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Outline	
  
	
  

General	
  Popula/on	
  Data	
  
• Bone	
  
• Effects	
  outside	
  bone	
  
• Time	
  to	
  turn	
  out	
  the	
  lights?	
  

25OH-­‐vitamin	
  D	
  Assays	
  
• Seasonal	
  variaFons	
  	
  
• Specific	
  populaFons	
  	
  
• What	
  should	
  we	
  be	
  measuring?	
  
	
  
Nutri/onal	
  /	
  25OHD	
  in	
  CKD	
  3-­‐5	
  and	
  5D	
  

Calcitriol	
  and	
  Analogs	
  in	
  CKD	
  3-­‐5	
  and	
  5D	
  
	
  
Conclusions	
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25OHD  nmol/L <15 - 25      <40 - 50           40 - 50         >60 – 75 
              ng/ml       6 – 10       16 – 20           16 - 20           24 - 30 

Skeletal Effects of Vitamin D  
 
Osteomalacia	
  /	
  Rickets	
  
Myopathy	
  
Secondary	
  HPT	
  
Reduced	
  BMD	
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Osteomalacia	
  /	
  Rickets	
  
Myopathy	
  
Secondary	
  HPT	
  
Reduced	
  BMD	
  	
  	
  	
  	
  	
  	
  	
  
Neuromuscular	
  func/on:	
  
falls,	
  tests	
  of	
  func/onal	
  capacity	
  

 Inadequate    Adequate    Optimal 

25OHD  nmol/L <15 - 25      <40 - 50           40 - 50         >60 – 75 
              ng/ml       6 – 10       16 – 20           16 - 20           24 - 30 
AssociaFon	
  Studies	
  
CV	
  Outcomes;	
  RAS	
  regulaFon;	
  Myocardial	
  cell	
  hypertrophy;	
  
VSMC	
  proliferaFon;	
  Endothelial	
  cell	
  funcFon;	
  
Diabetes	
  types	
  1	
  and	
  2;	
  Insulin	
  resistance	
  
InfecFon;	
  ImmunomodulaFon;	
  cancer	
  
Preeclampsia	
  

Non-Skeletal Effects of Vitamin D  
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NOTE:	
  Effect	
  driven	
  by	
  Chapuy	
  1992;	
  ?prevalence	
  of	
  osteomalacia	
  

Bischoff-Ferrari et al; NEJM  2012;367:40-9 

General Population; Fracture Risk 

Meta-analysis of intervention studies 

 

TOP QUARTILE of VIT D 
792-2000 IU 

TOP QUARTILE of VIT D 
792-2000 IU 

Risk of hip fracture Risk of non vertebral fracture 

Pooled	
  analysis;12	
  studies	
  (30011	
  par/cipants	
  65	
  or	
  older;	
  91%	
  women);	
  	
  

1111	
  incident	
  hip	
  and	
  3770	
  nonvertebral	
  fractures	
  

Vitamin	
  D	
  or	
  D	
  plus	
  Ca	
  vs.	
  placebo	
  or	
  calcium.	
  Median	
  dose	
  800	
  IU	
  (792	
  -­‐	
  2000)	
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• Randomised	
  to	
  vitamin	
  D2/D3	
  (calcitriol	
  and	
  analogs	
  excluded)	
  or	
  control	
  
• Most;	
  elderly	
  women.	
  Dose	
  generally	
  ≥800	
  IU/day.	
  
• 	
  High	
  baseline	
  falls	
  risk	
  	
  (15-­‐69%;	
  median	
  50%).	
  

Falls Risk 

Murad et al. J Clin Endocrinol Metab 2011 96: 2997–3006 

26	
  studies;	
  45782	
  par/cipants	
  	
  
Is	
  the	
  odds	
  ra/o	
  of	
  pa/ents	
  suffering	
  	
  
at	
  least	
  1	
  fall	
  reduced	
  with	
  calciferol? 

 
• Vit	
  D	
  deficient;	
  Significant;	
  	
  
	
  OR;	
  0.53	
  (0.39	
  –	
  0.72)	
  
	
  
• Non-­‐deficient;	
  Borderline:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  OR;	
  0.90	
  (0.81-­‐0.99)	
  
 
Similar	
  to	
  earlier	
  analysis	
  of	
  Bischoff-­‐	
  
	
  	
  Ferrari;	
  0.84	
  vs.	
  0.87	
  	
  	
  (BMJ	
  2009) 
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Muscle Strength 

Stockton et al. Osteoporosis Int (2011) 22:859-871 

  Favours Vit D        Favours placebo 

	
  7	
  RCTs,	
  n=	
  3648	
  	
  
No	
  effect	
  	
  

Grip	
  Strength 
	
  

Hip	
  strength	
  
	
  

	
  	
  	
  	
  	
  17	
  RCTs,	
  n	
  =	
  5072	
  	
  
	
  
•  No	
  effect	
  in	
  adults	
  	
  with	
  

25OHD	
  >25	
  nmol/L	
  
	
  
•  Limited	
  studies	
  report	
  

improvement	
  for	
  adults	
  
with	
  25OHD	
  <25	
  nmol/L	
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• Effect	
  of	
  Vitamin	
  D	
  SupplementaFon	
  on	
  Muscle	
  Strength,	
  Gait	
  and	
  
Balance	
  in	
  Older	
  Adults:	
  A	
  SystemaFc	
  Review	
  and	
  Meta-­‐Analysis	
  	
  

Stability, Gait, Strength  

Muir et al. J Am Geriatr Soc (2011) 59:2291-2300 

Balance and Sway 

TUG 

Lower Extremity Strength 

• Balance	
  and	
  Sway	
  (n=207)	
  
	
  -­‐0.2	
  (-­‐0.39	
  to-­‐0.01)	
  	
  P=0.04	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  Not	
  robust	
  with	
  removal	
  of	
  one	
  
low	
  quality	
  	
  study.	
  	
  
	
  	
  	
  	
  	
  	
  	
  
• TUG	
  (n=274)	
  
	
  -­‐0.19	
  (-­‐0.35	
  to	
  -­‐0.02)	
  	
  P=0.03	
  
	
  
• Lower	
  Extremity	
  Strength	
  (n=312)	
  
	
  	
  NS;	
  P=0.55 
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Veiled	
  Arabic	
  Women	
  living	
  in	
  Denmark	
  with	
  25OHD	
  levels	
  <20	
  nmol/L	
  
Hypovitaminosis	
  D	
  myopathy	
  without	
  biochemical	
  features	
  of	
  OM  

Muscle Strength 

Gierup	
  et	
  al.	
  Calcif	
  Tissue	
  Int	
  (2000);	
  66(6):419-­‐24	
  

Improvement in maximal 
 voluntary contraction 

M
us

cl
e 

po
w

er
 (n

ew
to

ns
) 

• Improved	
  force	
  by	
  
single	
  twitch	
  electrical	
  
sFmulaFon	
  	
  	
  
	
  
• Improved;	
  Knee	
  
extension	
  aner	
  3	
  and	
  
6	
  mo.	
  treatment	
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Effects Outside Bone 

• Vitamin	
  D3	
  or	
  placebo	
  with	
  anFtuberculous	
  therapy	
  

Martineau Lancet 2011 377;242-50  

Time to Negative Sputum Culture 
M

us
cl

e 
po

w
er

 (n
ew

to
ns

) 

.  No	
  difference	
  vs.	
  placebo	
  when	
  added	
  to	
  standard	
  therapy	
  

Days	
  of	
  anFmicrobial	
  treatment	
  

Sp
ut
um

	
  N
eg
aF

ve
	
  (%

)	
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Effects Outside Bone 

• Vitamin	
  D	
  and	
  COPD	
  

Probability of 1st exacerbation 
M

us
cl

e 
po

w
er

 (n
ew

to
ns

) 

No	
  difference	
  vs.	
  placebo	
  over	
  1	
  year	
  in	
  184	
  paFents	
  with	
  moderate	
  to	
  
severe	
  deficiency	
  

Lehouck 2012; Annals of Internal Medicine 2012;156(2):105-14. 
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Effects Outside Bone 

• Cardiometabolic	
  Syndrome	
  (MI,	
  Cardiac	
  event	
  or	
  death,	
  stroke)	
  

The	
  associaFon	
  between	
  vitamin	
  D	
  status	
  and	
  
cardiometabolic	
  outcomes	
  is	
  uncertain.	
  	
  
Trials	
  showed	
  no	
  clinically	
  significant	
  effect	
  of	
  vitamin	
  D	
  
supplementaFon	
  at	
  the	
  dosages	
  given	
  

Piaas	
  et	
  al.	
  Annals	
  of	
  Internal	
  Medicine.	
  152(5):307-­‐314,	
  March	
  2,	
  2010	
  
Bizzarri	
  et	
  al.The	
  IMDIAB	
  XIII	
  trial.	
  Diabetes	
  Care,	
  2010.	
  33(9):1962-­‐3.	
  

• Type	
  1	
  diabetes	
  with	
  high	
  C-­‐pepFde	
  

At	
  doses	
  used,	
  calcitriol	
  is	
  ineffecFve	
  in	
  protecFng	
  beta-­‐cell	
  
funcFon	
  in	
  subjects	
  (including	
  children)	
  with	
  recent-­‐onset	
  
type	
  1	
  diabetes	
  and	
  high	
  C-­‐pepFde	
  at	
  diagnosis.	
  KD

IG
O



Effects Outside Bone 

• Vitamin	
  D	
  and	
  CV	
  outcomes;	
  a	
  systemaFc	
  review	
  and	
  meta-­‐analysis	
  

.  Forest	
  Plot	
  represenFng	
  pooled	
  result	
  for	
  mortality,	
  MI	
  and	
  stroke	
  
Elamin	
  et	
  al;	
  JCEM	
  2011	
  96:	
  1931-­‐1942	
  

Favours Vitamin D   Favours Control 

RR and 95% CI 
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Effects Outside Bone 

Long-­‐term	
  follow-­‐up	
  for	
  mortality	
  and	
  cancer	
  in	
  a	
  
randomized	
  placebo-­‐controlled	
  trial	
  of	
  vitamin	
  D(3)	
  	
  

and/or	
  calcium	
  (RECORD	
  trial).	
  

Avenell	
  et	
  al	
  J	
  Clin	
  Endocrinol	
  Metab	
  2012;97(2):614-­‐22	
  

• 5292	
  people	
  (85%	
  women)	
  aged	
  at	
  least	
  70	
  yr	
  with	
  previous	
  
low-­‐trauma	
  fracture	
  	
  
• Randomly	
  allocated	
  to	
  daily	
  vitamin	
  D3	
  (800	
  IU),	
  calcium	
  (1000	
  
mg),	
  both,	
  or	
  placebo	
  for	
  24-­‐62	
  months	
  
• Follow-­‐up	
  of	
  3	
  yr	
  

Conclusions:	
  
• Daily	
  vitamin	
  D	
  or	
  calcium	
  supplementaFon	
  did	
  not	
  affect	
  
mortality,	
  vascular	
  disease,	
  cancer	
  mortality,	
  or	
  cancer	
  incidence	
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Summary:	
  Vitamin	
  D	
  in	
  the	
  General	
  PopulaFon	
  

For	
  bone	
  and	
  muscle:	
  
Benefits	
  may	
  be	
  limited	
  to	
  	
  
• Older	
  individuals	
  (>60	
  years)	
  
• Those	
  with	
  levels	
  are	
  <25-­‐50	
  nmol/L	
  (10-­‐20	
  ng/ml)	
  
	
  
IOM	
  2011:	
  	
  
With	
  the	
  excepFon	
  of	
  measures	
  related	
  to	
  bone	
  health,	
  the	
  
potenFal	
  indicators	
  examined	
  are	
  currently	
  not	
  supported	
  
by	
  evidence	
  
• Adequate	
  25OHD	
  40-­‐50	
  nmol/L	
  
• UL:	
  4000	
  IU/day	
  

*Institute of Medicine 2011. Dietary Reference Intakes for Calcium and Vitamin D. The National Academies Press. 
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Arterioscler Thromb Vasc Biol. 2013;33:2467-2469 
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  Confounding	
  influences:	
  
• What	
  is	
  the	
  cut	
  point	
  for	
  major	
  clinical	
  disease	
  
• Seasonal	
  variaFon	
  	
  
• GeneFc	
  variaFon	
  and	
  specific	
  populaFons	
  	
  
• Assays	
  	
  
	
  

Arterioscler Thromb Vasc Biol. 2013;33:2467-2469 
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De Boer et al.  Ann Intern Med. 2012 May 1; 156(9): 627–634  

Cut	
  Points:	
  Serum	
  25-­‐Hydroxyvitamin	
  D	
  ConcentraFon	
  and	
  Risk	
  for	
  Major	
  
Clinical	
  Disease	
  Events	
  in	
  a	
  Community-­‐Based	
  PopulaFon	
  .	
  	
  

• 1621	
  par/cipants	
  ≥	
  65	
  years	
  	
  
	
  4	
  US	
  communi/es	
  	
  
	
  
• Median	
  follow-­‐up	
  11	
  years	
  
	
  (IQ	
  range	
  6,13)	
  	
  
	
  
• Composite	
  clinical	
  outcome	
  	
  
	
  	
  1018	
  (63%)	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hip	
  fracture	
  for	
  137	
  (8%)	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MI	
  for	
  186	
  (11%)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Cancer	
  for	
  335	
  (21%)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Death	
  for	
  360	
  (22%)	
  	
  

Z	
  score	
  less	
  than	
  −0.54	
  
(29th	
  percen/le	
  of	
  the	
  
normal	
  distribu/on)	
  best	
  
discriminated	
  risk	
  for	
  the	
  
composite	
  outcome.	
  

Season	
  Specific	
  25OHD	
  Z-­‐Scores	
  

25OHD	
  concentra/on	
  (nmol/L)	
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De Boer et al.  Ann Intern Med. 2012 May 1; 156(9): 627–634  

• Based	
  on	
  associa/on	
  with	
  
major	
  clinical	
  disease	
  
events,	
  op/mal	
  25OHD	
  is	
  
≥	
  50	
  nmol/L	
  (20	
  ng/ml)	
  

Z	
  score	
  less	
  than	
  −0.54	
  
(29th	
  percen/le	
  of	
  the	
  
normal	
  distribu/on)	
  best	
  
discriminated	
  risk	
  for	
  the	
  
composite	
  outcome.	
  

Season	
  Specific	
  25OHD	
  Z-­‐Scores	
  

25OHD	
  concentra/on	
  (nmol/L)	
  

Seasonal	
  varia/on:	
  Serum	
  25-­‐Hydroxyvitamin	
  D	
  ConcentraFon	
  and	
  Risk	
  for	
  
Major	
  Clinical	
  Disease	
  Events	
  in	
  a	
  Community-­‐Based	
  PopulaFon.	
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*Wang	
  et	
  al.	
  The	
  Lancet,	
  2010:376,	
  (9736),	
  180	
  –	
  188	
  	
  
Gene/c	
  and	
  environmental	
  determinants	
  of	
  vitamin	
  D	
  status	
  

Gene/c	
  Factors	
  

	
  
• GWAS	
  studies*	
  
Differences	
  in	
  25OHD	
  between	
  strongest	
  geneFc	
  variants	
  were	
  
similar	
  to	
  summer	
  winter	
  seasonal	
  changes.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Variants	
  in	
  7-­‐DHC	
  reductase	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  25-­‐hydroxylase	
  (CYP2R1)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CYP24A1	
  	
  
• GC	
  gene	
  polymorphisms,	
  encoding	
  DBP	
  had	
  greatest	
  effect	
  on	
  
25OHD	
  values	
  	
  	
  
	
   KD
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Assays:	
  Vitamin	
  D	
  Binding	
  Protein 	
  	
  

•  DBP:	
  glycosylated~58kd	
  protein	
  
	
  	
  	
  	
  	
  	
  	
  	
  t	
  ½	
  	
  2-­‐3	
  days	
  
	
  	
  	
  	
  	
  	
  	
  	
  Produced	
  in	
  the	
  Liver	
  
	
  
•  NegaFve	
  acute	
  phase	
  reactant	
  	
  

	
  	
  Binds	
  acFn	
  in	
  Fssue	
  damage	
  
	
  	
  DBP-­‐acFn	
  is	
  rapidly	
  cleared	
  
	
  

•  25OHD	
  t	
  ½	
  is	
  2-­‐3	
  weeks;	
  	
  ligand	
  recycling	
  
	
  
• 	
  	
  	
  	
  	
  	
  1,25(OH)2D	
  t	
  ½	
  is	
  4-­‐6	
  hours	
  	
  KD
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25OHD	
  and	
  Circula/ng	
  Proteins 	
  	
  

•  25OHD	
  binds	
  to	
  DBP	
  in	
  circulaFon	
  

•  25OHD	
  binds	
  to	
  Albumin	
  

•  25OHD	
  circulates	
  in	
  a	
  free	
  form	
  

•  [Total]	
  =	
  [D]	
  +	
  [DAlb]	
  +	
  [DDBP]    

25D 

DBP 

Albumin 

Slide	
  modified	
  from	
  Dr	
  Thadhani	
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Free Hormone Hypothesis 	
  	
  

Only	
  UNBOUND	
  hormones	
  cross	
  cell	
  membranes	
  and	
  have	
  
biological	
  acFon	
  

DBP 

DBP 
DBP 

Albumin 

25OHD 

25OHD 

25OHD 

25OHD 

25OHD 
25OHD 

Slide	
  modified	
  from	
  Dr	
  Thadhani	
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Free Hormone Hypothesis 	
  	
  

Only	
  UNBOUND	
  hormones	
  cross	
  cell	
  membranes	
  and	
  have	
  
biological	
  acFon	
  

DBP 

DBP 
DBP 

Albumin 

25OHD 

25OHD 

25OHD 

25OHD 

25OHD 
25OHD 

Slide	
  modified	
  from	
  Dr	
  Thadhani	
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Albumin Bound 25OHD is Bioavailable 	
  	
  

Yet,	
  vitamin	
  D	
  deficiency	
  is	
  clinically	
  defined	
  by	
  TOTAL	
  25(OH)D	
  

DBP 

DBP 
DBP 

Albumin 

25OHD 

25OHD 

25OHD 

25OHD 

25OHD 
25OHD 

Slide	
  modified	
  from	
  Dr	
  Thadhani	
  

Free Hormone Hypothesis 	
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TBG-­‐bound	
  T4	
  
(no	
  exchange)	
  

Albumin-­‐bound	
  T4	
  
(bioavailable)	
  

DBP-­‐25OHD	
  
(no	
  exchange)	
  

Albumin-­‐25OHD	
  
(bioavailable)	
  

Target	
  Fssue	
   Kidney	
  epithelium	
  

Free	
  T4	
   Free	
  25OHD	
  

T4	
  deiodinase	
   CYP27B	
  1-­‐hydroxylase	
  

1,25D	
  
Thyroid	
  hormone	
  receptor	
   VDR	
  

Slide	
  modified	
  from	
  Dr	
  Thadhani	
  

Similar	
  to	
  T4	
  response	
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TBG-­‐bound	
  T4	
  
(no	
  exchange)	
  

Albumin-­‐bound	
  T4	
  
(bioavailable)	
  

DBP-­‐25OHD	
  
(no	
  exchange)	
  

Albumin-­‐25OHD	
  
(bioavailable)	
  

Target	
  Fssue	
   Kidney	
  epithelium	
  

Free	
  T4	
   Free	
  25OHD	
  

T4	
  deiodinase	
   CYP27B	
  1-­‐hydroxylase	
  

1,25D	
  
Thyroid	
  hormone	
  receptor	
   VDR	
  

Slide	
  modified	
  from	
  Dr	
  Thadhani	
  

Similar	
  to	
  T4	
  response	
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DBP	
  Modifies	
  the	
  Vitamin	
  D	
  -­‐	
  BMD	
  RelaFonship	
   	
  	
  

Powe,	
  J	
  Bone	
  Miner	
  Res	
  2011;	
  2011:	
  26	
  (7)1609–1616	
  

• 49	
  healthy	
  young	
  adults	
  enrolled	
  in	
  the	
  Metabolic	
  AbnormaliFes	
  in	
  
College-­‐Aged	
  Students	
  (MACS)	
  study	
  

• Free	
  and	
  bioavailable	
  25OHD	
  levels	
  were	
  posiFvely	
  correlated	
  to	
  
Lumbar	
  Spine	
  BMD	
  
• No	
  correlaFon	
  to	
  values	
  of	
  1,25(OH)2D	
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25±19	
  pmol/L	
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64±28	
  nmol/L	
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r=0.172,	
  p=0.236	
   r=0.413,	
  p=0.003	
   r=0.441,	
  p=0.002	
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DBP	
  Modifies	
  the	
  Vitamin	
  D	
  -­‐	
  BMD	
  RelaFonship	
   	
  	
  

WHITES	
   BLACKS	
  

25(OH)D	
   High	
   Low	
  

PTH	
   Low	
   High	
  

Bone	
  Mineral	
  Density	
   Low	
   High	
  

Osteoporosis/Fracture	
   High	
   Low	
  

This	
  may	
  explain	
  the	
  racial	
  paradox	
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Summary 	
  	
  

•  Vitamin	
  D	
  deficiency	
  as	
  is	
  currently	
  defined	
  is	
  an	
  
epidemic	
  

•  Assay	
  quality	
  assurance	
  and	
  standardisaFon	
  
remains	
  a	
  problem	
  

•  Seasonal	
  and	
  geneFc	
  factors	
  influence	
  25OHD	
  
levels	
  

•  Determining	
  bioavailable	
  vitamin	
  D	
  may	
  resolve	
  
some	
  paradoxes	
  of	
  associaFon	
  and	
  intervenFonal	
  
studies	
  	
  

•  Large	
  RCTs	
  may	
  soon	
  provide	
  insight	
  to	
  these	
  Qs	
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PracFse	
  Pazerns	
  for	
  Vitamin	
  D	
  in	
  CKD	
  

KD
IG
O



Approximate	
  KDIGO	
  
iPTH	
  Range:	
  2-­‐9X	
  

67%	
  in	
  target	
  
67%	
  in	
  target	
  

DOPPS	
  	
  USA	
  Data	
  2010	
  -­‐	
  2013	
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DOPPS	
  	
  USA	
  Data	
  2010	
  -­‐	
  2013	
  

22%	
   23%	
  

23%	
  of	
  PaFents	
  Receive	
  Cinacalcet	
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DOPPS	
  	
  USA	
  Data	
  2010	
  -­‐	
  2013	
  

22%	
   23%	
  

23%	
  of	
  PaFents	
  Receive	
  Cinacalcet	
  

68%	
  74%	
  

75%	
  of	
  PaFents	
  Receive	
  IVI	
  Vitamin	
  D	
  

40%	
  paricalcitol,	
  55%	
  doxercalciferol;	
  25%	
  with	
  cinacalcet	
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