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Introduction 

 The value of using vitamin D to treat 

‘renal bone disease’ is now nearly 

six decades old. 

 However, it is more like three 

decades, at most, that we have 

routinely been using vitamin D to try 

to prevent, or reverse, the impact of 

hyperparathyroidism on the skeleton 

of CKD patients. 

David J.A. Goldsmith, NDT. (2016)31 (5): 698-705.



Introduction 

 The common practice has been to use high and 

fixed  doses of synthetic vitamin D, not naturally 

occurring ones. 

David J.A. Goldsmith, NDT. (2016)31 (5): 698-705.



Agenda

 Functions of different types of Vit.D

 Vit D Status in healthy and CKD patients

 Which Vit D to Use

 Evidence of benefits

 Vit. D Ds: 

Dilemma, Disappointments 



Why would we need vit D?



Physiological 

functions 

of Vit. D

José M. Valdivielso, et al,. American Journal of Physiology 2009



Why would we need vit D supplement?

 1- to replenish vit D

 2- to increase Ca levels

 3- to control PTH

 4- Skeletal effects

 5- other

CVD, Mortality, Immunity 



Uses of vit D

1- to replenish vit D



Vit D deficiency (Normal Population)



Vit D deficiency (Normal Population)

 Pludowski, et al., International Journal of Endocrinology, 2014



Vit. D Status in healthy and CKD 

patients



Vit. D Status in healthy population



Dana Ogan, and Kelly Pritchett, Nutrients 2013



Michael F. Holick, The Journal of Clinical Endocrinology & Metabolism March 22, 2012



Vit. D Status in CKD patients





VILLARREA Nefrologia (English Version).2011



Figure 4 Model of changes in the serum levels

of fibroblast growth factor 23 (FGF-23), 1,25 dihydroxyvitamin D (1,25D),

parathyroid hormone (PTH) and phosphate during progression of chronic kidney disease

Vervloet, M. G. et al. (2016) The role of phosphate in kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2016.164



Vit. D deficiency in CKD patients

 Studies have reported varying prevalence rates of 

vitamin D deficiency in CKD as high as 70% to 80% 

prevalence in some parts of the world. 

Ginde et al, Arch Intern Med 2009 



ISABEL RODRÍGUEZ  Nefrologia (English Version) 2011



Why would we need vit D

1- to replenish vit D               YES

2- to increase Ca levels

3- to control PTH

4- Skeletal effects

5- other

CVD, Mortality, and morbidly 



Why would we need vit D

1- to replenish vit D

2- to increase Ca levels

3- to control PTH

4- Skeletal effects

5- other

CVD, Mortality, and immunity



The growing targets of 

active and native 

vitamin D. 

LVH: 

VC: vascular 

calcification; 

VDR: vitamin D receptor; 

VDRA: vitamin D 

receptor activators.





Wan M, Rees L. and Shroff R.

Pediatr Nephrol. 2012



Williams S, Malatesta K, Norris K. Ethn Dis. 2009



Proteinuria 

Alberto de Lorenzo et al.,  Nefrología (Madr.) vol.33 no.5 Cantabria 2013



The benefits of Vit D 

Chowdhury et al,. BMJ. 2014



1,25-dihydroxyvitamin D levels and 90-day all-cause (A) and CV mortality (B) in hemodialysis patients according to whether 

patients received active vitamin D therapy

With permission from Wolf M, et al. Kidney Int. 2007;72:1004-1013. 

1,25(OH)2D3 Levels and 

Mortality in Dialysis Patients

1,25-dihydroxyvitamin D (pg/mL)
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*P<0.05 for the comparison of the individual vitamin D level―vitamin D treatment groups with the corresponding referent groups.

R=subjects treated with active vitamin D and 1,25-dihydroxyvitamin D levels ≥13 pg/mL. 

No active vitamin D therapy

Active vitamin D therapy



Vitamin D (n = 37,173)

No Vitamin D (n = 13,864)

Teng M, et al. J Am Soc Nephrol. 2005;16:1115-1125.

*P < 0.001
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Vitamin D Use Is Associated With 

Decreased Mortality in Incident HD 

Patients



Kaplan–Meier curves for the time to (A) sudden cardiac death, (B) stroke, (C) combined cardiovascular events in subgroups of 
patients according to 25-hydroxyvitamin D levels at baseline [severely vitamin D deficient (≤25 nmol/L), moderately vitamin D 

deficient (>25 and ≤50 nmol/L), vitamin D insufficient (>50 and ≤75 nmol/L), and vitamin D sufficient (>75 nmol/L)].

Christiane Drechsler et al. Eur Heart J 2010;31:2253-2261



Why would we need vit D

1- to replenish vit D

2- to increase Ca levels

3- to control PTH

4- Skeletal effects

5-other

CVD, Mortality, and morbidity       May be  



Uses of vit D

1- to replenish Vit D

2- to increase Ca levels

3- to control PTH

4- Skeletal effects

5- other

CVD, Mortality, and morbidity



Vitamin D Treatment in Chronic 

Kidney Disease

 Two exclusive vitamin D treatment strategies for CKD patients 

are 

non-activated vitamin D products (Nutritional), 

(cholecalciferol D3, ergocalciferol D2) and 

activated vitamin D therapy using calcitriol or 

an analogue. 

Al-Aly et al,. Am J Kidney Dis. 2007



Should we use nutritional or should 

we use active Vit. D to correct Vit.D 
Deficiency? 

 Would you use:

1- Natural Vit D. (cholecalciferol D3, ergocalciferol D2) 

2- Active Vit. D

3- Both

4- Either



Nutritional vs active Vit. D



Targets of the use Nutritional vs 

active Vit. D

 The use of natural vit D2,& D3 will result in:

1- Raising serum levels of 25(OH)Vit. D

2- Raising serum levels of 1,25(OH)Vit. D

3- Suppression of PTH 

4- Raise s.Ca





Correction of Insufficient 25-

hydroxy Vitamin D Levels

 In 66 stage III-IV CKD patients with 25-hydroxy vitamin D 

levels < 30 ng/mL and hyperparathyroidism, 

 50,000 units of ergocalciferol weekly increased mean 25-

hydroxy vitamin D levels by 10.6 ng/mL, 

 decreased PTH levels by 38 pg/mL, and 

 did not alter serum calcium or phosphate levels during 6 months 

of therapy.

 Correction of deficient/insufficient 25-hydroxy vitamin D

levels in CKD results in a modest reduction in PTH levels, 

absence of toxicity, and low cost. 

Al-Aly et al,. Am J Kidney Dis. 2007





Study flow diagram: Included studies and reasons for exclusion of studies.

Praveen Kandula et al. CJASN 2011;6:50-62

©2011 by American Society of Nephrology



Effect of vitamin D supplementation on 25(OH)D levels at the end of treatment period among 

observational studies in CKD.

Praveen Kandula et al. CJASN 2011;6:50-62

©2011 by American Society of Nephrology



1,25(OH)2D Levels: 

 Observational Studies.

 Overall there was a significant improvement in the levels of 
1,25(OH)2D with vitamin D supplementation (nine studies, 449 
patientsP < 0.00001) with significant heterogeneity between the 

studies (χ2 = 121.64, P < 0.001; I2 = 93%).

 RCTs.

 Although three of the five RCTs reported 1,25(OH)2D levels, data 

were not available for calculation from one study, and another 
study (compared 5000 IU with 20,000 IU precluding pooling of the 

data. Both of these studies reported a nonsignificant increase in 

1,25(OH)2D levels

Praveen Kandula et al,. CJASN 2011

2011CJASN January 2011



Effect of vitamin D supplementation on PTH levels at the end of treatment period among 

observational studies in CKD.

Praveen Kandula et al. CJASN 2011;6:50-62

©2011 by American Society of Nephrology



Effect of vitamin D supplementation on PTH levels at the end of treatment period among RCTs
in CKD.

Praveen Kandula et al. CJASN 2011;6:50-62

©2011 by American Society of Nephrology



Calcium Levels: 

 Observational Studies.

 There was no significant change in serum calcium levels 

after vitamin D supplementation (16 studies, 1071 

patients, MD 0.07 mg/dl, 95% CI −0.03 to 0.17, P = 0.19).

 RCTs.

 There was no significant change in serum calcium levels 

with vitamin D supplementation (three studies, 77 

patients, MD 0.23 mg/dl, 95% CI −0.31 to 0.77, P = 0.40). 



Phosphorus Levels: 

 Observational Studies.

 There was no significant change in serum phosphorus 

levels with vitamin D supplementation (15 studies, 986 

patients, MD 0.05 mg/dl, 95% CI −0.11 to 0.22, P = 0.53).

 RCTs.

 There was no significant difference in serum phosphorus 

levels with vitamin D supplementation (three studies, 80 

patients, MD 0.15 mg/dl, 95% CI −0.19 to 0.49, P = 0.38). 

One study compared 5000 IU with 20,000 IU vitamin D 

supplementation and revealed a similar change in 

phosphorus levels



Incidence of Hypercalcemia and 

Hyperphosphatemia

 Observational Studies.

 Of the 17 observational studies, hypercalcemia and 

hyperphosphatemia incidence were reported in nine 

and six studies, respectively.

 RCTs.

 Of the five randomized studies, hypercalcemia and 

hyperphosphatemia data were reported in four and two 

studies, respectively. 



In conclusion, 

 Natural Vitamin D supplementation appears 

to improve 25(OH)D and 1,25(OH)2D levels

While modestly reducing PTH levels without 

increasing the risk for hypercalcemia and 

hyperphosphatemia. 

 However, whether such supplementation translates into better 

cardiovascular and skeletal outcomes needs to be evaluated 

in future studies.













Forest plot depicting the change from baseline in 25(OH)D levels in the ‘nutritional vitamin D group’ minus the 

change from baseline in the ‘placebo group’.

Rajiv Agarwal, and Panagiotis I. Georgianos Nephrol. Dial. Transplant. 

2016;31:706-713
Published by Oxford University Press on behalf of ERA-EDTA 2016. This work is written by (a) US Government 

employee(s) and is in the public domain in the US.



Forest plot depicting the change from baseline in PTH levels in the ‘nutritional vitamin D group’ minus the change 

from baseline in the ‘placebo group’.

Rajiv Agarwal, and Panagiotis I. Georgianos Nephrol. Dial. Transplant. 

2016;31:706-713

Published by Oxford University Press on behalf of ERA-EDTA 2016. This work is written by (a) US Government 

employee(s) and is in the public domain in the US.





Two recent vitamin D supplementation (ergocalciferol) trials in stage 

G5D CKD patients with vitamin D insufficiency



•Ergocalciferol  effectively increases serum 25-hydroxyvitamin D 

[25(OH)D].

•The use of inactive vitamin D forms largely fail to reduce serum PTH and 

affect various relevant endpoints, including muscle strength, functional 

capacity, quality of life and hospitalization. 

•No biological or clinical evidence exists that 25(OH)D may exert 

meaningful effects in CKD patients who are being treated with active 

forms of vitamin D.  

Moderator's view: Vitamin D deficiency treatment in advanced 

chronic kidney disease: a close look at the emperor's clothes

Carmine Zoccali1 and 

Francesca Mallamaci1,2

http://ndt.oxfordjournals.org/search?author1=Carmine+Zoccali&sortspec=date&submit=Submit
http://ndt.oxfordjournals.org/content/31/5/714.full#aff-1
http://ndt.oxfordjournals.org/search?author1=Francesca+Mallamaci&sortspec=date&submit=Submit
http://ndt.oxfordjournals.org/content/31/5/714.full#aff-1
http://ndt.oxfordjournals.org/content/31/5/714.full#aff-2


Nutritional Vit. D

 The use of natural vit D2,& D3 will result in:

1- Raising serum levels of 25(OH)Vit. D      definitely yes

2- Raising serum levels of 1,25(OH)Vit. D    ?? Yes

3- Suppression of PTH      NO

4- Raise s.Ca, and s.Ph   NO



How to give Nutritional Vit.D



Vitamin D Repletion in Stage 3 & 4 with Ergocalciferol: 
KDOQITM Recommendation 2003

Serum 
25(OH)D

(ng/mL)

Vitamin D 
Status

Dose (IU) Route
Duration 
(months)

Comment

< 5
Severe 

deficiency

50,000/wk X 
12 wks; then 

monthly
po

6

Assay 25(OH)D 
after 6 months

500,000 once im

Assure pt 
adherence; 

assay 25(OH)D 
at 6 months

5-15
Mild 

deficiency

50,000/wk X 
4 wks, then 

monthly
po 6

Assay 25(OH)D 
after 6 months

16-30 Insufficiency 50,000/mo po 6

National Kidney Foundation. Am J Kidney Dis. 2003;42(4 suppl 3):S1-S201.



 4.2.2. 

 In adult patients with CKD Stages 3a-5 not on 

dialysis, we suggest calcitriol and vitamin D 

analogs not be routinely used. (2C) It is reasonable 

to reserve the use of calcitriol and vitamin D 

analogs for patients with CKD Stages 4-5 with 

severe and progressive hyperparathyroidism. (Not 

Graded) 



 4.2.2. 

 In adult patients with CKD Stages 3a-5 not on 

dialysis, we suggest calcitriol and vitamin D 

analogs not be routinely used. (2C) 

 It is reasonable to reserve the use of calcitriol and 

vitamin D analogs for patients with CKD Stages 4-5 

with severe and progressive hyperparathyroidism. 

(Not Graded) 



Active vit D 
(Calciteriol and Vit D analogues)



Uses of active vit D 
(Calciteriol and Vit D analogues)

1- to replenish vit D

2- to increase Ca levels

3- to control PTH

4- Skeletal effects

5- other

CVD, Mortality, Morbidity



Treatment With Activated Vitamin 

Sprague SM, et al. Kidney Int. 2003.



Treatment With Activated Vitamin D 

Goals of activated vitamin D therapy in 

CKD are : to correct hypocalcemia 

and to prevent and treat SHPT, and to 

potentially improve health outcomes in 

CKD. 



Treatment With Activated Vitamin D 

Many small clinical trials have 

demonstrated that activated vitamin D 

agents lower serum PTH levels in CKD 

patients.



Sprague SM, et al. Kidney Int. 2003;63:1483-1490.

Vitamin D Analogs Suppress PTH
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 One of the earliest, and best, studies was done in the 1980s/1990s , well 

before the modern era. 

 A prospective multicentre study of 176 patients with a creatinine 

clearance between 15 and 50 mL/min, 75% had histologic evidence of 

high-turnover bone disease at baseline. 

 Patients were randomly assigned to placebo or to the synthetic vitamin 

D analogue, alfacalcidol (1-hydroxyvitamin D), at a dose of 0.25 

μg/day, increasing to a maximum of 1 μg/day. 

 The aim of therapy was to raise the serum calcium concentration to 

the upper limit of normal for the laboratory [mean 9.8–10 mg/dL (2.45–

2.50 mmol/L)], not in fact primarily to reduce the serum PTH 

concentration.

Hamdy NA. BMJ 1995 

Rix M, Nephrol Dial Transplant 2004



Hamdy NA. BMJ 1995 

Rix M, Nephrol Dial Transplant 2004

 After at least 2 years of follow-up: 

Plasma PTH declined during the first 6 months of 

alfacalcidol therapy and then rebounded to 

pretreatment levels. 
 In comparison, there was more than a 2-fold increase in PTH levels in the 

placebo group. 

Repeat bone biopsy showed improvement in 29%

of patients receiving alfacalcidol, 
whereas the bone disease worsened in 90% of placebo-treated patients. 

 Hypercalcaemia, was more common in the alfacalcidol group (11 

versus 3%).



A meta-analysis by Palmer and colleagues reported a 

pooled treatment effect for calcitriol on serum PTH levels:

Palmer et al. Meta-analysis:. Ann Intern Med. 2007;147:840-853



PTH



Ca+

Hypercalcemia



Ph+

Hyperphosphatemia



ALP



Sagar U Nigwe & Ravi I Thadhani, BoneKEy Reports (2014) 



Sagar U Nigwe & Ravi I Thadhani, BoneKEy Reports (2014) 









No effects on CVD,

No effect on SHPT

Lowered PTH 

Increased Ca& Ph

Reduced CVD 

Mortalty& proteinuria





What are the most prominent effects of 
using activated Vit.D in CKD patients?

 1- Suppression of PTH. 

 2- Increased S phosphorus (Hyperphosphatemia). 

 3- Decreased ALP.

 4- Increased S Calcium (Hypercalcemia).



How to use active vit D



A team led by Stuart M. Sprague, 

DO, University of Chicago, 

conducted the post-hoc 

analysis of PACE study.

presented at the American Society of Nephrology's November 2016 

Kidney Week meeting.



PACE Study

 By week 24, both drugs had significantly decreased iPTH 

levels as well as (BSAP) and (TRAP) and significantly 

increased levels of (FGF 23), and sclerostin.

 Further studies are required to determine whether 

increases in FGF 23 may have systemic detrimental 

effects and increases in sclerostin may contribute to low 

bone turnover.”



How to use active vit D

 The KDIGO recommended dose in CKD 5d is:

1- 0.25 ug daily

2- 0.5 ug daily

3- 1 ug daily

4- 1 ug every other day 

 No recomendation  



Recommended Vitamin D Dosing in ttt of SHPT

PTH Ca P Ca x P Calcitriol Paricalcitol Doxercalciferol

300 – 600 < 9.5 < 5.5 < 55 IV 0.5 – 1.5

Oral same

2.5 – 5.0 mcg IV 2 mcg

Oral 5 mcg

600 – 1000 < 9.5 < 5.5 < 55 IV 1.0-3.0

Oral 1-4

6.0 – 10 mcg IV 2 – 4 mcg

Oral 5 – 10 mcg

> 1000 < 10 < 5.5 < 55 IV 3.0-5.0

Oral 3-7

10 – 15 mcg IV 4 – 8 mcg

Oral 10 - 20 mcg

• Serum Ca > 10.2 : stop all D, minimize Ca load

• Ca = 9.5-10.2: change to non Ca-containing binder

• Ca < 9.5: continue D or modify with P algorithm 

• P > 6.0: stop vitamin D

• P = 5.5–6.0: increase binders, decrease Vitamin D

• P < 5.5: continue or modify using Ca or PTH algorithm

National Kidney Foundation. Am J Kidney Dis. 2002;39(Suppl 1):S1-S266.





Luigi Francesco Morrone et al., J Nephrology 2016



 Optimal 25(OH)D levels are still not well defined

 The best therapeutic strategy to replenish 

25(OH)D status is unknown.

 Although nutritional and active forms of vitamin 

D may improve clinical hard endpoints in renal 

patients, consistent evidence is still lacking in this 

regard.

Luigi Francesco Morrone et al., J Nephrology 2016



 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

Luigi Francesco Morrone et al., J Nephrology 2016



 4.2.2. 

 In adult patients with CKD Stages 3a-5 not on 

dialysis, we suggest calcitriol and vitamin D 

analogs not be routinely used. (2C) 

 It is reasonable to reserve the use of calcitriol and 

vitamin D analogs for patients with CKD Stages 4-5 

with severe and progressive hyperparathyroidism. 

(Not Graded) 



 4.2.2. 

 In adult patients with CKD Stages 3a-5 not on 

dialysis, we suggest calcitriol and vitamin D 

analogs not be routinely used. (2C) 

 It is reasonable to reserve the use of calcitriol and 

vitamin D analogs for patients with CKD Stages 4-5 

with severe and progressive hyperparathyroidism. 

(Not Graded) 



Active vitamin D analogs use

 Treatment with either calcitriol or a synthetic vitamin D

analog should be given only if:

➢ the serum phosphate is in the normal range and

➢ the corrected serum total calcium concentration is <9.5 mg/dL.

 Vitamin D therapy should also be discontinued if:

➢ intact PTH levels become persistently low, or

➢ the serum level of corrected total calcium exceeds 10.2 mg/dL.

2016



Vit. D Dilemma 

 There is safety issues about the injudicious use of 

active vitamin D forms, pointing to the risk of 

hypercalcemia and vascular calcification, a risk 

that seems to be minimal or absent with inactive 

vitamin D. 

Rajiv Agarwal, and Panagiotis I. Georgianos, Nephrol. Dial. Transplant. (2016) 



Vit. D Dilemma 

 With appropriate attempts to control phosphate, calcium 

and PTH using diet, dialysis, phosphate binders and 

‘natural’ vitamin D species, if the PTH is still deranged, 

and we feel compelled to continue to try to reduce its 

serum concentration, we can then swap to active Vit. D

Rajiv Agarwal, and Panagiotis I. Georgianos, Nephrol. Dial. Transplant. (2016) 



On the other hand, correction of low Vit. D with the 

use of nutritional vitamin D supplements in people 

with CKD is not justified by the currently available 

evidence.

Agarwal, thinks that it would be fair to comment that 

we do not have the answers to any of these 

questions.
Rajiv Agarwal, and Panagiotis I. Georgianos, Nephrol. Dial. Transplant. (2016) 

Vit. D Dilemma 



 The common practice to use high and fixed  

doses of synthetic vitamin D, should be re-
evaluated. 

David J.A. Goldsmith, NDT. (2016)31 (5): 698-705.



 While there are a number of studies that report the 

impact of vitamin D supplementation on serum 

vitamin D concentrations, there has been much less 

focus on hard or semi-rigid clinical end point 

analysis (e.g. fractures, hospitalizations).

David J.A. Goldsmith, NDT. (2016)31 (5): 698-705.



 It is disappointingly true to say that even in 2016 

there is a remarkable paucity of evidence 

concerning the clinical benefits of vitamin D 

supplementation to treat patients with stage 3b–5 

CKD.

David J.A. Goldsmith, NDT. (2016)31 (5): 698-705.



Calcium and
Phosphorus 

Homeostasis

Bone Health

Cardiovascular Effects

Renin-Angiotensin
Regulation

Decreased Risk for:
Hypertension
Type II Diabetes
(via stimulation of pancreatic insulin 
production)
Heart Failure

Immunomodulatory
Effects

Multiple Sclerosis
Type 1 Diabetes
(via ß-islet cell destruction)
Psoriasis
Rheumatoid Arthritis
Inflammatory Bowel 
Disease
Periodontal Disease

Growth & Regulation

Antiproliferation
Prodifferentiation
Apoptotic
Anti-angiogenic

Prostate,
Colon,
Breast Cancers etc.

Neuromuscular
Effects

Muscle Mass
Muscle Strength
Better Balance

25(OH)D
Major Circulating Metabolite

1,25(OH)2D
Biologically Active

Colon

Prostate

Breast, etc.

K
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Physiologic Effects of Vitamin D 

Throughout the Body

Adapted from: Holick MF. Mayo Clin Proc. 2006;81:353-373.



But in CKD

 To D or not to D

 THAT’S THE QUESTION



But in CKD

 To D and how to D

 THAT’S ANOTHER QUESTION


