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Vitamin D Physiology
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Current Vitamin D Reqguirement
Adeguate Intakes in Australia

5.0 g/day (200 1U/d)
5.0 g/day (200 1U/d)
10.0 g/day (400 1U/d)
15.0 g/day (600 IU/d)

5.0 g/day (200 1U/d)
5.0 g/day (200 1U/d)
10.0 g/day (400 IU/d)
15.0 g/day (600 IU/d)

Al’s for adults of 200 to 600 IU per day are likely  to be too low,
particularly for “at-risk” groups (elderly, institut lonalized)

National Health and Medical Research Council 2006




Sources of Vitamin D

Diet is a poor source — average Australian dietary intake is low (<100
U/d)

Food supplementation with vitamin D is limited

Exposure to sunlight — a balance between adequate exposure to
Increase serum vitamin D or increasing risk of skin can cer is
required

Vitamin D supplements — 1000 IU (D) or cod liver oil capsules 400 -
800 IU (D, and vitamin A)

Higher dose vitamin D supplements not readily availa  ble in Austr alia
- tablets, liquid form (stability)




Vitamin D - Physiology

® PTH

— Secretion triggered by low Ca
* Bone osteoclasts release Ca (needs 1,25 Vit D)
e — la-hydroxylation of Vitamin D kidney
o - PO4 excretion, Ca, Mg excretion

® 1.25 Vitamin D

— Jla-hydroxylation triggered by low Ca, low PO4, high PTH
« — Ca and PO4 absorption gut
» — bone dissolution and mineralisation

« — PTH




The following is a sampler of the three styles we offer:
Culotte Swimmer, Skirted Swimmer, and Slimming
Swimmer. Select a style below for more infermation.

Vitamin D - Sources [Eoe

® Most Vitamin D synthesised in skin
— UVB 290-315 nm
— Shorter wavelength, scatter
— Little UVB early or late in day
— BCC and melanoma related to UVA
— SCC and actinic keratosis related to UVB

— Melanin protects against skin cancer and stops
UVB

— 1 MED In bathers = ~ 15,000 - 20,000 IU vitamin D




Vitamin D in Dark Skin

® ? Caucasians, 3 African American volunteers
e 1 MED Caucasians, 60 fold increase serum Vitamin D

» Re-exposure 1 AAto 6 x UV dose led to similar
Increase

® Surgical skin specimens exposed to UV (equator)

» Longer time to (same) maximal level
* 0.5-0.75 h for type Ill a, 3 -3.5 h for type VI

® 31 medical students in winter, Philadelphia
« 8 white (II/111), 8 black (VI1), 8 Asian (lII/1V), 7 Indian (V)
 Whole body single sub -MED dose for whites




Vitamin D Physiology

MED (minimal erythematous dose)

® 1/3 MED most days hands, arms, face to make 1,000 U

— Dec-Jan, 10am or 2pm, Melbo =6 - 8 min
— July -August, 10am or 2pm, Melb =32 - 52 min (25 at 12)

Sunscreens marked  Vitamin D formation in skin




Vitamin D Deficiency iIs Common Even In
Sunny Australia

Men and women in Tasmania (mean age 43 yrs)
Women in Geelong (20 -92yo0)

Men and women (17 -65 yo) in SE Queensland

Women in Hostels (WA, NSW, Vic)

Women in Nursing homes (WA, NSW, Vic)

Geriatric inpatients Southern Tasmania42 ° S

Women with naturally pigmented skin (esp. veiled)

Mothers of infants with rickets (particularly dark ski
women - foetal vitamin D only from mother)

47%

30.0% summer
43.2% winter

23.4%

22%
(<25 nmol/l)
45%
(<25 nmol/l)

89%
(<42 nmol/l)

93%

nned and v eiled

80%




Prevalence of Vitamin D Deficiency on

Cloudless Day by Month of Year in Australia

SE Queensland Geelong, Vic Tasmania
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In Australia, season is more important than latitude In determin ing
vitamin D concentrations, but both accounted for < 2 0% of variab ility

Behavioural factors are important in determining vitamin D
van der Mei IAF et al, Environ Health Perspect 115: 1132-39, 2007




Suburban Clustering of Vitamin D Deficiency

In Melbourne

® 2,690 women attending Royal Women ’'s Hospital

® \Women from all suburbs with moderate vitamin D

deficiency were young (29 yrs)

® Odds of vitamin D deficiency were highest in inner
suburbs and Greenvale, Coburg, Pascoe Vale South,

Fawkner, Broadmeadows and Campbellfield

Erbas B et al, Asia Pac J Clin Nutr 17: 63 -67, 2008




Launched by Minister For Ageing
April 26 2006 - Sydney

Sunlight Exposure Guidelines
developed by OA Iin conjunction
with Cancer Councils of Australia,

ANZBMS & ESA







Vitamin D Supplements




Vitamin D - Facts and Figures

® Vitamin D

Average Australian diet intake
80-120 |U/d

— Formula =40 -53 IU per 100 ml
— Breast milk = 2.5 IU per 100 ml|

— Physical O milk = 20 IU per 100 ml
(50 IU/cup)

— Very little in other foods




Vitamin D and Calcium Supplements

Recommended daily vitamin D ; dose: at least 800 1U/d

® Ostevite D or Blackmores Vitamin D 1000 IU (), Ostelin 1000 IU (D)
+ 600 mg Ca
+ 315 mg Ca

Osteoporosis - Prevention, Diagnosis and Treatment - NHMRC/RACGP Guidelines (Draft April 2008)

®Vitamin D ; supplement recommended (not
vitamin D ,)

®Higher dose (>1000 |U) vitamin D
supplements not available in Australia







High -Dose Oral Vitamin D

50,000 IU tablets are cheap ($2)

Available in New Zealand

Available in Australia only under TGA Special Acces s Scheme or S ection 19
(5)

Optimal dosing uncertain - loading dose vs monthly dosing, depends on

baseline level
Target populations at risk

NHMRC study of high -dose vitamin D and fractures by University of
Melbourne in Geelong (VITAL -D)




Problems with TGA Section 19(5)

® Authorised prescriber completes form and submits it to TGA and

notifies HREC/College

® \Written endorsement from Human Research Ethics Committ ee or

relevant specialist College

® Six-monthly reports for supply of cholecalciferol - number of

patients commencing drug, number of patients continui ng drug




High -dose Oral Vitamin D

50,000 IU per day
cholecalciferol for 10 d

Incr of 30 nmol/L

300,000 IU single oral
dose of cholecalciferol

Incr of 62 nmol/L at 13 -
21 wks

Wu F et al, NZJM 116 2003




Treating Vitamin D Deficiency in Adults

e Most patients will need between 1,000 to 2,000 IU a
day as a rough guide

* Pregnancy: 1,000 IU a day then high dosage post
partum. Do not use preparations containing Vitamin
A which may lead to foetal toxicity

o Toxicity: It Is not recommended to prescribe more
than 600,000 IU in a single dose

e Calcium: A calcium intake of 1200 mg per day is
also recommended




Treating Vitamin D Deficiency in Adults

ADULT
Vitamin D level
nmol/L

High dosage
vitamin D
required?

ADULT Loading
dose required?

ADULT Dose
vitamin D

ADULT Testing
regimen

ADULT
Clinical notes

INSUFFICIENCY
50-75

NO

NO

400-1000 U/
day

Recheck vitamin D
level

at 3 mths then every 11

mths

Aim for target
of 75 nmol/L

MILD
25-50

50,000 U/ mth

Recheck vitamin D
level

at 3 mths then every 11

mths

Aim for target
of 75 nmol/L

MOD
12.5-25

YES, 1 tab a day
for 10 days (total
500,000 IV)

50,000 1U/ mth

Recheck vitamin D
level

at 3 mths then every 11

mths

Aim for target
of 75 nmol/L

SEVERE
<125

YES, 1 tab a day
for 10 days (total
500,000 I1V)

50,000 1U/ mth

Recheck vitamin D
level

at 3 mths then every 11

mths

Aim for target
of 75 nmol/L




Vitamin D Working Group with DHS

Improve access for prescribing of high  -dose vitamin D
DHS initiative to reduce cost
“Built environments ” working group

Public education working group

A “white knight ” is needed to submit application for high  -dose

cholecalciferol to TGA and PBS listing




Vitamin D in Preghancy




Pregnancy: Local Guidelines




AAP US Guidelines for
Pregnancy (Nov 2008)

® Maternal levels correlate with fetal levels

® Supplementation
— 400 IU/day 3" T has minimal effect

— Need doses > 1,000 IU/d to achieve > 50 nmol/L
(in mother)

— Aim for levels > 80 nmol/L with up to 2000 IU/d

— 1,000-2,000 IU/day post natal have little effect
on infant Vit D
e S0 supplement infant
 Pilot studies 6,000 IU/day (Mo)




Vitamin D Treatment and
Primary Fracture Prevention




Vitamin D + Ca In Institutionalised Elderly

3270 women, mean age 84, living in nursing homes,
randomised to 1.2g Ca + 800 IU Vit D or placebo for 18 mths

mVitD + Ca
Placebo

All Nonvertebral Hip

Chapuy et al, NEJM, 1992




Meta-Analyses




Effects of Vitamin D on Fractures
Importance of Vitamin D Dose

Effects on Hip and Non -vertebral Fracture

400 IU/d
dose

700 - 800 1U/d ' 700 - 800 1U/d
. 400 1U/d
dose

RR 26% RR 23%

Bischoff-Ferrari al. Am J Clin Nutr 2006




Meta-analysis

Tang BM et al 2007 Lancet 370:657




Effect of compliance

Tang BM et al 2007 Lancet 370:657




Calcium or calcium + vitamin D was associated with:

Reduced bone loss (hip 0.54%; spine 1.19%)

Higher compliance was associated with a greater risk

reduction

— 24% risk reduction in trials with >80% compliance

Those with low serum 25(OH)D (<25 nmol/L) had a greater
risk reduction compared to those with normal 25(OH)D

Treatment effect was best with calcium doses of 1200 mg/d
or more, or vitamin D doses of 800 |U/d or more

Tang BM et al. Lancet 2007



Vitamin D Treatment and Falls
Prevention




Effect of Vitamin D on Body Sway & Falls

8 weeks of Ca alone or Ca + 800 IU D in 148 women wi th 250HD < 50nmol/I

25(0OH)D Sway Falls/subject

50
mm

40 . :
30 I :
20 :

0 :

Pfeifer et al, JIBMR, 2000

Blcaaone [ Ca+D




Vitamin D Reduces Falls

® Meta-analysis showed that vitamin D
supplementation reduces falls by 22% in
ambulatory or institutionalised elderly
iIndividuals

® 15 patients would need to be treated with
vitamin D to prevent one fall

Bischoff -Ferrari HA et al., JAMA 2004




Effects of Vitamin D + Calcium on the Risk
of Falls in Elderly Australian Women

Vitamin D , (1000 IU/d) + Calcium Citrate (1000 mg/d) vs Calci um for 1 year

Inclusion criteria: =~ Women aged 70-90 years; a history of falling in the past 12 months
and a serum 25(OH)D <60 nmol/L.

Prince R et al. Arch Int Med 2008




Vitamin D Deficiency in Pregnancy Predicts

Bone Mass in Offspring at Age 9

*\Whole body BMC and bone area was related to cord blood Ca
*Children from vitamin D deficient mothers had 11% low er BMC at age 9

Javaid MK et al, Lancet, 367 36 -43, 2006




Other Diseases Associated
with Vitamin D Deficiency




Low Vitamin D and Other Diseases

® Autoimmune diseases — multiple sclerosis,
type 1 diabetes mellitus, rheumatoid arthritis,
Crohn’s disease

® Osteoarthritis
® Hypertension, vascular disease

® Type 2 diabetes

® Overall mortality

® |nfectious diseases - common cold, influenza,
tuberculosis

® Cancer




Infectious Diseases




Infectious Diseases - Colds




Infectious Diseases - Epidemic Influenza

® Influenza outbreaks were inversely correlated

with solar UVB

® Epidemic influenza is seasonal in part due to

seasonal variations of solar UVB and vitamin D

Hope-Simpson RE. J Hyg (Lond). 1981; 8:35 -47
Cannell JJ, et al. Epidemiol Infect. 2006; 134:1129 -40




Tuberculosis - The Magic Mountain

Hotel Schatzalp lies 300 metres above Davos
www.readliterature.com

Disease was a perverse, a dissolute form of life
Hans Castorp’s conclusion of his extensive research into the matter and meaning of life
Thomas Mann (1875 —1955)




Relationship of 25(OH)D and Activation of
Latent Tuberculosis

Refugee Health Group - Melbourne Health




Relationship of 25(OH)D and Activation
of Latent Tuberculosis (n=155)

® Serum 25(OH)D lower in those with no TB (55 nmol/L)
latent TB (37 nmol/L) & TB/pastTB (16 nmol/L) p<0.0 1

Gibney K et al, Clin Inf Disease 2008




Vitamin D Anti -microbial Activity

Endogenous Anti -microbial Peptides

Cathelicidin
Gene
Activation

25(0OH)D '

1,25-(0OH),D

VICHORES




Vitamin D and TB

Vitamin D has anti -microbial activity
Main mode of action is activation of the defensin g ene

Cathelicidin, LL -37, is an antimicrobial peptide (AMP)

with potent antiendotoxin activities

Strong evidence LL -37 can fight bacterial infections and

growing evidence it can fight viral infections

Vitamin D also favors the T 2 immune response and

Increases macrophage and monocyte production

Mookherjee N, et al. Expert Opin Ther Targets 2007




Pilot Study of Vitamin D in TB

® |s one high dose of vitamin D (500,000 IU) effectiv. e in
achieving and maintaining optimal 25(OH)D levels

(above 75 nmol/L) for 6 mths?

® Can this dose be administered safely without causin g
side effects (high serum or urine calcium) in 20 ad  ult
patients with latent tuberculosis from Sudan and Bu rma

recruited from Western and RMH Hospitals?




Single Dose of 500,000 IU Vitamin D3 in Patients wi th
Vitamin D Deficiency and Latent TB

Increase of 50 nmol /L at 6 mths

Jeyakumaran T, AMS Thesis,
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Vitamin D and Cancer

Apperly first demonstrated an association between
latitude and cancer mortality in 1941

Cancers assoclated with low vitamin D include:

®Breast and Ovarian Cancer
®*Prostate Cancer

®*Digestive system cancer, including Colon Cancer




Vitamin D and Calcium Supplementation
Reduces Cancer Risk

® A 4-yr prospective, placebo -controlled study of

1100 IU vitamin D ; and/or 1400 mg calcium and

cancer risk in 1179 post -menopausal women
® Serum 25(OH)D rose from 71.8 to 96.0 nmol/L

® The all-cancer incidence for women over the age
of 55 years at time of enrollment was reduced by
60% (p=0.01)

Lappe JM et al. Am J Clin Nutr 2007 85: 1586 -91




Vitamin D Deficiency is Associated with Increased

Risk of Breast Cancer Recurrence and Death

512 women (mean age 50 yrs) with early stage breastca ncer
After 11 yrs, 85% of women with sufficient levels su rvived

compared with 74% of deficient women

After 10 yrs, women with deficient levels were 94% m  ore likely t o

have distant metastases _
Goodwin P et al. ASCO (abstract) 2008




Vitamin D and Mortality Rates

The risk of dying from any cause in subjects who
participated in randomized trials of vitamin D
supplementation

18 independent randomized, controlled trials,
iIncluding 57,311 participants

4777 deaths from any cause occurred

Mean daily vitamin D dose was 528 IU, 5.7 year
average follow -up

The relative risk for mortality from any cause was
(95% CI, 0.87-0.99)

Autier P, Gandini S Arch Intern Med 2007 167(16):1 730-7




Cardiovascular Disease

® A graded increase in cardiovascular risk across
categories of serum 25(OH)D, with hazard ratios of  1.53

for levels 25 to 38 nmol/L and 1.8 for levels <25 nmol/L

® Highest risk was in those with hypertension and vit amin

D deficiency

Wang TJ et al, Circulation 2008;117: 503 -11




Type 2 Diabetes Mellitus and
Obesity




Vitamin D and Obesity

® Obese subjects vs. normal weight controls have
— Lower serum 250HD levels

— Higher PTH and inconsistent results for 1,25(0OH) ,
vitamin D

Liel et al, Calcif Tissue Int, 1988

® Two possible explanations
— Less sunlight exposure

— Decreased bioavailability of vitamin D due to
sequestration in adipose tissue

Wortsman et al, Am J Clin Nutr, 2000




Inverse Relationship between Vitamin D and
Morning Blood Glucose Levels in 1,614 Men and

Lu ZX et al, unpublished data




Effects of Vitamin D and Calcium on Insulin Sensiti Vity

B 1,25(0OH), vitamin D sites of action

Calcium sites of action _ _
Harrison 's On-line




Effects of Vitamin D and Calcium on Insulin

Sensitivity - AiIms

® To evaluate, in overweight / obese vitamin D  -deficient
iIndividuals at high risk of type 2 diabetes, the ef  fects of
adequate vitamin D and calcium supplementation on:

— Glucose homeostasis (insulin secretion, insulin
resistance and b-cell function)

— Cardiovascular risk factors
» Markers of inflammation (hs -CRP, fibrinogen, IL -6, TNF-a)
* Blood pressure
e Lipids




Effects of Vitamin D and Calcium on Insulin
Sensitivity

Randomisation*

Vitamin D5 2000 1U/d +
Calcium Carbonate 1200
mg/d
Entire Group (n=40)
(n=80)

* Randomisation in block and Stratification according to sex, age (< or >50 yo)
and BMI (< or >30 kg/m?)

T If 250HD < 75 nmol/L




Australians Who Would Benefit From High  -Dose Vitamin D

Older people aged > 65 years (increased risk of osteoporo  sis)
Women and men > age 50 years with minimal trauma frac  tures
People with naturally dark skin (Fitzpatrick skin typ e 5or6)
People who cover their skin for cultural reasons

Institutionalised or housebound individuals

People at increased risk of skin cancer, including th ose with a past

or family history of skin cancer, or organ transplantat ilon

Babies and infants of vitamin D deficient mothers, e specially br east

fed infants




Vitamin D and Public Health

® Future research will need to involve strong collabo rations
between endocrinologists, oncologists, dermatologis ts,
Infectious diseases physicians and epidemiologists In

large scale trials with several end -points

® The outcomes will be important and are likely to be benefit

all Australians




For nothing worthy proving can be proven,
Nor yet disproven: wherefore thou be wise,

Cleave ever to the sunnier side of doubt

Alfred, Lord Tennyson 1885




