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What can you tell 

Us about  

vitamin D 

That we  

Don’t know about 

??????? 

 



At  Did you know 
That Worms 

Can 
Benefit 
From 

Vitamin D 
???? 

 



Holick 
You Need to  
Seek Council 

From a  
Higher Authority 

 





Holick you are  
An Idiot !!!  

What else can you say 

To this audience 

About vitamin D that  

They do not know 

From the  

IOM REPORT 

 ????  



Institute of Medicine 

IOM 

IOM 2010 



IOM 2010 

RDA= 3X 

200 IU to 600 IU/d 

UL = 2X 

2000 to 4000 IU/d 





  But 

Did they get it  

Right 

 ?????? 



June 6,2011 

Endocrine Practice 

Guidelines Committee 

Recommendations 



Neil Binkley Michael Holick 
Heike Bishoff-Ferrari 

Catherine Gordon David Hanley 
Robert Heaney Connie Weaver 



Objective:  
  

 The objective was to provide 

guidelines to clinicians for the 

evaluation, treatment, and prevention 

of vitamin D deficiency with an 

emphasis on the care of patients who 

are at risk for deficiency. 

  



                  IOM Guidelines 

 

“not intended to direct physicians 

on care of patients” 

 

"it is up to professional 

associations to establish 

guidelines for care” 

 

"used a population model, not a 

medical model" 

  

  



Recommended Intake  

0-1 YEAR 400-1000 IU/D 

 1-18 YEAR 600-1000 IU/D 

 18+ YEARs 1500-2000 IU/D 

Obesity 2-3 Times more 



Dr Holick 
Receives support 

 
From NIH 

 

Consultant and Speaker 

Quest Diagnostics 

Shire 

Vital Choice 

Ontometrics 

Sanofi 

Hypermarcus 

Abbott 
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And Support 

From The  

Sun 



Michael 

There has been some 

controversy swirling around 

you 

Give us an update 

 



Hurricane Michael 







I wonder 

What Glen 

Thinks about this 

????????? 

 



Dr. Holick 

I do not think 

You are being paid 

ENOUGH !!!!!!! 

 





How much calcium do we need ? 
Who is at  

Risk for  

Vitamin D 
Deficiency 

??? 



EVERYONE 



WHAT’S 

THE BIG DEAL ABOUT 

VITAMIN D  

DEFICIENCY 

??????? 

GLOBAL WARMING !!!!!!!! 



RICKETS 

OSTEOMALACIA 

     DM,MS,RA,     

HBP,CHD 

INFECTIONS 

CANCER 

VITAMIN D DEFICIENCY 





















Do you know why  
I became  

hypopigmented  
???????? 



Rachitic Pelvis 

Normal Female 

Pelvis 



FINALLY 
WE CAN MAKE  
VITAMIN D 
   !!!!!!!!!       



         MY  

SKIN PIGMENT 

GENE MUTATED 

TO PERMIT  

ADEQUATE 

 VITAMIN D 

 PRODUCTION 

                  MY  

            SKIN PIGMENT  

       IS PERFECTLY                                            

DESIGNED 

!!!!!!     

COMPARE & CONTRAST 



HOW DO YOU MAKE 

VITAMIN D ????  



7-DHC 

HO 

 Vitamin D3 HO 

ΔH 

CH2 

 PreD3 

HO 

Solar UV Radiation 



Can I make  
Too much 
Vitamin D 

????? 



ΔH 

7-DHC 

HO 

 PreD3 

HO 

 Vitamin D3 

HO 

UV 

 Lumisterol3 

HO H 

 Tachysterol3 

OH 

H3C 

UV 

UV 

 Suprasterol I 

OH 

 Transvitamin D3 

OH 

 Suprasterol II 

HO 

UV 
UV 

UV 

CH2 

 YOU CANNOT BECOME 

VITAMIN D TOXIC FROM 

        SUN EXPOSURE 



Did you know 

The Vitamin D  

Made in skin  

Lasts 2X longer 

Than vitamin D  

From the diet ??? 







Sniadecki 

1822 

Association Study 

Rickets &Sunlight 



“STRONG AND OBVIOUS IS THE INFLUENCE  

OF SUN ON THE CURE OF RICKETS AND THE 

 FREQUENT OCCURANCE OF THE DISEASE 

 IN DENSELY POPULATED TOWNS WERE  

THE STREETS ARE NARROW AND POORLY LIT” 





1931 US GOVERNMENT 

PROVIDED RECOMMENDATIONS 

FOR SUN EXPOSURE 



US Department of Labor 

1931 



 
Mommy 

Will I make 
Enough vitamin D 

???? 
What about skin  

Cancer 
???? 

 



 

Dermatology 

   Societies  

FOR 50 YEARS  

  ARE YOU 

    SURE 

    ????? 



 WHAT WILL  
HAPPEN IF MY 
CHILDREN GO  
OUT WITHOUT 
 SUNSCREEN ? 



CHILD ABUSE Child Abuse 



Is it true we 

put vitamin D 

in milk ????? 









STEENBOCK 1920s 



VITAMIN D 
is 

ESSENTIAL 
FOR 

BONE HEALTH 



Case #1  
• 7 month Old Female  

• Muscle Weakness  

• Tetanic seizures 

• Serum calcium 4.2mg% •  



KIKI 
Franklin ZOO 

 KIMANI 



  MY 

BONES               

HURT!!!! 



MY DAUGHTER  

  NEEDS HELP 

IMMEDIATELY                                                     

!!!!  





    Please CALL  
     Dr. HOLICK 
      !!!!!!!!!!!!!! 



FINALLY 

THEY GOT 

Dr. Holick 

   !!!!!!!!!       

D-ficient 



5000 IU VITAMIN D3 

   I FEEL 

GRRREAT 

   !!!!!!!!!       



1
st

 Birthday 



 

     YES 

    !!!!!!!! 
MOMMY 

Will my  

GROWTH 

Be STUNTED  

????      









BOSTON MEDICAL CENTER 



MY DOCTOR SAID 
BREAST MILK PROVIDES 
ALL THE NUTRITION 
MY INFANT NEEDS.   



79 

THERE IS  
LITTLE VITAMIN D 

BREAST MILK 

~ 25 IU/L 



CAN I BE AT 

RISK ??????              



IS VITAMIN D DEFICIENCY 

A COMMON PROBLEM 

FOR PREGNANT WOMEN 

?????? 



AM I AT RISK 
      OF 
VITAMIN D 
DEFICIENCY      
??????              
MY MOM TAKES 
PRENATAL VITAMIN 



83 

BOSTON MEDICAL CENTER 

40 MOTHERS AND THEIR INFANTS 

                  AT BIRTH 

MEASURED VITAMIN D STATUS 

     25-HYDROXYVITAMIN D 
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70% MTV 

DRANK  

2.3 GLASSES 

MILK/D 

Daily Intake Vitamin D 

~600 IU 



76% Mothers 

 Vitamin D Deficient 

81% Newborns 

25(OH)D < 20NG/ML 
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Strong, inverse relation between maternal 

25(OH)D at <22 weeks and risk of preeclampsia 

Adjusted OR (95% CI) associated with a 50-nmol/l 

decline in 25(OH)D:  

2.4 (1.1, 5.4))  

20 ng/ml 

Bodnar et al 07 



Preeclampsia 

Lowest 40-50 ng/mL 





400 vs 4400 IU/D 10-18 wks 

No Benefit 

However 

Significant reduction if 

25(OH)D> 30 ng/mL 

in early and late pregnancy 







0      20     40     60     80 

Mother’s 25(OH)D ng/ml 

Probability C-Section 

400 %  





Could I have 

been delivered  

At Term   

If Mom had 

taken  

Vitamin D 

????          





Gestation Age 

25(OH)D 

60% reduction PMB if 

25(OH)D> 40 ng/mL 



Mom 

Thanks for Taking 

Vitamin D 

 



I NEED 2000 IU VITAMIN D/DAY 

TO PROVIDE ENOUGH VITAMIN D 

FOR ME & MY INFANT 
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6000 IU/D 

Hollis and Wagner AJCN 2004 

How much does 

my Mother need 

to provide me with 

my Vitamin D in 

Breast milk ???? 



BUT INFANTS ARE 
MORE 
SUCCEPTIBLE  
TO VITAMIN D 
INTOXICATION 
       !!!!!!!!!!              



How Much Do  
I Need To 
Prevent 

Vitamin D 
Deficiency                      

?????              



I NEED VITAMIN D 

AT BIRTH 



           American Academy Pediatrics 

Beginning at Birth 

 All 

  INFANTS need 

       400 IU Vitamin D/d 



Case #2  

• 1 Year Old Female  

• Muscle Weakness  

• Boney Deformities  

• Failure to Thrive  





JURASSIC SYNDROME 

750,000 young at risk 



Diet  

• Lettuce  
• Crickets 

Dx ?  







750,000 IMPORTED/YEAR 



Osteoporosis & Osteomalacia 

D-ficient 







VITAMIN D DEFICIENCY 



VitaminD  

Deficient 



VITAMIN D DEFICIENCY 



VITAMIN D DEFICIENCY 



Osteomalacia  

RX  

Rickets  
? 









Even reptiles 

need sunlight 

for their 

Vitamin D 









We need 

Calcium & 

Vitamin D for 

Strong Bones 

& Teeth 





Case #3 
• 6 month old twins  

• Muscle Weakness  

• Boney Deformities  

• Failure to Thrive  





Vitamin D-deficient 

Severe  

proximal muscle weakness 



Vitamin D + TLC 



Case #4  
• 5 Year Old Female  

• Poor Dentition  

• Dental Caries 

• Delayed tooth eruption  



D-ficient 

Dental Problems 





Inverse relationship with 

maternal 25(OH)D  

vs 

 amount of decay 

In infants 

 

Pediatrics April 2014 



D-ficient 

Periodontitis 

  Tooth Loss 



AJCN 2004;80,108 



Case #5  
• Fertile couple from Indonesia 

• Relocated to Washington DC                    

for diplomatic reasons    

• Had nonviable offspring  





NATIONAL ZOO 

KOMODO DRAGONS 

NON-VIABLE HATCHLINGS 

WHY??? 

UVB 

Vitamin D-ficient 





NEEDED VITAMIN D 

UVB 



Did you know??? 

 

Vitamin D Deficiency 

Associated 

Infertility 

Low Birth Wt 

Poor Birth Outcomes 

 

    







Is it 
TrueVitamin D 

is Rare in 
Foods???  



0.0% 

Yes!!! 

0.0% enough 

From Diet 

% US POPULATION USUAL VITAMIN D INTAKE 

FROM DIET ALONE OR DIET + SUPPLEMENTS 

200,400,600 IU 



Did you Know 

Mushrooms 

Make Vitamin D 

    ????? 





UM,UM GOOD 
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 I EAT  

FISH 

 Do 

All fish 

Have a lot 

of vitamin D 

??? 



WHAT TYPE 
DO WE NEED 
TO EAT??????     

NO 
Sailfish 
Have 
NONE !!!     



     Nor Do 
Rooster Fish !!!     



OILY FISH 
SALMON 

HOW MUCH 
????? 



5-7 Times/Week 

500-1000 IU/3.5 oz 





Sunlight makes us 
feel good ! 



SUMMER 

UVB 

  PRODUCE   

VITAMIN D 





WINTER 
UVB 

        NO   
VITAMIN D 
    ??????? 





Jul Aug Sep Oct Apr May Jun Nov Dec Jan Feb Mar 

0 

2 

4 

6 

Month 

Seasonal Effect on Cutaneous Vitamin D 

Synthesis in Boston 
V

it
a

m
in
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S
y

n
t
h

e
s

is
 %

 

Webb et al 

Nov-Feb 

     0% 

Can You Make Any 

               ?????? 



Not In The  

Winter 





All Year 

In   

Miami Florida 

 Latitude 

25.8 N 



Cannot 

Make 

Vitamin D 

In 

Winter 

Above 

32 N  

 



20 N 





Ozone 

NO2 

SO2 
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Great for Romance 

Not for Vitamin D  

10am-3pm 

Can I make vitamin D 

While jogging in early 

Morning sun ???? 













Is it True 

Suncreens Reduce  

Vitamin D Synthesis 

     ???????????? 



Medical Student with Sunscreen 



-1 0 1 2 3 4 5 6 7 8 9 101112131415
0

5

10

15

20

25

30

35

Days 

S
e

r
u

m
 
C

o
n
c

e
n

t
r
a
t
i
o

n
 

o
f
 
V

i
t
a
m

i
n

 
D

 
(
n

g
/
m

l
)
 

Holick, 1987 

Without Sunscreen 

With Sunscreen 

SPF30   ~95% 



90-95% of  our 

Vitamin D comes 

from Exposure 

to Sunlight 



HOW MUCH 

SUN 

EXPOSURE 

???????????? 













Total Body 

Irradiation 1X 
   ORAL 

VITAMIN D 



1 minimal 

 erythemal 

 dose 



Exposure to 

1 Minimum Erythemal 

Dose 

~20,000 IU Vitamin D3 

(RDA 600-800 IU)  



Therefore - 

To get the RDA of 1500-2000 IU 
of vitamin D3 

Need to expose 15-20% 
of Body Surface 



Is it True 

 I washing off 

The Vitamin D I just 

Made from the Sun 

????? 



Not True 

Vitamin D  

Is made in the  

Living cells in 

The skin !!!! 



Does Sunlight Really 

Provide us with Vitamin D 

???????  





Brot et al, Brit J Nutr (2001), 86, Suppl. 1, S97-S103 

SUMMER 

35 ng/ml 

WINTER 20 ng/ml 



IS IT TRUE AGING 

AFFECTS VITAMIN D 

SYNTHESIS ???? 



YES 
75% REDUCTION 
Holick  et al Lancet 1989 



IS IT TRUE 
CAN I STILL MAKE A 

SUFFICIENT AMOUNT 
?????????? 



YES 

THE SKIN HAS  

A LARGE CAPACITY 

TO MAKE VITAMIN D 



0 1 2 3 4 5
0

2

4

6

8

Time (weeks) 

Changes in Serum 25(OH)D with 

Sunlight Exposure 

Δ
2
5
(O

H
)D

 (
ng

/m
l)
 

30 min/d 

15 min/d * 

** 
*** 

* 

 Reld 1988 







Did You Know 

Obesity Causes  

Vitamin D Deficiency? 

Wow !!! 



P = 0.077 

BMI vs. serum 25(OH)D (N= 10) 

P = 0.021* 

r2 = 0.51 

P = 0.643 

BMI 



50 

40 

30 

20 

10 

0 S
e
ru

m
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 (
n

m
o

l/
L

) 

Normal

Weight 

* 

Obese 
BMI>30 

** 

Serum Vitamin D Levels After Exposure 

 Of Non-obese And Obese Adults To The 

 Same Amount Of Ultraviolet Radiation 

55% 



Is Vitamin D 
Stored In Fat 

?????? 





  4-320ng/g 

Vitamin D Both 

D2&D3 

Rx Obese pts  

need 

2-3 X vitamin D  

50,000 IU vitamin D/wk 



What Happens to Serum 25(OH)D with 
Massive Weight Loss after RYGB ? 

 

• Available reports of 25(OH)D levels after 
RYGB are discrepant 

• Decreased (1,2) 

• Unchanged (3,4) 

• Increased (5,6) 

(1) Aasheim ET et al. Am J Clin Nutr 2009;90:15-22. 

(2) Johnson JM et al. Ann Surg 2006;243:701-4 

(3) Coates PS et al. J Clin Endocrinol Metab 2004;89:1061-5. 

(4) Fleischer J et al. J Clin Endocrinol Metab 2008;93:3735 

(5) Stein EM et al. Clin Endocrinol (Oxf) 2009;71:176-83. 

(6) Bruno C et al. J Clin Endocrinol Metab;95:159-66. 



Mean weight, 25(OH)D and Vitamin D Intake 

N 

=17 N 

=17 
N 

=13 
N 

=10 
N 

=7 

N 

=17 

N 

=14 

N =7 

N 

=6 N 

=5 

63 mcg 73.5 mcg 73.5 mcg 73.5 mcg 73.5 mcg 

Weight loss  : 

 34.9 kg at 6 mo 

 54.8 kg at 12 mo 

No change in 25(OH)D 



 Skin 
Pigment affects 

Vitamin D 
Synthesis 

Need 4 to 10X 
more exposure 
Than my friend 



Therefore do I 

Need 2X more  

Vitamin D??? 

No I need the  

Same amount 

As a White adult 



I HATE TAKING 

CALCIUM 

EVERY DAY 

 

How do  

You Define 

Vitamin D 

 Deficiency 

????  



Serum 25(OH)D is 

the barometer for 

vitamin D status 



Excess 

Normal 

Deficient 

100 ng/ml 

20 ng/ml 

25(OH)D 

H 

N 

L 



100 ng/mL 

25(OH)D in Lifeguards 

110 

ng/mL 

H 

110 ng/mL 





Normal 

Deficient

???????? 

20 ng/mL 

25(OH)D 

L 



Holick 
What evidence 

Is there  
For  

25(OH)D> 30/ng/ml 
For better 

Health 



Vitamin D Inadequacy (<30 ng/ml) 
Prevalence by Latitude 

42 N 

35 N 

N=198/362 

(54.7%) 

N=259/532 

(48.7%) 

N=342/642 

(53.3%) 

Sites also in Alaska and Hawaii 

 P=NS for test of trend 

Holick MF. ASBMR, 2004. 



30 ng/ml> 



>30 ng/ml 

Prevalence of 2
nd

 Hyperparathyroidism 

21 ng/ml 

~3X Risk 2 HPTH 



Excess 
    Normative 

20-100 ng/ml 

Deficient 

>100 ng/ml 

<20 ng/ml 

Endocrine Society’s 
Recommendation 25(OH)D 

   Preferred 

40-60 ng/ml 



Is Vitamin D  

D-ficiency 

A 

Health Issue 

????? 



32% 

25(OH)D<20 ng/ml 



40 % Deficient 

60 % insufficient 







Vitamin D 

Deficiency 

•   Osteomalacia 

•      Osteoporosis 

•   2º HPTH 



Does Vitamin D 

Reduce Risk 

Of 

Fractures 

?????? 





Loss of Matrix & Mineral 

Osteopenia/Osteoporosis 

Osteoclast 







Normal Deficient 



Subclinical 

 Vitamin D Deficiency 

 PRECIPITATES  

            &             

 EXACERBATES  

OSTEOPOROSIS 







Curiously  

Your aches and pains 

In your bones and muscles 

Always occur during 

The winter 

I wonder why 

?????? 



Symptoms 

•   Generalized bone pain 

•   Muscle aches 

•   Isolated bone pain 



40-60% OSTEOMALACIA 





Non-immigrant and Immigrant Subjects

Serum 25-Hydroxyvitamin D Levels (ng/ml) in

35

30

25

20

15

10

5

0

Non-immigrant Subjects Immigrant Subjects

150 aged 10-65 yrs 

Bone & Muscle Pains 

93% Vitamin D Deficient 
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            78 Y/O M 

    MUSCLE WEAKNESS 

ATROPHY, DENERVATION 

+EMG 

+NCS 
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ALS 
Symptoms resolved 
    Rx VITAMIN D 

progressive painless muscle weakness with muscle atrophy, 

 which manifests like lower motor neuron disease 

 and improves after vitamin D supplementation 
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  Is it True that  

Vitamin D can 

Improve Muscle 

Strength 
 

           !!! 



254 
SUN & MUSCLE STRENGTH 



255 

       

VITAMIN D IS  

         GOOD FOR 

MUSCLE STRENGTH 



256 

28-32 ng/ml 

JCEM 2007 



257 

72% Less Falls 

800 IU/d 5 months 

No Benefit  

200,400 or 600IU/d 
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           YES !!!! 

  DESPITE BEING  

    ON AN TC MVT 

My Bones 

& 

Muscles  

Ache                                                 

!!!  

Stupid You 

Are  

Vitamin D 

Deficient 

!!!!                       



259 

25(OH)D  > 30 ng/ml 

Muscle strength,  

balance,  

lower extremity function 
 BMD 

Fall risk  Fxs 





DO YOU PURCHASE 

GALLON OF GAS ??? 



TREAT VITAMIN D DEFICIENCY 

50,000 IU VITAMIN D2 

ONCE/WEEK 

8 WEEKS 

~6500 IU/d 



MAINTAIN VITAMIN D SUFFICIENCY 

50,000 IU VITAMIN D 

ONCE/ 2WEEKS 
~3000 IU/d 



WILL Rx  

VITAMIN D2 FOR 

6 Years 

Be Effective & Safe 

For Maintaining 25(OH)D 

Levels 

?????? 



DEFICIENT 

INSUFFICIENT 

SUFFICIENT 

0 

20 

30 

40 

50 

60 

70 

0 72 
Time (Months) 

M
e
a
n

 2
5
(O

H
)D

 (
n

g
/d

L
) 

20 ng/ml 

~40 ng/ml 

   6 yrs 

MEAN 25(OH)D LEVELS IN PATIENTS RECEIVING  

50,000 IU VITAMIN D2 EVERY 2 WEEKS FOR 6 YRS 

~3000 IU/d 

Pietras Arch Int Med 2009 



Can I give 
50,000 IU 

 twice a month 
Without screening 

For 25(OH)D 
??????????? 



Endocrine Society’s 

Practice Guidelines 



50,000IU twice a month 

      25(OH)D were 

       35-50 ng/mL 





50,000 IU twice a month 

     For up to 6 Years 

No baseline measurement of 

               25(OH)D 

50 ng/mL 

80 ng/mL 



DID YOU KNOW  

VITAMIN D2 is 

30% as EFFECTIVE  

As VITAMIN D3 

!!!!!!!! 

Heaney et al 2005 



R2D2 

IS D3  

MORE 

EFFECTIVE 

THAN D2 

????                                          

C3PO 
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           YES !!!! 
  DESPITE BEING  
    ON AN TC MVT 

IS VITAMIND2 

REALLY BETTER  

THAN VITAMIN D3 

?????? 



274 

1000 IU Vitamin D3/d 

or 

1000 IU Vitamin D2/d 



10 

15 

20 

25 

30 

35 

Mean Serum Total 25(OH)D Levels  

Week 1   Week 2   Week 3  Week 4   Week 5   Week 6  Week 7  Week 8   Week 9  Week 10 Week 11  Week 12 
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P=0.45 

P=0.63 

P=0.45 

P=0.75 
P=0.65 

P=0.27 

P=0.59 

P=0.17 P=0.71 

P=0.45 P=0.30 

P=0.54 

Time (weeks) 

PLACEBO 

1000 IU D2 

1000 IU D3 
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           YES !!!! 
  DESPITE BEING  
    ON AN TC MVT 

BUT VITAMIN D2 

INCREASES THE  

DESTRUCTION 

OF VITAMIN D3 

!!!!!!!! 



Time (weeks) 

M
e

a
n
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5
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H
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e
v
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n
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2
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 in Subjects receiving Vitamin D
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25(OH)D2 

25(OH)D3 
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Time (weeks) 

1     2     3     4     5     6    7     8     9    10   11   12 

32 

30 

28 

26 

24 

22 

20 

18 

1000 IU Vitamin D  

Sufficient 

No one was sufficient 





WILL YOU BECOME  
VITAMIN D 

INTOXICATED 
???? 

   ,ELEVATED 

Ca,Pi,25(OH)D 

   CALCIFY          

BLOOD 

VESSELS 

&KIDNEYS 



10,000 IU/d 

10,000 IU/d 

    Is Safe 



The dose response relationship between oral vitamin D supplementation and serum 

25(OH)D levels based on 22,214 observations of healthy volunteers. 

Ekwaru JP, Zwicker JD, Holick MF, Giovannucci E, et al. (2014) The Importance of Body Weight for the Dose Response 

Relationship of Oral Vitamin D Supplementation and Serum 25-Hydroxyvitamin D in Healthy Volunteers. PLoS ONE 9(11): 

e111265. doi:10.1371/journal.pone.0111265 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0111265 

15,000 20,000 

25(OH)D~ 60ng/ml 

Upper Limit 

25(OH)D= 100 ng/ml 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0111265


What about 

Infants and 

Children 

?????? 



Infants & Toddlers 

2000 IU/d;50,000 IU/wk 

             Safe 

 



400IU 2000IU 4000IU 

Hollis et al JBMR 2012 

~ 50 ng/ml 



Serum Ca 



Urinary Ca 



1 MILLION IU 

VITAMIN D/DAY 

1000 IU/TSP 



KOUTIA et al NEJM 20002 

Ca= 15.2 mg/dl 

25(OH)D= 520 ng/ml 
     



IT IS 

DIFFICULT 

TO BECOME 

VITAMIN D 

INTOXICATED 



WHY SHOULD 

I CARE ?????? 



Skin 

   1,25(OH)
2
D

3 

25(OH)D
3 

Liver 

 25-OHase 

Kidney 

 1α-OHase 



VDR 

VDR 

VDR 

VDR 

VDR VDR 

VDR 

VDR 

VDR 
VDR 

VDR 
VDR 

VDR VDR 

VDR 

VDR 
ESSENTIALLY EVERY TISSUE AND CELL HAS A VDR 



WHAT ARE 

THE 

FUNCTIONS?

?????? 

WHY????? 



Suda et al 1979 
RX -1,25(OH)2D3 

+VDR 





WHAT IS  THE  

EVIDENCE THAT 

VITAMIN D AND  

SUNLIGHT  

DEFICIENCY 

INCREASES 

RISK OF DEADLY 

CANCERS           

     ???????? 



50% PROJECTED REDUCTION 

COLON CANCER  WITH 1000 IU/D 

Garland et al 2005 



25(OH)D = 48 ng/ml 

50% LOWER RISK 



Lappe et al AJCN 2007 

   60% 

  LESS 

CANCERS 
1179 PM WOMEN 

1200MG Ca +- D3 

ALL CANCERS 

YEARS 0-4 

1100 IU D3 









 

    This is a  

        REAL 

CONUNDRUM 

        !!!!!!!!!       





1-OHase 

25(OH)D 1,25(OH)
2
D 

Autocrine Regulation of 

Cell Growth 
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25(OH)D>30 ng/ml
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~ 2000 Genes  

    Affected 

By 1,25(OH)2D 



WHAT IS              

THE EFFECT OF 

VITAMIN D ON 

THE  

IMMUNE SYSTEM 

     ???????? 



ACTIVATED MACROPHAGES 

 Metabolize 25(OH)D3 to 1,25(OH)2D3 

25(OH)D3 1,25(OH)2D3 

Adams et al  JCEM 1987 





1849 

Brompton Hospital 
Records, 38 1849 

Codliver oil - Rx Tuberculosis 







25(OH)D 

1,25(OH)2D 

Death 

Cathelicidin 
mRNA 

TB 

1-OHase 
mRNA 

1-OHase  

Cathelicidin 

TLR2/1 

MACROPHAGE 

Liu et al Science 2006 



„Der Zauberberg“ (Thomas Mann 1924)

Treat and Prevent TB 



 

     Why is flu 

 Season always 

 In the WINTER 

    ???????     



1981 Edgar 

Hope-Simpson 

Suggested a  

“SEASONAL                        

STIMULUS”    



Jan-Mar 



Jan-Mar 

25(OH)D 

 

winter 

32 ng/ml 

12 ng/ml 



25(OH)D=38 ng/ml 2X    



Influenza A + School Children 

Placebo         18.6% 

+1200 IU Vitamin D 10.8% 

42%     





Type 1 Diabetes/100,000 

        Boys<14 yrs  

10X 

15X 

Garland et al  2008 



Hypponen et al. Lancet 2001 



Annual age-adjusted incidence rates of type 1 diabetes, children < 14 years 

old, per 100,000 population, Finland, 1965-2005 
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        1964 

Recommended 

Vitamin D intake 

Reduced  from 

4500 to 2000 IU/d 

        1975 

Recommended 

Vitamin D intake 

Reduced  from 

2000 to 1000 IU/d 

        1992 

Recommended 

Vitamin D intake 

Reduced  from 

1000 to 400 IU/d 



 

 

WHAT IS THE 

EVIDENCE 

& 

MECHANISM 

     ???????? 



Beta-ISLET CELL 
1,25(OH)D3 

VDR + 
VDR + 

 Insulin 
  + 

Metabolic Syndrome  & Type 2 Diabetes 



Ca 

<500 mg 

> 1200 mg 

< 400 IU 

> 800 IU 
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33%  

Ca > 1200 MG 

+ 

VIT D > 800 IU 

Pittas et al JCEM 07 



North-South Gradient in Mortality from MS 

100% 

  MS 35 



Vitamin D Intake (>400IU/D)  

 Inversely Related To MS 

                 In Women 

41% 



Vitamin D Intake (>400IU/D)  

 Inversely Related To RA 

                 In Women 

44% 



OSTEOARTHRITIS 



Beneficial effects of UV radiation 

on diseases other than cancer 

Asta Juzeniene 



334 



 Quality Heath Care Worldwide 

ABBOTT 

RENAL GLOBAL  

Development 

335 

              Vitamin D deficiency in humans 

              is associated with heart failure. 



Holick 

What are the 

Mechanisms 

????????? 

 



RXR 

DNA binding 

RNA Pol II 

CoReg 

VDR 

VDR 

B 

VDRE 

RNA Pol II 

Suppression of Renin  

Transcription by VDR 

Activation 

VDR RXR 

↓ Renin 

Blood  

Pressure 

LVH 

Renin 
TGACCT TGACCT 

Atherosclerosis, 

Inflammation,  

oxidative stress 

> 200  

Genes in 

Heart &  

Vessels 

RXR 



First MI >50% Increase  

Associated 

With Vitamin D Deficiency 



All Cause Mortality 

Decreased 25% 

Optimal 25(OH)D> 30 ng/ml  

Optimal 

25(OH)D> 30 

ng/ml  



Is there any evidence 

That vitamin D 

Can Have 

Non-Calcemic 

 Health Benefits 

In light of the 

VITAL Study 

?????? 

Holick 

What Else 

Do you Have 

???????  

Cliff Rosen 



Specific attributes of the VITAL trial design that are relevant t 

 15,787 had blood samples available for analysis 

 The mean (±SD) serum total 25-hydroxyvitamin D level at 

baseline was  

       30.8±10.0 ng/mL 

       Males 28.7 ng/mL        Females 30 ng/mL 

 12.7% had levels below 20 ng/mL (50 nmol/L) 

  32.2% had levels from 20 to less than 30 ng/mL (50 to <75 

nmol/L). 

 

- By inference, 55.1% had “optimal 

levels” of 25-hydroxyvitamin D 



VITAL Study 

No benefit for 

Reducing 

Cancer or CVD 

Risk  

Joanne Manson 



There was a 25% 

Significant Decrease  

Cancer Mortality 

“Therefore, you may see a 

reduction in cancer death 

 but not see a reduction in 

the first diagnosis, which 

might take a much longer 

trial, 

” she said in a telephone 

interview. 



Is there any evidence 

That vitamin D 

Can improve  

Immune Health  

?????? 



Gene Expression 

With Vitamin D 



  

Influence of vitamin D status 

and vitamin D
3
 supplementation 

on genome wide expression of 

healthy adult white blood cells 

  

Chip Analysis 22,500 genes 

8 Adults 12 weeks Received 

400 or 2000 IU/d X12 wks 

Buffy Coat time 0 and 12 wks 



Before Vitamin D  

291 Genes 

After Vitamin D  

High Expression 

Lower Expression 

Low Expression 

Higher Expression 



>80 Pathways 

Influenced by  

Vitamin D Supplementation 

DNA Repair 

Apoptosis 

Oxidative Stress  

Metabolic Processes 

Anti-inflammatory 



Can you Dissociate 

Vitamin D’s Calcium 

Effect from 

Non-Calcium Effects? 

????? 



Dose dependent effect of Vitamin D on   

Calcium metabolism (PTH) and Immunity 

 

 

A) 600 IU/day for 6 months  

  
B)  4,000 IU/day for 6 months 

   
C)  10,000 IU/day for 6 months 

 

 

   



  

 

 

 

                             Vitamin D Dose 

 

 

600 

IU/D 

(N = 9) 

 

 

4000 

IU/D 

(N = 13) 

 

 

10,000 

IU/D 

(N=8) 

Sex (Women) 6 8 5 

Race (Non-White) 6 5 4 

Age (years) 26.3±2 25.3±2 26.1±2 

25(OH)D(ng/mL)before 

supplementation  

17.1±5.9 22.5±5.7 17.8±3.3 

25(OH)D(ng/mL)after 

supplementation 

24.3±4.1 39.7±3.8 78.6±13. 



PTH 

25(OH)D 



25(OH)D 

PTH 



25(OH)D 

PTH 



46 genes 

Up 

regulated 

80 genes 

Down 

regulated 

128 

Total genes 

Regulated 

600 IU 



157 genes 

Up 

regulated 

142 genes 

Down 

regulated 

309 

Total genes 

Regulated 

4,000 IU 



815 genes 

Up 

regulated 

1458 genes 

Down 

regulated 

2,273 

Total genes 

Regulated 

10,000 IU 

20 56 21 87 23 96 14 84 

25-Hydroxyvitamin D 

56 



Do you see  

What I See 

In this data 

That supports 

My Observations 

????? 



20 56 21 87 
23 96 14 84 

25-Hydroxyvitamin D 

56 



This demonstrates 

Even though 

Blood levels increased 

To the same degree 

Some had a robust 

Genomic response 

Others 

Had Weak Response 

   





126 

Total genes 

Regulated 

600 IU 
309 

Total genes 

Regulated 

4,000 IU 

2273 

Total genes 

Regulated 

10,000 IU 



247 upregulated genes after 10000 IU/day for 24 weeks 



The upregulated genes involved in below molecular network. 

This network includes 4 clusters that shows by 4 different colors.  

The key genes in these clusters are  HIST1H2B, JUN, NFKB, TNF, 

 IL8, HSPA8, EIF4A and PRS. Regulate cellular proliferation, 

inflammatory activity and immune function. 

The upregulated genes 

This network includes 4 clusters 

that shows by 4 different colors. 

The key genes in these clusters 

are  HIST1H2B, JUN, NFKB, TNF, 

IL8, HSPA8, EIF4A and PRS. That  

Control cellular proliferation, 

inflammatory activity and 

immune function 



45 downregulated genes after 10000 IU/day for 24 weeks. 



 The downregulated genes 

are involved in the below molecular network 

. The key genes in this network are 

 TLR1, CD180 and LRRN3.  

The down regulated genes are 

 involving in the pathways related to  

integral component of membrane  

(specially in immune system). 

 



With Vitamin D 



How much calcium do we need ?  

What about 
Maintaining serum 

Vitamin D levels 

Is there any 

Benefit 

??? 







Vitamin D3 

25(OH)D3 

1,25(OH)2D3 



Vitamin D3 





Vitamin D 

Improves longevity 

In 

Nematodes 

!!!!!!!! 







60,000 IU X 10 Days 

       (600,000IU) 



60,000 IU X10 days 

    (600,000 IU) 



With Vitamin D 



IS A DISEASE OF NEGLECT 

VITAMIN D  





THERE IS NOW 

A MOUNTAIN OF 

EVIDENCE LINKING 

VITAMIN D DEFICIENCY 

     WITH CANCER  

  RISK & MORTALITY 

AUTOIMMUNE DISEASES 

    TYPE 1 DIABETES 

     HYPERTENSION 

     TYPE 2 DIABETES 

                    !!!!!                             



Disease Burdon & Vitamin D Deficiency  

Type 2 Diabetes 

Low Birth Weight 

 Stunted Growth  

HBP 

Fracture  

Cancer  

Infectious Diseases  

Autoimmune Diseases  





How can we determine 

what the optimal 

25(OH)D Level should 

be 

Since there are so 

Many health 

benefits 

?????? 



OUR 25(OH)D 
40-50 ng/mL GOOD MUSCLE STRENGTH 

LOW CANCER RISK 

LOW RISK AUTOIMMUNE & 

HBP & CVD DISEASE 

 

 

I would have to take  
4000-5000 IU Daily 

To achieve that level 
!!!!!!!! 

 
 

Luxwolda et al Brit J Nutr 23,1:2012 





HOW MUCH  

VITAMIN D  

DO WE  

NEED 

 ???????     



 100 IU VITAMIN D3 

     RAISES 25(OH)D 

   BY ONLY       

1NG/ML 

. 



                 MOST  

CHILDREN & ADULTS         

HAVE 

       25(OH)D ~18 -25 ng/ml 
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Time (weeks) 

1     2     3     4     5     6    7     8     9    10   11   12 

32 

30 

28 

26 

24 

22 

20 

18 

1000 IU 

vitamin D/d  

Sufficient 

No one was sufficient 





Conquer 

Vitamin D 

Deficiency  



What is the 

 Best 
 Source of 
 Vitamin D 

?  



















HOLICK  

HOW DO YOU GET 

 THE MESSAGE OUT  

?????? 



MAY 04 



I DO NOT ADVOCATE 

TANNING !!!!!!!!!!!! 





407 

I should Avoid ALL 

Sunlight to Prevent 

Melanoma 

          !!!!!! 



408 

Did you Know 

Most Melanomas 

Occur on the 

Least Sun Exposed  Areas 

??????? 



409 

Occupational 

 sun exposure 

Decreases risk 

melanoma 





ANCESTORS APPRECIATION OF THE 
SUN FOR ITS LIFE GIVING BENEFITS 



UNENLIGHTENED DERMATOLOGISTS 
VIEW OF THE SUN’S EFFECT ON HEALTH 



ALWAYS WEAR 

A SUNSCREEN 

DERMATOLOGIST ADVISING ABOUT SUN EXPOSURE 











  NEVER BE  

   EXPOSED 

TO THE SUN  

!!!!!!!!!!!!!!!!!!! 



D-ficient 



Slip, Slap, Slop 

~ 40% Australians D-Ficient 



87% < 20 ng/ml 

87% Vitamin D Deficient 

end of Summer 

Australian dermatologist 



Holick 

What about skin 

cancer 

And  

Sun damage 

??????? 

 



Can you have your 

Cake  

and  

Eat it TOOOOOOOOO 

          ??????? 





Skin type 2 

Skin type 5 

~15 ng/mL 

~21 ng/mL 

~8 ng/mL 

~10 ng/mL 

6 wks UVR in UK Summer 



Before 

1 wk  exposure 

DNA Damage 

6 wk  exposure 

DNA Damage 

Type 2 Type 5 



   YOU CAN  

GET IT FROM 

      DIET !!! 



YOU CANNOT  

GET IT FROM 

      DIET  



What do I DO?????? 

 

THE PUBLIC NEEDS TO BE 

AWARE OF THE INSIDIOUS 

CONSEQUENCES OF  

VITAMIN D DEFICIENCY 

  



What is the 

 Best 
 Source of 
 Vitamin D 

?  



WHEN CAN YOU MAKE 

VITAMIN D ????  

 http://dminder.info 

How about an App??? 

http://dminder.info/


 

SPF 30 



+ 4000 IU Vitamin D3 

+ MTV=1000 IU 

+ 3 glasses milk = 300 IU 

My 25(OH)D = 62 ng/ml 

My Vitamin D Intake 

      ~6000 IU/Day 



Vitamin D  

Deficiency 

Is The 

Most COMMON 

Medical Condition 



VITAMIN D DEFICIENCY CAUSES CONSEQUENCES 

SUN SUNSCREEN 

MELANIN 

LATITUDE 

WINTER 

MALABSORPTION 

  Crohn’s  

  Whipple’s 

  Cystic Fibrosis 

  Celiac 

  Liver disease 

Hepatic Failure 

Renal  Failure 

Nephrotic syndrome 

Obesity 

MEDICATIONS  

Antiseizure 

Glucocorticoids 

Rifampin 

HAART 

 St John’s Wart 

Schizophrenia 

Depression 

FEV1 

Wheezing 

illnesses 

Muscle weakness 

Muscle aches 

Osteoporosis 

Osteomalacia 

Rickets 

Autoimmune 

 Type 1 Diabetes 

 MS 

 Crohn’s 

 RA 

AODM 

Syndrome X 

HBP 

CHD 

CANCER 

 Colon 

 Breast 

 Prostate 

 etc. 

INFECTIONS 

  URI 

  TB 

Osteoarthritis 

X 

Holick NEJM July 07 



There Is No 

Downside 

To 

Increasing 

Vitamin D 

Intake  !!!! 



We Need 

Sensible 

Sun  

& 

Supplement 

Recommendations 

You Do Not Need To  

Be A Genius To Know 

This is  

NOT 

HYPOTHESIS 



Do we need to 

Screen everyone 

For their  

25(OH)D levels 
??????????????? 



No !!!!!!! 

 

But Yes 

BMI>30 

Malabsorption 

Meds/AEs., Glc 

Sarcoidosis 



DrHolick.com 

 



Vitamin D 

Can help Improve 

Your Health 



DrHolick.com 
 http://dminder.info 

http://dminder.info/

