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Dr Holick
Receives support

From NIH
& 

UV Foundation

Copyright 2007, Michael F. Holick, mfholick@bu.edu



AND SUPPORT
FROM THE 

SUN
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How much calcium do we need ?Who is at 

Risk for 

Vitamin D 
Deficiency

???
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EVERYONE
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WHAT’S
THE BIG DEAL ABOUT

VITAMIN D 
DEFICIENCY

???????

GLOBAL WARMING !!!!!!!!
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RICKETS
OSTEOMALACIA

DM,MS,RA,    

HBP,CHD
INFECTIONS

CANCER

VITAMIN D DEFICIENCY
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OUR SKIN 
WAS DESIGNED 

TO MAKE
VITAMIN D
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1931 US GOVERNMENT
PROVIDED RECOMMENDATIONS
FOR SUN EXPOSURE
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Dermatology
Societies 

FOR 40 YEARS 
ARE YOU

SURE
?????
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WHAT WILL 
HAPPEN IF MY
CHILDREN GO 
OUT WITHOUT
SUNSCREEN ?
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CHILD ABUSE
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VITAMIN D
is

ESSENTIAL
FOR

BONE HEALTH
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Case #1 
• 7 month Old Female

• Muscle Weakness

• Tetanic seizures

• Serum calcium 4.2mg%•
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KIKI
Franklin ZOO

KIRMANI
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MY 
BONES               
HURT!!!!
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MY DAUGHTER 
NEEDS HELP
IMMEDIATELY    

!!!! 

Copyright 2007, Michael F. Holick, mfholick@bu.edu



WE NEED 
Dr. HOLICK
!!!!!!!!!!!!!!
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FINALLY
THEY GOT
Dr. Holick

!!!!!!!!!      

D-ficient
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5000 IU VITAMIN D3

I FEEL
GRRREAT

!!!!!!!!!      
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1st BIRTHDAY
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YES
!!!!!!!!

MOMMY
Will my 
GROWTH
Be STUNTED 
????     
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BOSTON MEDICAL CENTER
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THERE IS 
LITTLE VITAMIN D

BREAST MILK
~ 25 IU/L
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IS VITAMIN D DEFICIENCY
A COMMON PROBLEM
IN WOMEN OF COLOR

??????
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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
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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

RISK PREECLAMPSIA
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Poster title: Maternal Vitamin D Status and Cesarean Birth: Is There a Connection?
Session time: 4276.0: Tuesday, November 06, 2007: 4:30 PM-5:30 PM
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0      20     40     60     80
MOTHER’S 25(OH)D NG/ML

PROBABILITY C-SECTION

RISK C-SECTION
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JURASSIC SYNDROME

750,000 young at risk
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Case #2 
• 1 Year Old Female

• Muscle Weakness

• Boney Deformities

• Failure to Thrive 
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Diet 
• Lettuce
• Crickets

Dx ? 
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750,000 IMPORTED/YEAR
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OSTEOPOROSIS & OSTEOMALACIA

D-ficient
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AZZIE
Are you keeping
Up with the 
Literature ????
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VITAMIN D DEFICIENCY
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VitaminD
Deficient
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VITAMIN D DEFICIENCY
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VITAMIN D DEFICIENCY
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Osteomalacia 

RX 
Rickets 

?
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Even reptiles 
need sunlight for 
their Vitamin D
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We need Calcium 
& Vitamin D for 
Strong Bones & 

Teeth
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Vitamin D is 
Rare in Foods 
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UM,UM GOODUM,UM GOOD
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BUT I EAT 
FISH
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OILY FISH
SALMON

HOW MUCH
?????
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5-7 TIMES/WEEK

500-1000 IU/3.5 oz
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100 IU/ 8 OZ
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100 IU/ 8 OZ
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Sunlight makes 
us feel good !
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Seasonal Effect on Cutaneous Vitamin D 
Synthesis in Boston
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CAN YOU MAKE ANY
??????
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NOT IN THE 
WINTER
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CANNOT
MAKE

VITAMIN D
IN

WINTER
ABOVE
35 N 
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Medical Student with SunscreenMedical Student with Sunscreen
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Without Sunscreen

With Sunscreen

SPF15   99%
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90-95% of our 
Vitamin D comes 
from Exposure 

to Sunlight
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HOW MUCH

SUN
EXPOSURE
????????????

Copyright 2007, Michael F. Holick, mfholick@bu.edu



Copyright 2007, Michael F. Holick, mfholick@bu.edu



Copyright 2007, Michael F. Holick, mfholick@bu.edu



Copyright 2007, Michael F. Holick, mfholick@bu.edu



Total Body 
Irradiation1X1X

ORAL
VITAMIN D
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Exposure to

1 Minimum Erythemal

Dose
~20,000 IU Vitamin D3

(AI =200-600 IU)
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Does Sunlight Really
Provide us with Vitamin D

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

SUMMER
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Recommendation in 
Boston 

5 to 15 
Minutes 
Sunlight 
2-3X/wk LEGS 

ARMS 
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Does skin pigment affect 
vitamin D synthesis ?
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Am I at risk for 
Vitamin D 

deficiency ??
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30-50% 
AFRICAN AMERICANS

VITAMIN D DEFICIENT
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HOW DO YOU KNOW
WHAT YOUR VITAMIN D

STATUS IS ??????????
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Excess

Normal

Deficient

55 ng/ml

10 ng/ml

25(OH)D
H

N

L
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55 ng/ml

25(OH)D in Lifeguards

100 
ng/ml

H
60 ng/ml
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Normal
Deficient10 ng/ml

25(OH)D

L
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25(OH)D Is Essential for Calcium Absorption25(OH)D Is Essential for Calcium Absorption

Adapted from Heaney RP. Am J Clin Nutr. 2004;80(suppl):1706S–1709S. Reproduced with permission form The American Journal of Clinical Nutrition.

Calcium Absorption Plateaus at Serum 25(OH)D 
Levels ≥32 ng/mL

0 4024168 645648

Serum 25(OH)D, ng/mL
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Bischoff HA et al. J Bone Miner Res. 2003;18:343–351.
Heaney RP et al. J Am Coll Nutr. 2003;22:142–146.

Barger-Lux MJ et al. J Clin Endocrinol Metab. 2002;87:4952–
4956.
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Excess
Normal

20-100 ng/ml

Deficient

>100 ng/ml

<20 ng/ml

25(OH)D

Ideal
30-60 ng/ml
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Vitamin D Intake Did Not Reach 400 IU/day for Women Vitamin D Intake Did Not Reach 400 IU/day for Women 
50 Years and Older, Even With Supplementation50 Years and Older, Even With Supplementation

1.  Calvo MS et al. Am J Clin Nutr. 2004;80(suppl):1710S–1716S.
2.  National Osteoporosis Foundation. National Osteoporosis Foundation’s Updated Recommendations for Calcium and Vitamin D3 Intake. 

Available at: http://www.nof.org/prevention/calcium_and_VitmaminD.htm. Accessed April 24, 2007.
3. Institute of Medicine of the National Academies. Dietary reference intakes (DRIs): recommended intakes for individuals. 

Available at: http://www.iom.edu/?id=21381. Accessed April 24, 2007.

NHANES = National Health and Nutrition Examination Survey.

NHANES III Population1
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NOF recommended

intake  vitamin D

50 years and older

is 800 to 1000 IU/day2

Food only

Food + supplements
White African 
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intake vitamin D

51 to 70 years 
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AI for Vitamin D 

0-50 yrs 

50-70 yrs 

70+ yrs 

200 IU 

400 IU 

600 IU 

TOTALLY INADEQUATE
NEED 1000 IU/D
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Is Vitamin D
Deficiency

a Health Problem
for

adults 50+ yrs
?????

Copyright 2007, Michael F. Holick, mfholick@bu.edu



0

40

20

60

80

%
 o

f v
ol

un
te

er
s <

 2
0 

ng
/m

l 2
5(

O
H

)D

Percent ADULTS>50 YRS who were vitamin D 
Deficient <20 ng/ml in August

White

30%

Black

84%

Hispanic

42%
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Sunlight Deprivation > 65 years

25(OH)D < 10 ng/ml

In

54% community dwellers

38% nursing home

Gloth et al JAMA, 1995
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Vitamin D Deficiency
Is an

unrecognized
epidemic

in
adults 50+ yrs
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CDC 
42%

AFRICAN AMERICAN WOMEN
IN US AGES 15-49Y <15NG/ML

VITAMIN D DEFICIENT
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37%

BMC MEDICAL  STUDENTS
AND RESIDENTS 18-29 y

?????????????????????????????
VITAMIN D INSUFFICIENT

????% 
VITAMIN D

INSUFFICIENT
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% VITAMIN D INSUFFICIENT <20ng/ml
BMC RESIDENTS & STUDENTS

32% END WINTER

Tangpricha et al Am J Med 2002

4% END SUMMER
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ARE WE AT RISK FOR VITAMIN D DEFICIENCY ???

BANGOR MAINE
Copyright 2007, Michael F. Holick, mfholick@bu.edu



0

20

40

60

80

100

120

Sep-00 Mar-01 Sep-01 Mar-02 Sep-02 Mar-03

Date

25
(O

H
)D

 (n
m

ol
/L

)

0 
   

   
  1

0 
   

   
 2

0 
   

   
30

   
   

 4
0 

   

48% D-DEFICIENT
<20 ng/ml

END OF WINTER

MAINE GIRLS AGES 9-11

SULLIVAN,ROSEN,HOLICK

25
(O

H
)D

 N
G

/M
L

Copyright 2007, Michael F. Holick, mfholick@bu.edu



WHAT ABOUT 
END OF SUMMER

????????

I ALWAYS 
WEAR 

SUNSCREEN
????????
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17% D-DEFICIENT
<20 ng/ml

END OF SUMMER

MAINE GIRLS AGES 9-11
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52% D-deficient

<20 ng/ml
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Subclinical
Vitamin D Deficiency

CAUSES DEFECTS
IN BONE 

MINERALIZATION
OSTEOMALACIA 
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Symptoms
• Generalized bone pain

• Muscle aches

• Isolated bone pain
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40-60% OSTEOMALACIA
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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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DID YOU KNOW
VDR IS IN

SKELETAL MUSCLE
!!!
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VITAMIN D IS 
GOOD FOR

MUSCLE STRENGTH
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WHITE

Mex Am

BLACK

~20-40 ng/ml
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HOW MANY???

1,2,4,10,20????????

400 IU TOO MUCH
VITAMIN A
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DO YOU PURCHASE
GALLON OF GAS ???
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TREAT VITAMIN D DEFICIENCY

50,000 IU VITAMIN D2

ONCE/WEEK

8 WEEKS
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MAINTAIN VITAMIN D SUFFICIENCY

50,000 IU VITAMIN D

ONCE/ 2WEEKS
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DID YOU KNOW 
VITAMIN D2 is

30% as EFFECTIVE 
As VITAMIN D3

!!!!!!!!

Heaney et al 2005
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VITAMIN D2 vs. VITAMIN D3

• 4,000 IU/d either D2
or D3 IN ETOH

• 14 days

D3 D2

∆  
2

5
(O

H
)D

 (
n

m
o

l/
L
)

0

5

10

15

20

25

• values adjusted for 
change in untreated 
group

• [after Trang et al. 
AJCN; 68:854–8 
(1998)]

~2x
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R2D2

IS D3
REALLY 

MORE 
EFFECTIVE

THAN D2
????                 

C3PO
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YES !!!!
DESPITE BEING 

ON AN TC MVT
IS VITAMIND2

REALLY BETTER 
THAN VITAMIN D3

??????
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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

!!!!!!!!
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YES !!!!
DESPITE BEING 

ON AN TC MVTVITAMIN D3
REALLY IS NO BETTER 

THAN VITAMIN D2
??????

BUSTED
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WILL YOU BECOME 
VITAMIN D

INTOXICATED
????
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CU               ORC

SAFETY AT HIGH DOSES

• 33 males

• aged 38.7 yr
(± 11.2 )

• dosed with 
vit D3 from 
October thru 
February

• 5,000 & 10,000 
IU/d

Pre Post

SE
RU

M
 C

AL
CI

UM
 (m

g/
dL

)

8.0

8.5

9.0

9.5

10.0

10.5

11.0

Vieth et al 1998
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Vitamin D Intoxication Occurred at Doses Over Vitamin D Intoxication Occurred at Doses Over 
10,000 IU Daily: Survey of 37 Clinical Studies10,000 IU Daily: Survey of 37 Clinical Studies

100 1000 1,000,00010,000 100,000

Vitamin D Intake, IU/day

200
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800

0
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ru

m
 2
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L

Group means from 
37 studies

Values for 
individuals
with vitamin D 
intoxication

Vieth R et al. Am J Clin Nutr. 1999;69:842–856. Reproduced with permission from The American Journal of Clinical Nutrition.

Serum 25(OH)D levels were maintained between 30 and 
88 ng/mL at vitamin D intakes from 800 to 10,000 IU/day

10,000 IU
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IT IS 
DIFFICULT

TO BECOME
VITAMIN D

INTOXICATED
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WHO IS AT 
RISK FOR 
VITAMIN D
DEFICIENCY
????????
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How much calcium 
do we need ?

EVERYONE

!!!!!!!!!!!!!!!
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WHY SHOULD
I CARE ??????
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Skin

1,25(OH)2D3

25(OH)D3

Liver
25-OHase

Kidney
1α-OHase
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VDR

VDR

VDR

VDR

VDR VDR

VDR

VDR

VDR
VDR

VDR
VDR

VDRVDR

VDR

VDR
EVERY TISSUE AND CELL HAS A VDR
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Colon Cancer Mortality Rates
1970-80 in White Females

Highest 10% for Colon Cancer Mortality

Garland & Garland.  Intern J Epid. 1980
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50% PROJECTED REDUCTION
COLON CANCER  WITH 1000 IU/D
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50% LOWER RISK
25(OH)D = 48 ng/ml
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<12 ng/ml

253% 

INVASIVE COLORECTAL
CANCER
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Lappe et al AJCN 2007

60%
LESS

CANCERS1179 PM WOMEN
1200MG Ca +- D3
ALL CANCERS

YEARS 0-4

1100 IU D3
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1-OHase

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

Autocrine Regulation of 
Cell Growth

Control of cell growth

CALCITROIC 
ACID

INACTIVE

~ 200 GENES 
AFFECTED
BY 1,25(OH)2D
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WHAT IS              
THE EFFECT OF
VITAMIN D ON

THE 
IMMUNE SYSTEM

????????
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ACTIVATED MACROPHAGES

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

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

Adams et al  JCEM 1987
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25(OH)D

1,25(OH)2D

Death

19
KD

a

Cathelicidin
mRNA

TB

1-OHase 
mRNA1-OHase 

Cathelicidin

TLR2/1
MACROPHAGE

Liu et al Science 2006
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Local production 
1,25(OH)2D 
Initiates 
INNATE IMMUNITY
Against TB and 
other INFECTIVES
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Hypponen et al. Lancet 2001
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Hypponen et al. Lancet 2001
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WHAT IS THE
EVIDENCE

&
MECHANISM
????????
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Beta-ISLET CELL
1,25(OH)D3

VDR +VDR +

INSULIN
+

METABOLIC SYNDROME 
& TYPE 2 DIABETES
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Ca
<500 mg

> 1200 mg
< 400 IU

> 800 IU

D D
+

Ca

0.67

R
R

 T
yp

e 
2 

D
M R

R 33% 

Ca > 1200 MG
+

VIT D > 800 IU
Pittas et al JCEM 07
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ALL CAUSE MORTALITY
DECREASED 7%
ON 528 IU VITAMIN D
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North-South Gradient in Mortality from MS

100%
MS

37

Copyright 2007, Michael F. Holick, mfholick@bu.edu



VITAMIN D INTAKE (>400IU/D) 
INVERSELY RELATED TO MS

IN WOMEN

41%
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VITAMIN D INTAKE (>400IU/D) 
INVERSELY RELATED TO RA

IN WOMEN

44%
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IS A DISEASE OF NEGLECT

VITAMIN D 
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THERE IS NOW
A MOUNTAIN OF
EVIDENCE LINKING
VITAMIN D DEFICIENCY

WITH CANCER 
RISK & MORTALITY

AUTOIMMUNE DISEASES
TYPE 1 DIABETES
HYPERTENSION
TYPE 2 DIABETES

!!!!!                    
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HOW MUCH 
VITAMIN D 

DO WE 
NEED

???????    
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100 IU VITAMIN D3
RAISES 25(OH)D

BY ONLY       

1NG/ML
.
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CHILDREN & ADULTS  
HAVE

25(OH)D ~18 -25 ng/ml
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YOU CAN 
GET IT FROM

DIET !!!
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ARE YOU ALWAYS 
INDOORS WORKING 

And
WEAR SUNSCREEN

ALL THE TIME
??????

ARE YOU VITAMIN D
DEFICIENT
????????
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WHAT IS YOUR 
25(OH)D LEVEL

????????
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What do I DO??????

THE PUBLIC NEEDS TO BE
AWARE OF THE INSIDIOUS

CONSEQUENCES OF 
VITAMIN D DEFICIENCY
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VITAMIN D 
DEFICIENCY

IS THE
MOST COMMON

MEDICAL 
CONDITION
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VITAMIN D DEFICIENCYCAUSES 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
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WE NEED
SENSIBLE

SUN 
&

VITAMIN D  
SUPPLEMENTATION
RECOMMENDATIONS 

!!!!!!!!

YOU DO NOT NEED TO 
BE A GENIUS TO KNOW
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