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Outline	
  	
  
  Skeletal	
  
– 15%	
  of	
  vitamin	
  D	
  endocrine	
  func/on	
  
– Osteoporosis,	
  osteopenia,	
  osteomalacia	
  

  Non-­‐skeletal	
  
– 85%	
  of	
  vitamin	
  D	
  autocrine/paracrine	
  func/on	
  
– Ac/ons	
  of	
  vitamin	
  D	
  in	
  cells	
  
•  Immune	
  func/ons 	
   	
  •	
  	
  Autoimmune	
  
•  Cancer 	
   	
   	
  •	
  	
  Type	
  1	
  DM	
  
•  Cardiac,	
  Stroke 	
   	
  •	
  	
  Depression	
  
• Mul/ple	
  Sclerosis 	
   	
  	
  •	
  	
  Ethnic	
  differences	
  

Risk	
  Factors	
  for	
  
Vitamin	
  D	
  Deficiency	
  
  Not	
  in	
  sun	
  for	
  past	
  50	
  years	
  
–  1950,	
  1960s:	
  	
  air	
  condi/oning	
  and	
  TV	
  
–  1970s,	
  1980s:	
  children	
  in	
  school 	
  	
  

  Not	
  found	
  in	
  foods,	
  except	
  for/fied	
  foods	
  
– Milk,	
  cereal	
  

  Dark	
  skin	
  

Exposure	
  to	
  Sun	
  

  A	
  single	
  dose	
  of	
  UVB	
  radia/on	
  	
  
  Light-­‐skinned	
  	
  
  10-­‐15	
  min	
  
  20,000	
  IU	
  vitamin	
  D2	
  in	
  24	
  hours	
  

  Dark	
  skin	
  can	
  make	
  	
  D	
  
  But	
  takes	
  longer	
  
  Up	
  to	
  10X	
  as	
  long	
  

Sunshine	
  
1st	
  conversion	
  in	
  skin	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  D3	
  

2nd	
  conversion	
  by	
  liver	
  
25D3	
  -­‐	
  Calcidiol	
  

3rd	
  conversion	
  in	
  kidney	
  
	
  	
  	
  	
  	
  	
  1,25D3	
  Calcitriol	
  

3rd	
  conversion	
  in	
  cells	
  
	
  	
  	
  	
  	
  1,25D3	
  Calcitriol	
  

Cell	
  VDR	
  –	
  Immune/
Resistance	
  to	
  Disease	
  

Absorb	
  Calcium	
  
	
  	
  	
  Strengthen	
  Bones	
  

Sources	
  of	
  Vitamin	
  D	
  

Pool	
  	
  	
  	
  together	
  

For/fied	
  
Foods	
  

Supplements	
  

Sun	
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Vitamin	
  D	
  Iceberg	
  

15%	
  calcium	
  economy	
  
endocrine	
  

Heaney	
  R.	
  Vitamin	
  D:	
  Health	
  Promo8on,	
  Disease	
  Preven8on	
  and	
  Treatment;	
  View	
  from	
  the	
  Clinic.	
  Presenta8on	
  at	
  ADA	
  Food	
  and	
  
Nutri8on	
  Conference.	
  Oct	
  1,	
  2007.	
  

85%	
  cell	
  cycle	
  regula/on,	
  
gene	
  control	
  
autocrine	
  

Rickets	
  +	
  Osteomalacia	
  
 Rickets	
  

  Failure	
  to	
  mineralize;	
  
skull,	
  rib,	
  leg	
  

  Cod	
  liver	
  oil	
  

 Osteomalacia	
  
  Hard	
  shell,	
  soe	
  inside	
  

  Lack	
  of	
  D	
  
  Fast	
  weight	
  loss	
  

Khokhar	
  JS,	
  BreN	
  AS,	
  Desai	
  A.	
  Radionuclide	
  imaging.	
  	
  Am	
  J	
  Med	
  Sci	
  2009;337(4):245–247	
  
Pfeifer	
  et	
  al.	
  Osteoporos	
  Int,	
  July	
  16,	
  2008.	
  

Osteoporosis	
  +	
  Osteopenia	
   Vitamin	
  D	
  Ac/on	
  –	
  
Skeletal	
  
  Structure	
  

  Assist	
  with	
  calcium	
  absorp/on	
  

  Skeletal	
  –	
  Calcium	
  Balance	
  
 When	
  blood	
  levels	
  Vit	
  D	
  
-­‐	
  32	
  ng/mL	
  (80	
  nmol/L)	
  

Vitamin	
  D	
  Ac/on	
  –Skeletal	
  
Vitamin	
  D	
  Threshold	
  

0.5	
  

0.4	
  

0.3	
  

0.2	
  

0.1	
  

0.0	
   8	
   16	
   24	
   32	
   40	
   48	
   56	
   64	
  

Serum	
  25(OH)D	
  in	
  ng/mL	
  

Ca
lc
iu
m
	
  A
bs
or
p/

on
	
  F
ra
c/
on

	
  

Minimal/op8mal,	
  
serum	
  Vit	
  D	
  level	
  
is	
  about	
  32	
  ng/mL	
  
for	
  best	
  calcium	
  
absorp8on.	
  	
  
Calcium	
  
absorp8on	
  rises	
  
as	
  25(OH)D	
  rises.	
  

Heaney	
  RP.	
  Vitamin	
  D	
  endocrine	
  physiology.	
  	
  J	
  Bone	
  Miner	
  Res.	
  2007	
  Dec;22	
  Suppl	
  2:V25-­‐7	
  

Vitamin	
  D	
  Deficiency	
  :	
  	
  
Non-­‐Skeletal	
  
  Started	
  accumula/ng	
  for	
  7-­‐10	
  years	
  ago	
  (aeer	
  

the	
  last	
  RDAs	
  were	
  printed)	
  

  Epidemiological	
  rela/onships	
  

  Then	
  discover	
  “if”	
  and	
  “how”	
  	
  

  Expand	
  research	
  to	
  larger	
  groups	
  
  Then	
  determine	
  levels	
  needed	
  
hNp://www.medicalnewstoday.com/ar8cles/161618.php	
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Vitamin	
  D	
  Ac/ons	
  

Tight	
  vs	
  Disjunc/on	
  

  DNA	
  errors	
  or	
  epigene/c	
  events	
  
  Rapidly	
  dividing,	
  aggressive,	
  compete,	
  
penetrate	
  membrane	
  

  Vit	
  D	
  ac/vates	
  cell	
  adhesion	
  
– E-­‐cadherins,	
  catenins,	
  laminin	
  

  Low	
  vitamin	
  D	
  –	
  disjunc/on	
  

Cadherins	
  
(Calcium	
  dependent	
  

	
  	
  	
  adhesion	
  molecules)	
  

Cadherins	
  Joining	
  

Cadherins	
  	
  
(Calcium	
  dependent	
  

adhesion	
  molecules)	
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Vitamin	
  D	
  Ac/ons	
  
  Cell	
  Differen/a/on	
  

  S/mulate	
  differen/a/on	
  

  Inhibit	
  prolifera/on	
  

Vitamin	
  D	
  Ac/ons	
  
  Apoptosis	
  
– Programmed	
  sequence	
  of	
  events	
  leading	
  to	
  cell	
  
death	
  

– No	
  release	
  of	
  
harmful	
  substances	
  	
  

Vitamin	
  D	
  Deficiency:	
  	
  
Reduced	
  Immunity	
  
  The	
  innate	
  immune	
  system	
  	
  
– Rapid	
  response	
  to	
  bacteria,	
  viruses,	
  parasites,	
  etc.	
  
– An/microbial	
  pep/des	
  defensins	
  and	
  cathelicidins	
  
– 1,25-­‐dihydroxyvitamin	
  D3	
  and	
  three	
  of	
  its	
  analogs	
  
•  Cathelicidin	
  an/microbial	
  pep/de	
  (CAMP)	
  gene.	
  	
  

  An/microbial	
  pep/de	
  and	
  an/-­‐inflammatory	
  

Vitamin	
  D	
  Ac/ons	
  
  Potent	
  Immune	
  Modulator	
  

  Enhance	
  innate	
  immunity	
  
At	
  same	
  /me	
  

  Inhibit	
  development	
  
	
  	
  	
  	
  of	
  autoimmunity	
  

Cathelicidin	
  +	
  defensins	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  natural	
  an/	
  microbial	
  pep/des	
  

Vitamin	
  D	
  Deficiency:	
  	
  
Reduced	
  Immunity	
  

  H1N1	
  influenza	
  virus	
  outbreak	
  	
  
– Should	
  be	
  evaluated	
  

  Canada	
  
– Researchers	
  in	
  PHAC	
  with	
  McMaster	
  University	
  
– Correla=on	
  between	
  severe	
  disease	
  and	
  low	
  
	
  	
  	
  vitamin	
  D	
  levels	
  
– This	
  line	
  of	
  research	
  in	
  seasonal	
  influenza	
  will	
  be	
  	
  
	
  	
  	
  adapted	
  to	
  H1N1	
  

PHAC	
  sent	
  e-­‐mail	
  to	
  NutraIngredients-­‐USA.com	
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Vitamin	
  D	
  Contradic/ons,	
  in	
  Terms	
  
	
  of	
  Immune	
  Responses	
  

  Does	
  vitamin	
  	
  D	
  help	
  	
  to	
  promote	
  immune	
  
reac/ons,	
  i.e.	
  helps	
  apack	
  foreign	
  an/gen	
  ?	
  

Or	
  

  Does	
  vitamin	
  D	
  suppress	
  immune	
  apack,	
  and	
  
prevent	
  auto-­‐immune	
  disease?	
  

Evidence	
  shows	
  t
hat	
  it	
  does	
  both	
  !

	
  

Vitamin	
  D	
  Deficiency	
  –	
  	
  
Autoimmune	
  

 Autoimmune	
  diseases	
  such	
  as	
  
-­‐  Allergies 	
   	
  -­‐	
  Mul/ple	
  Sclerosis	
  

-­‐  Crohn’s 	
   	
  -­‐	
  Fibromyalgia	
  

-­‐  Lupus	
   	
   	
  	
  	
  

-­‐  Rheumatoid	
  +	
  Osteo-­‐Arthri/s	
  

Vitamin	
  D	
  Ac/ons	
  
  An/-­‐inflammatory	
  ac/on	
  
– Some/mes	
  as	
  COX-­‐2	
  inhibitor	
  

– Decreases	
  C-­‐Reac/ve	
  Protein	
  
–  Infec/ons	
  

  Regulate	
  200	
  different	
  genes	
  
– Responsible	
  biologic	
  processes	
  

Vitamin	
  D	
  Deficiency:	
  	
  
Diabetes	
  &	
  Glucose	
  Control	
  
  2000	
  IU/d	
  –	
  Finland	
  
– 1st	
  year	
  of	
  life	
  
– Reduce	
  risk	
  type	
  1	
  diabetes	
  over	
  30	
  yr	
  by	
  80%	
  

  Boston-­‐based	
  Joslin	
  DM	
  Center	
  
– 75%	
  of	
  young	
  type	
  1	
  DM,	
  insufficient	
  Vit	
  D	
  level	
  

Vitamin	
  D	
  Deficiency:	
  	
  
Cancers	
  –	
  21	
  Different	
  	
  

Garland	
  C.	
  Vit	
  D	
  and	
  Cancer.	
  Present	
  to	
  IOM,	
  Aug	
  4,	
  2009	
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Lab	
  Measurement	
  
•  Deficiency 
•  <8ng/mL 
•  (<20 nmol/L) 

•   Insufficiency 
•  8.4-11.6 ng/mL 
•  (21-29 nmol/L) 

•  Old Lab Values 
•  12-28 ng/mL 
•  (30-70 nmol/L) 

•  Current Normal 
•  25-70 ng/mL 
•  (63-175 nmol/L) 

Need at least 4000 IU per day to 
support this level 

•  Future  
•  40-60 ng/mL or (50-100) 
•  (100-240 nmol/L)  

•  Toxic 
•  >200 ng/mL 
•  (>500 nmol/L)  
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  Vitamin	
  D	
  Summary	
  

*In	
  nanograms	
  per	
  milliliter;	
  	
  ng/mL	
  

Level	
  in	
  ng/
mL*	
  

	
  Condi/on	
  

<	
  8	
   Rickets	
  and	
  osteomalacia	
  

	
  12	
  –	
  28 Osteoporosis	
  and	
  osteopenia	
  

	
  >	
  32	
   Necessary	
  for	
  good	
  calcium-­‐PTH	
  homeostasis	
  

40	
  -­‐	
  60	
  	
   Recommended	
  by	
  vit	
  D	
  researchers	
  to	
  Ins8tute	
  of	
  Medicine	
  to	
  
become	
  the	
  normal	
  laboratory	
  standard	
  of	
  measure	
  

	
  50	
  -­‐100 Recommended	
  by	
  Dr.	
  Cedric	
  Garland	
  to	
  be	
  the	
  best	
  normal	
  levels	
  

 200	
   Beginning	
  of	
  toxic	
  range	
  

Vitamin	
  D	
  Supplements	
  	
  
 	
  RDA+ 	
   	
  	
  	
  Today	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Future	
  
RDA	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  = 	
  	
  	
  	
  	
  	
  	
  400	
  IU 	
  	
  	
  	
  	
  	
   	
  	
  1,000	
  -­‐	
  2,000	
  IU	
  	
  	
  	
  
Upper	
  Level	
  =	
   	
  	
  	
  	
  2,000	
  IU	
  	
   	
  	
  	
  	
   	
  10,000	
  IU	
  
Toxic	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  = 	
   	
   	
   	
  >30,000	
  IU/day	
  	
  	
  	
  	
  

 Individual	
  Vitamin	
  D	
  
  Soegel	
  or	
  drops	
  
  Vitamin	
  D3	
  
  1000	
  IU	
  or	
  2000	
  IU	
  

	
  (50	
  mcg	
  or	
  100	
  mcg)	
  

Vitamin	
  D	
  Supplements	
  	
  

 Over	
  the	
  counter	
  
 Walgreens	
  
  Target	
  
  CVS	
  

 Internet	
  
  Be	
  sure	
  it	
  is	
  soegel	
  or	
  drops	
  
 Amazon.com	
  
 Vitacost.com	
  
  Carlson	
  labs	
  	
  

In	
  Brief	
  -­‐	
  Serum	
  Calcitriol	
  

 ↑	
  Vit	
  D	
  levels	
  are	
  	
  
	
  ↓(inversely)	
  related	
  to	
  most	
  chronic	
  diseases	
  

  Vitamin	
  D	
  works	
  in	
  mul/ple	
  systems	
  

  RDA	
  Needs	
  to	
  be	
  higher	
  than	
  current	
  400	
  IU	
  

Summary	
  
In	
  Brief	
  -­‐	
  Serum	
  Calcitriol	
  
 Most	
  of	
  us	
  need	
  a	
  supplement	
  
– 1000	
  	
  2000	
  IU	
  per	
  day	
  is	
  within	
  current	
  RDA	
  
– Loading	
  dose	
  of	
  6000	
  IU	
  per	
  day	
  for	
  3	
  months	
  

  Near	
  Future:	
  2000	
  to	
  10,000	
  IU	
  
– We	
  u/lize	
  3500	
  to	
  6000	
  IU	
  per	
  day	
  

  Best	
  to	
  check	
  blood	
  levels	
  
–	
  	
  40	
  to	
  60	
  ng/mL	
  or	
  higher	
  
–  	
  Garland	
  suggests	
  50-­‐100	
  ng/mL	
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Missing	
  vs	
  Addi/on	
  
  “Dietary	
  omission	
  rather	
  than	
  the	
   	
  	
  

addi/on	
  of	
  chemical	
  carcinogens	
  	
  
leads	
  to	
  tumor	
  forma/on.”	
  

  Nutrients	
  of	
  concern	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Vitamin	
  D	
  
– DHA 	
   	
   	
  	
  −	
  Choline	
  
– Vitamin	
  B12	
   	
   	
  	
  −	
  Soluble	
  fiber	
  	
   	
  	
  
–  Calcium	
   	
   	
  	
  −	
  Iron	
   	
  	
  

Thank	
  You	
  	
  

Lenore@Hodgesphd.com	
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