin D treatment in CKD is to slow the pro-
gression of secondary hyperparathyroidism.

In addition to the classical pathway for activation of
25-(OH)vitamin D to 1,25-(OH)2 vitamin D, a peripheral
autocrine pathway exists and results in calcitriol synthe-
sis in a variety of peripheral extra-renal tissues [3]. By
binding with its intracellular vitamin D receptor (VDR) in
these tissues, calcitriol can regulate cellular proliferation
and differentiation, inflammation, the immune system
and the endocrine system, including insulin resistance,
lipid metabolism and renin–angiotensin system (RAS) [4].
Interestingly, active vitamin D analogues have shown
demonstrably favourable effects on proteinuria, likely
through interference with RAS [5, 6]. The discovery of
this non-classical pathway has brought new significance
to the importance of addressing nutritional vitamin D
deficiency [7].

Vitamin D deficiency has been associated with all-cause
and cardiovascular mortality in patients with CKD, whereas
therapies with vitamin D and analogues have been asso-
ciated with reduced mortality, recently also in meta-ana-
lysis of observational studies (Table 1). However, evidence
from randomized controlled trials (RCTs) supporting a sur-
vival benefit from active and/or pre-active vitamin D ad-
ministration in CKD patients is still lacking. Moreover, it is
not even known whether different types of active vitamin
D, selective or non-selective VDR activators, or precursors
have a diversified effect onmortality in the CKD population.

In the present issue of the Clinical Kidney Journal, Mann
et al. [8] present a meta-analysis of RCTs to investigate
the effect of oral vitamin D therapy versus placebo on
mortality and cardiovascular outcomes among adults
with CKD, whereas vitamin D supplementation was not
found to exert any significant effect on these hard out-
comes. Analysis of pooled data displayed a substantial
overlap in confidence intervals and homogeneity between
study results. Stratification of trials by CKD stage, weekly
vitamin D dose, proportion of diabetic subjects and
vitamin D compound displayed similar results. In detail,
13 trials that, overall, enrolled 1469 patients with CKD
stage 1–5D were selected for analysis and none of them
had mortality as a primary outcome. These studies were
mainly designed to test biochemical or bone histological
end points and consequently had a rather short follow-up.
On the whole 41 all-cause deaths (2.8%) were recorded
during a follow-up ranging from 3 to 104 weeks (mean
41 weeks). Of note, about two-thirds of the patients
(n = 1087) had been followed for <1 year (mean 21, range
3–48 weeks), registering 17 all-cause deaths (41%), 8 car-
diovascular deaths (62%) and 18 cardiovascular events
(86%). Only two trials (total patient number = 233) had a
follow-up time up to 2 years, but they registered only 11
deaths of which, 5 had a cardiovascular cause. Taken
together, these observations could indicate that the
duration of follow-up may have been insufficient to
capture possible differences in mortality, as correctly
stated from the authors in the limitation section and as
well as suggested by the relatively low number of events
displayed.
Moreover, not negligible differences are also present in

patient populations (End Stage Renal Disease in 5 of 13
trials) and in interventions, above all considering the hetero-
geneity in administered vitamin D compounds and dosages.
In conclusion, it is not the time to say that interventions

based on vitamin D may reduce mortality in patients with
CKD, but the opposite cannot be said yet beyond all
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Table 1. Systematic literature reviews on vitamin D in patients with CKD

First author,
year Methodology Number of trials/patients pooled in the analysis Outcomes tested Main results

Palmer, 2007
[9]

Meta-
analysis

76 studies/3667 CKD patients Biochemical markers of mineral metabolism, CVand mortality
outcomes

Vitamin D compounds did not reduce the risk for death, bone
pain, vascular calcification or parathyroidectomy

Haiyang, 2009
[10]

Meta-
analysis

6 RCTs/174 CKD patients with sHPT Suppression of circulating PTH and serum ALP No significant differences between intermittent intravenous
and oral calcitriol in the treatment of secondary
hyperparathyroidism for efficacy

Palmer, 2009
[11]

Meta-
analysis

60 studies/2773 CKD RD patients Clinical, biochemical and bone outcomes Vitamin D compounds lowered serum PTH at the expense of
increasing serum calcium and phosphorus

Palmer, 2009
[12]

Meta-
analysis

16 studies/894 CKD NRD patients Biochemical, bone, CV, and mortality outcomes Vitamin D compounds lowered serum PTH at the expense of
increasing serum calcium and phosphorus

Geary, 2010
[13]

Meta-
analysis

15 RCTs/369 children with CKD stages 2–5D Clinical, biochemical and bone outcomes Vitamin D therapy significantly reduced PTH levels without
consistent differences between routes of administration,
frequencies of dosing or vitamin D preparations

Wang, 2010
[14]

Meta-
analysis

17 studies (8 RCTs and 9 observational studies,
among which 5 were prospective studies of CKD
RD patients)/315 860 patients

CV disease outcomes The five studies of patients who received dialysis showed
consistent reductions in CVmortality in those who received
vitamin D supplements

Kandula, 2011
[15]

Meta-
analysis

22 studies (17 observational and 5 RCTs)/1593
patients with CKD NRD, CKD RD and renal
transplant recipients

Biochemical outcomes Vitamin D supplementation (ergocalciferol or cholecalciferol)
appears to improve 25(OH)D and 1,25(OH)2D levels while
reducing PTH levels without increasing the risk for
hypercalcaemia and hyperphosphataemia

Pilz, 2011 [16] Meta-
analysis

10 prospective studies/6853 patients with CKD Mortality Higher 25(OH)D circulating levels are associated with
significantly improved survival

Cheng, 2012 [6] Meta-
analysis

9 RCTs/832 patients with stage 2–5 CKD Clinical and biochemical outcomes Paricalcitol suppresses iPTH and lowers proteinuria without
an increased risk of adverse events

Duranton, 2013
[17]

Meta-
analysis

14 observational studies/194 932 patients with
CKD NRD and CKD RD

Mortality Therapies with 1,25-dihydroxyvitamin D and analogues are
associated with reduced mortality in CKD patients

Han, 2013 [18] Meta-
analysis

9 RCTs/1113 patients with CKD NRD Clinical and biochemical outcomes Paricalcitol is effective in lowering PTH in CKD patients and is
also effective in lowering proteinuria in diabetic CKD patients
with a trend towards hypercalcaemia

Xu, 2013 [19] Meta-
analysis

18 RCTs/1836 patients with CKD at stage 3–5 Reduction in proteinuria, renal function and risk of death Vitamin D therapy lowered proteinuria without any negative
influence on renal function. No superiority for newer versus
established vitamin D analogues. No differences regarding
the risk of death

de Borst, 2013
[20]

Meta-
analysis

6 RCTs/688 patients with proteinuria (84% treated
with ACEi or ARB)

Reduction in proteinuria Paricalcitol and calcitriol both reduced proteinuria

Zheng, 2013
[21]

Meta-
analysis

20 observational studies/491 857 CKD patients
(CKD RD in 17 of 20 studies)

All-cause and CVmortality Participants receiving vitamin D had lower all-cause and CV
mortality. Patients receiving paricalcitol had a survival
advantage over those that received calcitriol

Theodoratou,
2014 [22]

Umbrella
review

107 systematic literature reviews, 74 meta-
analyses of observational studies of plasma
vitamin D concentrations and 87 meta-analyses
of RCTs of vitamin D supplementation

Limited to CKD (RCTs/participants): bone pain (4/109), bone
fractures (4/181 RD), mortality (4/477 NRD; 5/233 RD), PTX (2/
133 RD), hypercalcaemia (7/612 NRD; 5/182 RD),
hyperphosphataemia (2/245 NRD; 2/59 RD), risk of requiring
dialysis (4/301 NRD)

A clear role of vitamin D does not exist for any outcome,
except for hypercalcaemia in CKD NRD

RCT, randomized clinical trial; CKD, chronic kidney disease; CV, cardiovascular; sHPT, secondary hyperparathyroidism; PTH, parathyroid hormone; ALP, alkaline phosphatase; RD, requiring dialysis; NRD, not requiring
dialysis; ACEi, angiotensin-converting enzyme inhibitor.
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reasonable doubt. In fact, given the paucity of good quality
data, the reliability of the pooled results is still uncertain.

Conflict of interest statement. L.F.M. and M.C. received in the past
honoraria for talk by Abbvie, Amgen, Shire.

(See related article by Mann et al. Effect of oral vitamin D analogs
on mortality and cardiovascular outcomes among adults with
chronic kidney disease: a meta-analysis. Clin Kidney J (2015) 8:
41–48.)

References

1. Cozzolino M, Gallieni M, Brancaccio D et al. Vitamin D retains
an important role in the pathogenesis and management of
secondary hyperparathyroidism in chronic renal failure. J Nephrol
2006; 19: 566–577

2. Morrone LF, Mazzaferro S, Russo D et al. Interaction between
parathyroid hormone and the Charlson comorbidity index on
survival of incident haemodialysis patients. Nephrol Dial
Transplant 2009; 24: 2859–2865

3. Ronco C, Cozzolino M. Mineral metabolism abnormalities and
vitamin D receptor activation in cardiorenal syndromes. Heart
Fail Rev 2012; 17: 211–220

4. Dimitrov V, Salehi-Tabar R, An BS et al. Non-classical mechan-
isms of transcriptional regulation by the vitamin D receptor:
insights into calcium homeostasis, immune system regulation
and cancer chemoprevention. J Steroid Biochem Mol Biol
2014; 144 (Pt A): 74–80

5. De Zeeuw D, Agarwal R, Amdahl M et al. Selective vitamin D
receptor activation with paricalcitol for reduction of albumin-
uria in patients with type 2 diabetes (VITAL study): a rando-
mised controlled trial. Lancet 2010; 376: 1543–1551

6. Cheng J, Zhang W, Zhang X et al. Efficacy and safety of pari-
calcitol therapy for chronic kidney disease: a meta-analysis.
Clin J Am Soc Nephrol 2012; 7: 391–400

7. Nigwekar SU, Bhan I, Thadhani R. Ergocalciferol and cholecal-
ciferol in CKD. Am J Kidney Dis 2012; 60: 139–156

8. Mann MC, Hobbs AJ, Hemmelgarn BR et al. Effect of oral
vitamin D analogs on mortality and cardiovascular outcomes
among adults with chronic kidney disease: a meta-analysis.
Clin Kidney J 2015; 8: 41–48

9. Palmer SC, McGregor DO, Macaskill P et al. Meta-analysis:
vitamin D compounds in chronic kidney disease. Ann Intern
Med 2007; 147: 840–853

10. Haiyang Z, Chenggang X. Comparison of intermittent intra-
venous and oral calcitriol in the treatment of secondary
hyperparathyroidism in chronic hemodialysis patients: a
meta-analysis of randomized controlled trials. Clin Nephrol
2009; 71: 276–285

11. Palmer SC, McGregor DO, Craig JC et al. Vitamin D compounds
for people with chronic kidney disease requiring dialysis.
Cochrane Database Syst Rev 2009; CD005633

12. Palmer SC, McGregor DO, Craig JC et al. Vitamin D compounds
for people with chronic kidney disease not requiring dialysis.
Cochrane Database Syst Rev 2009; CD008175

13. Geary DF, Hodson EM, Craig JC. Interventions for bone disease
in children with chronic kidney disease. Cochrane Database
Syst Rev 2010; CD008327

14. Wang L, Manson JE, Song Y et al. Systematic review: vitamin D
and calcium supplementation in prevention of cardiovascular
events. Ann Intern Med 2010; 152: 315–323

15. Kandula P, Dobre M, Schold JD et al. Vitamin D supplementa-
tion in chronic kidney disease: a systematic review and meta-
analysis of observational studies and randomized controlled
trials. Clin J Am Soc Nephrol 2011; 6: 50–62

16. Pilz S, Iodice S, Zittermann A et al. Vitamin D status and mor-
tality risk in CKD: a meta-analysis of prospective studies. Am J
Kidney Dis 2011; 58: 374–382

17. Duranton F, Rodriguez-Ortiz ME, Duny Y et al. Vitamin D
treatment and mortality in chronic kidney disease: a system-
atic review and meta-analysis. Am J Nephrol 2013; 37:
239–248

18. Han T, Rong G, Quan D et al. Meta-analysis: the efficacy and
safety of paricalcitol for the treatment of secondary hyper-
parathyroidism and proteinuria in chronic kidney disease.
Biomed Res Int 2013; 2013: 320560

19. Xu L, Wan X, Huang Z et al. Impact of vitamin D on
chronic kidney diseases in non-dialysis patients: a meta-
analysis of randomized controlled trials. PLoS ONE 2013; 8:
e61387

20. de Borst MH, Hajhosseiny R, Tamez H et al. Active vitamin D
treatment for reduction of residual proteinuria: a systematic
review. J Am Soc Nephrol 2013; 24: 1863–1871

21. Zheng Z, Shi H, Jia J et al. Vitamin D supplementation and
mortality risk in chronic kidney disease: a meta-analysis of 20
observational studies. BMC Nephrol 2013; 14: 199

22. Theodoratou E, Tzoulaki I, Zgaga L et al. Vitamin D and mul-
tiple health outcomes: umbrella review of systematic reviews
and meta-analyses of observational studies and randomised
trials. BMJ 2014; 348: g2035

Received for publication: 21.11.14; Accepted in revised form: 24.11.14

40 L.F. Morrone and M. Cozzolino

 by guest on February 25, 2015
http://ckj.oxfordjournals.org/

D
ow

nloaded from
 

http://ckj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


