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Prevalence of Inadequate Vitamin D
 50-60% of the older population in the world 

do not have satisfactory vitamin D status
 Urbanization
 Decreased outdoor activities
 Air pollution and global dimming
 Age-related decreases in cutaneous vitamin D 

production
 Dietary sources of vitamin D are generally too 

insignificant 
 Dobnig H, et al.  2008.  Independent association of low serum 25-

hydroxyvitamin D and 1, 25-dihydroxyvitamin D levels with all-cause 
cardiovascular mortality.  Arch Int Med 268(12):1390.
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Why are we talking about vitamin D?  Doesn’t everyone get enough vitamin D from skin synthesis?From fortified milk?From supplements?Actually, we are in a worldwide epidemic of vitamin D insufficiency and deficiency



Prevalence of Inadequate Vitamin D
 36% of otherwise healthy young adults
 Pregnant women  and neonates
 90% taking prenatal vitamins
 54% pregnant black women and 46% black 

neonates
 42% pregnant white women and 56% white 

neonates
 Bodnar, L. M., H. N. Simhan, et al. (2007). "High prevalence of vitamin 

D insufficiency in black and white pregnant women residing in the 
northern United States and their neonates." J Nutr 137(2): 447-52.

 up to 57% of general medicine inpatients in the 
United States 
 Holick, M. F. (2006). "High prevalence of vitamin D inadequacy and implications for 

health." Mayo Clin Proc 81(3): 353-73.
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Proposed ranges of 25(OH)D3 
 Proposed ranges: 

 Severely deficient
< 10 ng/mL

 Deficient 
< 30 ng/mL

 Suboptimal 
(insufficiency)
30–50 ng/mL

 Optimal 
50–80 ng/mL

 Excess – > 100 ng/mL

 Nefrologia 2003;23 Suppl
2:73-7. 
 >40 desirable
 20-40: hypovitaminosis

D
 10-20: insufficiency
 <10  deficiency

 Other studies
 <20 ng/ml:  deficient
 20-30 (to 35) ng/ml:  

insufficient
 >30 (to 35):  sufficient
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There is a large difference between studies in terms of what is termed deficient and insufficient.  So, one needs to check the actual levels when looking at a study.  Nefrologia [Review of the concept of vitamin D "sufficiency and insufficiency"]



Disorders produced or aggravated by 
low 25(OH) vitamin D status
Heaney, Robert P.  2008.  Vitamin D in Health and Disease.  Clin J Am Soc Nephrol 3:1535-1541.

Disorder Strength of Evidence

Osteoporosis ++++

Falls ++++

Type 1 DM ++

Cancer ++++

Autoimmune diseases ++

Hypertension +++

Periodontal disease ++++

Multiple sclerosis ++

Susceptibility/poor response to 
infection

++++

Osteoarthritis ++
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What is Vitamin D?  Cast of players
• Cholesterol: Sunlight breaks the 9-10 bond to produce
• Cholecalciferol (D3), the naturally occurring form of 

Vitamin D in the skin and in food.  In the liver , a 
hydroxide molecule is added to produce:

• Calcidiol ( calcifediol or 25 hydroxy Vitamin D) is 
considered a “prehormone,” and calcidiol blood level 
is measured to assess Vitamin D stores in the body.
Hydroxylation yields: 
• in the kidneys, (endocrine)
• In the breast, prostate, ovary, pituitary, brain, etc (autocrine) 

• Calcitriol 1,25 hydroxy Vitamin D, which maintains 
calcium in the blood and has an array of effects in the 
body’s organs
• Calcitriol is marketed under various trade names including 

Rocaltrol (Roche), Calcijex (Abbott) and Decostriol (Mibe, 
Jesalis).

• Ergocalciferol (D2) is a form of Vitamin D used as a 
supplement, that is not as effective as Vit D3. 
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Cholecalciferol is synthesized in the skin from 7-dehydrocholesterol under the action of ultraviolet B light. It reaches an equilibrium after several minutes depending on several factors including conditions of sunlight (latitude, season, cloud cover, altitude), age of skin, and color of skin.Hydroxylation in the endoplasmic reticulum of liver hepatocytes of cholecalciferol to calcifediol (25-hydroxycholecalciferol) by 25-hydroxylase is loosely regulated, if at all, and blood levels of this molecule largely reflect the amount of vitamin D3 produced in the skin or the vitamin D2 or D3 ingested.Hydroxylation in the kidneys of calcifediol to calcitriol by 1-alpha-hydroxylase is tightly regulated (stimulated by either parathyroid hormone or hypophosphatemia) and serves as the major control point in production of the most active circulating hormone calcitriol (1,25-dihydroxyvitamin D3).
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Calcitriol, (D 1,25 dihydroxy Vitamin D) the most 
biologically active form of vitamin D does the following:

 Controls bone metabolism 
 Modulates neurotransmitter and neurological 

function
 Has immunoregulatory function and can decrease 

inflammation (Autoimmune disease such as 
multiple sclerosis)

 Modulates transcription of 200 genes, particularly 
those effecting differentiation and proliferation 
(Cancer mortality)
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Increases calcium and phosphorous absorption in the gutInduces osteoclast maturation for bone remodelingPromotes calcium deposition in bone (osteoblasts)Causes reduction in parathyroid hormone (lower PTH levels correlate with reduced risk of HTN, MI and stroke)Calcitriol is produced in the cells of the proximal tubule of the nephron in the kidneys by the action of the enzyme 25-hydroxyvitamin D3 1-alpha-hydroxylase which catalyzes the hydroxylation of 25-hydroxycholecalciferol (calcifediol).The production of calcitriol is stimulated by a decrease in serum calcium (hypocalcemia) and/or increase in serum phosphate (PO43−) (hyperphosphatemia), as well as an increase in parathyroid hormone (PTH). Calcitriol production is also increased by prolactin, a hormone which stimulates lactogenesis (the formation of breast milk), a process which requires large amounts of calcium.Calcitriol increases blood calcium levels by increasing absorption of calcium and phosphate from the gastrointestinal tract and increasing renal tubular absorption of calcium and phosphate. It can also increase blood calcium by acting in concert with, and facilitating the effect of PTH on bone resorption. Calcitriol also inhibits the release of calcitonin, a hormone which reduces blood calcium by counteracting the effects of PTH.Many of the effects of calcitriol are mediated by the calcitriol receptor.Calcitriol becomes calcitroic acid through the action of 24-hydroxylase. Calcitroic acid is excreted in the urine.Calcitriol is prescribed for:[1]Treatment of hypocalcaemia – hypoparathyroidism, osteomalacia (adults), rickets (infants, children), renal osteodystrophy, chronic renal dialysisTreatment of osteoporosisPrevention of corticosteroid-induced osteoporosisCalcitriol is also sometimes used topically in the treatment of psoriasis, however the evidence to support its efficacy is inconclusive.[2] The vitamin D analogue calcipotriol is more commonly used for psoriasis.If you have only a small amount of D in your body, it will all be used by the kidneys to produce calcitriol and maintain blood calcium levels. But when there is more vitamin D available, something very different happens. As scientists have discovered in recent decades, it’s not only the kidneys that can make calcitriol from the calcidiol produced in the liver. Many tissues throughout the body can as well. These tissues use the hormone locally, within the cells, to regulate their behaviour. “Calcidiol is like a blank piece of paper,” Vieth explains. “And calcitriol is like the message written on to it. Calcitriol is needed by our bodies to convey many kinds of messages, and virtually every cell in our body has a receptor that can read and respond to it.” The first real evidence for the cancer-fighting properties of vitamin D emerged in the early 1980s, when researchers found that if they added calcitriol to immature malignant leukaemia cells, the cells would stop growing. They could only guess why this was, but scientists have since shown that vitamin D interacts with an unusually large number of genes and has the apparent ability to turn them on and off.



A.  Old scheme.  B.  The current scheme, explicitly incorporating extra-renal 1 
alpha-hydroxylation, with the resulting calcitriol appearing mainly intracellularly, 
where it is clinically unmeasureable.  Heaney, Robert  P.  2008.  Vitamin D in 
Health and Disease.  Clin J Am Soc Nephrol 3:1535-1541.
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But calcitriol is not just produced by the kidney or liver.  The top figure shows our previous understanding of vitamin D turning into calcitriol in renal cells and forming calcium binding protein.The bottom figure “B” shows a our new understanding in which calcitriol is produced within cells for the purpose of affecting genetically encoded cellular dynamics, including proliferation and differentiation.Heaney, Robert P.  2008.  Vitamin D in Health and Disease.  Clin J Am Soc Nephrol 3:1535-1541.CaBP is calcium binding protein.Figure 2. Metabolism of 25-Hydroxyvitamin D to 1,25-Dihydroxyvitamin D for Nonskeletal Functions. When a macrophage or monocyte is stimulated through its toll-like receptor 2/1 (TLR2/1) by an infectious agent such as Mycobacterium tuberculosis or its lipopolysaccharide, the signal up-regulates the expression of vitamin D receptor (VDR) and 25-hydroxyvitamin D-1{alpha}-hydroxylase (1-OHase). A 25-hydroxyvitamin D [25(OH)D] level of 30 ng per milliliter (75 nmol per liter) or higher provides adequate substrate for 1-OHase to convert 25(OH)D to its active form, 1,25 dihydroxyvitamin D [1,25(OH)2D]. 1,25(OH)2D travels to the nucleus, where it increases the expression of cathelicidin, a peptide capable of promoting innate immunity and inducing the destruction of infectious agents such as M. tuberculosis. It is also likely that the 1,25(OH)2D produced in monocytes or macrophages is released to act locally on activated T lymphocytes, which regulate cytokine synthesis, and activated B lymphocytes, which regulate immunoglobulin synthesis. When the 25(OH)D level is approximately 30 ng per milliliter, the risk of many common cancers is reduced. It is believed that the local production of 1,25(OH)2D in the breast, colon, prostate, and other tissues regulates a variety of genes that control proliferation, including p21 and p27, as well as genes that inhibit angiogenesis and induce differentiation and apoptosis. Once 1,25(OH)2D completes the task of maintaining normal cellular proliferation and differentiation, it induces expression of the enzyme 25-hydroxyvitamin D-24-hydroxylase (24-OHase), which enhances the catabolism of 1,25(OH)2D to the biologically inert calcitroic acid. Thus, locally produced 1,25(OH)2D does not enter the circulation and has no influence on calcium metabolism. The parathyroid glands have 1-OHase activity, and the local production of 1,25(OH)2D inhibits the expression and synthesis of parathyroid hormone. The 1,25(OH)2D produced in the kidney enters the circulation and can down-regulate renin production in the kidney and stimulate insulin secretion in the beta islet cells of the pancreas.



Extra-renal production of 1,25(OH)2 Vit D
 1 alpha-hydroxylase detected in 

 skin (basal keratinocytes, hair follicles) 
 vascular smooth muscle cells
 monocytes/macrophages
 lymph nodes (granulomata) 
 colon (epithelial cells and parasympathetic ganglia)
 pancreas (islets) 
 adrenal medulla 
 brain (cerebellum and cerebral cortex) 
 placenta (decidual and trophoblastic cells)
 prostate cells
 breast cells
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Extra-renal production of 1,25(OH)2 Vit D
 1 alpha-hydroxylase in the tissues functions well 

below its kM  (maximum rate) 
 The amount of calcitriol that enzyme can produce 

locally depends on the availability of the precursor 
compound--25(OH)D 

 Thus, serum concentration of 25(OH)D becomes a 
critical factor in ensuring optimal functioning of 
the various systems that require vitamin D as a 
part of their signaling apparatus.

 Heaney, RP.  2008.  Vitamin D in Health and Disease.  Clin J Am Soc 
Nephrol 3:1535-1541.

Presenter
Presentation Notes
So, it is not necessarily the circulating levels of calcitriol that are the issue—although they are also important.  The serum concentration of 25(OH)D is critical because you need a higher level of 25(OH)D in order to optimize intracellular calcitriol production.This is why vitamin D inadequacy is so important.



CVD and Vitamin D Summary
 Low levels of 25-hydroxyvitamin D have been recently 

linked to the presence of cardiovascular disease, 
hypertension and the metabolic syndrome.

 Results of recent nationwide investigations showed an 
association of low 25-hydroxyvitamin D levels with 
important cardiovascular risk factors

 We don’t know if supplementing with vitamin D will 
alter this risk.

 Preclinical and clinical investigations demonstrate 
positive effects of vitamin D and its analogues on 
fibrinolysis, blood lipids, thrombogenicity, endothelial 
regeneration, and smooth muscle cell growth.



CVD & Vitamin D meta-analysis
 28 studies, 99,745 participants
 moderate variation between the studies in their grouping 

of 25OHD levels, design and analytical approach
 highest levels of serum 25OHD were associated with a 43% 

reduction in cardiometabolic disorders [OR 0.57, CI 0.48–
0.68]

 High levels of vitamin D among middle-age and elderly 
populations are associated with a substantial decrease in 
cardiovascular disease, type 2 diabetes and metabolic 
syndrome

 “If the relationship proves to be causal, interventions 
targeting vitamin D deficiency in adult populations could 
potentially slow the current epidemics of cardiometabolic
disorders.”

 Parker, J., O. Hashmi, et al. (2010). "Levels of vitamin D and 
cardiometabolic disorders: Systematic review and meta-
analysis." Maturitas 65(3): 225-236.



Specific Vitamin D & CVD related studies
 CVD

 LURIC study, Germany
 Health Professionals Follow-up Study
 Framingham Offspring Study
 Women’s Health Initiative
 Australian Study

 Hypertension
 Nurses Health Study
 Prospective cohort studies (serum 25-OH Vit D)
 Prospective cohort studies (dietary intake of Vit D)

 Diabetes
 NHANES study
 Finish study



LURIC Study, Germany
 Low 25-OH D and 1,25 (OH)2 D levels are 

independently associated with all-cause and 
cardiovascular mortality  
 3258 male & female patients, 
 Mean age 62 yrs 
 High risk group, scheduled for coronary angiography
 Prospective study, D levels taken monthly over median of 7.7 

years
 Although the lowest levels were associated with much less 

physical exercise, the effects were independent of coronary 
artery disease, physical activity level, Charlson Comorbidity
Index, variables of mineral metabolism, and New York Heart 
Association functional class.

 Dobnig H et al.  2008.  Independent Association of Low Serum 25-Hydroxyvitamin D 
and 1,25-Dihydroxyvitamin D Levels With All-Cause and Cardiovascular Mortality. 
Arch Int Med 168(12):1341-1349.
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LURIC Study, Germany
 Twice the all-cause mortality  in patients with the lowest 

25% for 25(OH)D (median 7.6) versus highest 25%.  HR 
2.08, CI 1.6 to 2.7.  

 Twice the CV mortality patients with the lowest versus 
highest quartile (median 28.4 ng/mL).  HR 2.22, CI 1.57-3-
13.

 53% greater all-cause mortality in patients in 2nd lowest 
quartile (median 13.3 ng/mL) than highest.  HR 1.53, CI 
1.17-2.01.

 82% more CV mortality in patients in 2nd lowest quartile 
than those in the highest quartile.  HR 1.82, CI 1.29-2.58.

 Similar results were obtained for patients in the lowest 1,25-
dihydroxyvitamin D quartile. 
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LURIC Study, Germany
 Even insufficiency has an effect on all-cause 

mortality (trend)
 For vitamin D insufficiency—levels of >20 to 30 

ng/mL, all cause mortality was 1.54 (CI .99-2.41) 
versus >30 ng/mL.

 25(OH)D and 1,25(OH)2D levels were not 
significantly different between patients taking 
versus not taking vitamin D supplements.  
Range of 25(OH)D:  5.8 to 33.5 ng/mL.



LURIC Study, Germany
 Low 25(OH)D levels were significantly correlated with: 

 variables of inflammation 
 C-reactive protein and 
 interleukin 6 levels)

 oxidative burden
 serum phospholipids
 glutathione levels 

 cell adhesion
 vascular cell adhesion molecule 1 
 intercellular adhesion molecule 1

 25-hydroxyvitamin D has beneficial effects, some 
involving the cardiovascular system, that are 
independent of calcium metabolism.



Health Professionals Follow-up Study:  
Serum 25(OH)D & MI
 18,225 men aged 40-75 years, free of diagnosed CVD
 Prospective study with 10 years of follow-up
 2.42 X increase in MI for individuals <15ng/ml versus >30 ng/mL

after adjustment for matched variables. (CI 1.53-3.84)
 Relationship still significant even after adjustment for family 

history of myocardial infarction, body mass index, alcohol 
consumption, physical activity, history of diabetes mellitus and 
hypertension, ethnicity, region, marine -3 intake, low and high-
density lipoprotein cholesterol levels, and triglyceride levels (RR, 2.09; 
95% CI, 1.24-3.54; P=.02 for trend).

 Even men with intermediate 25(OH)D levels (22.6-29.9 ng/mL) 
had 60% more MIs than men with sufficient levels. 
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Framingham Offspring Study
 Vitamin D deficiency associated with incident CVD
 1739 participants, mean age 59 years, 55% women, white
 No prior CVD
 Pre-specified thresholds:  <10ng/mL (9%) and < 15ng/Ml (28%)
 Follow-up mean 5.4 years
 There was an effect on participants with hypertension, but not in 

those without HT
 More than double the CV events for hypertensives with Vit

D <15 ng/ML compared with those >=15 ng/mL [Hazard Ratio 
of 2.13 (CI 1.30-3.48)]

 Trend for a graded increase in CV risk across all vitamin D 
categories.  

 Adjustment for C-reactive protein, physical activity, or 
vitamin use did not affect findings.
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Australian study
 1471 health-community dwelling women with a mean age of 

74 years
 5 year trial of calcium supplementation
 25(OH)D was measured at baseline in all women. Skeletal 

and nonskeletal outcomes were evaluated according to 
seasonally adjusted vitamin D status at baseline. 

 50% of women had a seasonally adjusted 25(OH)D 
concentration <50 nmol/L. These women were significantly 
older, heavier, and less physically active and had more 
comorbidities than women with a seasonally adjusted 
25(OH)D concentration > or =50 nmol/L. 

 Women with a seasonally adjusted 25(OH)D concentration 
<50 nmol/L had an increased incidence of stroke and 
cardiovascular events that did not persist after 
adjustment for between-group differences in age or 
comorbidities.
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Does too high 25(OH)D cause CVD?
 Serum 25-hydroxyvitamin D3 levels are elevated in 

South Indian patients with ischemic heart disease
 Rajasree, et al, reported a world record high for 

25(OH)D levels (4X the average in India) due to sun 
exposure in a country where low, not high, 25(OH)D 
levels are the problem

 Unexplained high occurrences of both 
hypercalcemia and hyperphosphatemia, in subjects 
as well as controls

 Analytical methods most likely inaccurate
 Eur J Epid probably published as it fit in with 

current vit D hysteria of the times.
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Women’s Health Initiative
Hsia, J., G. Heiss, et al. (2007). "Calcium/vitamin D supplementation and 
cardiovascular events." Circulation 115(7): 846-54.

 Looked at CV mortality (fracture risk trial)
 400 IU vitamin D and 500 mg calcium did not alter CV 

events in a randomized study of 36,282 post-
menopausal women during a 7-year period.
 Unlikely that the 400 IU had a significant effect on 

vitamin D levels.  The LURIC study showed that those 
with vitamin D supplementation had levels similar to 
those without supplementation.  Vitamin D levels were 
not measured.

 Both calcium and 400 IU vitamin D supplementation 
was allowed in both groups.  
 Mean calcium intake was already 1150 mg daily.
 Mean vitamin D intake was close to 400 IU daily.
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HT:  Nurses Health Study 
Forman, J. P., G. C. Curhan, et al. (2008). "Plasma 25-hydroxyvitamin D levels and 
risk of incident hypertension among young women." Hypertension 52(5): 828-32. 

 Plasma 25(OH)D levels are inversely and independently 
associated with the risk of developing hypertension

 1484 women aged 32-54 years
 No hypertension at outset
 Matched case control for age, race, and month of blood 

collection and further adjusted for body mass index, 
physical activity, family history of hypertension, oral 
contraceptive use, and plasma levels of parathyroid 
hormone, calcium, phosphorous,creatinine, and uric acid

 Almost 50% more HT in women with <30 ng/mL (65.7% 
of the study population) [OR of 1.47 (CI: 1.10 to 1.97)]
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HT:  Prospective cohort studies
Forman, J. P., H. A. Bischoff-Ferrari, et al. (2005). "Vitamin D intake and risk of incident 
hypertension: results from three large prospective cohort studies." Hypertension 46(4): 676-82.

 Plasma 25(OH)D levels are inversely associated with risk of 
incident hypertension

 613 men from the Health Professionals' Follow-Up Study
 During 4 years of follow-up, RR of hypertension in men <15 

ng/mL plasma 25(OH)D was 6.13 (CI 1-37.8) versus those >= 
30 ng/mL.

 1198 women from the Nurses' Health Study
 RR of 2.67 (95% CI: 1.05 to 6.79) (same comparison)

 In addition, 2 prospective cohort studies including 38,388 
men and 77,531 women with predicted 25(OH)D levels 
were followed for 16 to 18 years. 
 Compare lowest to highest decile:  2.31 (CI: 2.03 to 2.63) in 

men and 1.57 (CI: 1.44 to 1.72) in women. 

Presenter
Presentation Notes
Basically, 2-3 times risk of HT in people with lower vitamin D levels



HT and vitamin D intake
 Higher intake of vitamin D is not associated with a 

lower risk of incident hypertension
 Nurses Health Study I (NHS I; n=77,436), NHS 

II (n=93,803), and Health Professionals' Follow-
up Study (HPFS; n=38,074).

 When we compared participants who consumed 
> or =1600 to <400 IU per day and those who 
consumed > or =1000 to <200 IU per day, no 
association was found. 

 Forman, J. P., H. A. Bischoff-Ferrari, et al. (2005). "Vitamin D 
intake and risk of incident hypertension: results from three 
large prospective cohort studies." Hypertension 46(4): 676-82.
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Vitamin D and DM: NHANES
Scragg, R., M. Sowers, et al. (2004). "Serum 25-hydroxyvitamin D, diabetes, and ethnicity in the 
Third National Health and Nutrition Examination Survey." Diabetes Care 27(12): 2813-8.

 Doubled OR for diabetes mellitus among the 
participants in the first 25% compared with the fourth 
25%

 Ethnicity:  inverse association between vitamin D 
status and DM in non-Hispanic whites and Mexican 
Americans.  Lack of an inverse association in non-
Hispanic blacks may reflect decreased sensitivity to 
vitamin D and/or related hormones such as the 
parathyroid hormone.



Vitamin D and Diabetes
 Administration of 1,25-dihydroxyvitamin D3 prevents the 

development of type 1 DM in animal models. 
 Vitamin D deficiency (<20 ng/mL) has been associated 

with decreased beta-cell function
 Insulin sensitivity is as much as 60% higher in individuals 

with serum level 30 ng/mL vs 10 ng/mL
 Vitamin D deficient participants without DM had higher 

and post glucose challenge blood glucose values than those 
with adequate levels

 Consistent with the established literature
 Suggests a potential role for the serum level of 25(OH)D in 

the promotion of insulin sensitivity and the prevention of 
diabetes mellitus.

 Teegarden, D. and S. S. Donkin (2009). "Vitamin D: emerging 
new roles in insulin sensitivity." Nutr Res Rev 22(1): 82-92.
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Serum Vitamin D and Type 2 DM
 Finnish study

 1st prospective study demonstrating that low 
25(OH)D levels predict incident diabetes. 

 Nested case-control design of 412 incident diabetes 
cases and 986 age/sex matched controls

 Aged 40 years and over 
 Followed for up to 22 years
 In men, although not in women, higher baseline 

25(OH)D reduced the risk of incident diabetes by 72%
 adjustment for smoking, body mass index, physical 

activity, and education.
 Knekt, P., M. Laaksonen, et al. (2008). "Serum vitamin D and subsequent 

occurrence of type 2 diabetes." Epidemiology 19(5): 666-71.
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Does Vitamin D supplementation 
prevent Type 2 DM?

 “Evidence from trials with vitamin D and/or calcium 
supplementation suggests that combined vitamin D and 
calcium supplementation may have a role in the 
prevention of type 2 DM only in populations at high 
risk (i.e. glucose intolerance). The available evidence is 
limited because most observational studies are cross-
sectional and did not adjust for important confounders, 
whereas intervention studies were short in duration, 
included few subjects, used a variety of formulations of 
vitamin D and calcium, or did post hoc analyses.”

 Pittas, A. G., J. Lau, et al. (2007). "The role of vitamin D and calcium in type 2 
diabetes. A systematic review and meta-analysis." J Clin Endocrinol Metab
92(6): 2017-29.



Mechanisms of CVD prevention
 Inhibition of vascular smooth muscle 

proliferation
 Suppression of vascular calcification 
Down regulation of pro-inflammatory 

cytokines
Up regulation of anti-inflammatory cytokines
Action of vitamin D as a negative endocrine 

regulator of the renin-angiotensin system.
 Zittermann, A., S. S. Schleithoff, et al. (2005). "Putting cardiovascular disease 

and vitamin D insufficiency into perspective." Br J Nutr 94(4): 483-92
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Mechanisms of Calcitriol & CVD  
 Calcitriol decreases vascular calcification 

 Vascular smooth muscle cells express vitamin D receptors. 
Calcitriol inhibits proliferation of these cells by an acute 
influx of Ca into the cells

 Matrix Gla protein is synthesized by chondrocytes and 
vascular smooth muscle cells and decreases vascular 
calcification; vitamin D increases Gla.

 Excess PTH levels due to deficiency may at least in part 
promote CVD by increased cardiac contractility, chronic 
atherosclerosis via insulin resistance, Ca and phosphate 
deposition in vessel walls, chronic myocardial calcification, 
and chronic heart valve calcification

 Calcitriol dose-dependently suppresses the release of the pro-
inflammatory cytokines TNF-a and IL-6

 Zitterman.  2005.   Putting cardiovascular disease and vitamin D insufficiency into 
perspective.  Br. J Nutr.  94:483-492.
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Does vitamin D supplementation 
prevent CVD?
 A causal relationship has yet to be proved by 

intervention trials using adequate amounts of vitamin 
D.
 Intakes of “ordinary” doses of vitamin D 

supplementation (300-2000 IU) are associated with 
decreased mortality rates [meta-analysis]

 No indication yet that Vitamin D supplementation 
prevents HT, MIs, or CVD.

 Early supplementation Vitamin D appears to help 
prevent Type 1 DM.

 May reduce risk of Type 2 DM in at-risk populations.



Could Vitamin D supplementation help 
the very sick?
 “In patients with advanced chronic diseases such 

as end-stage heart failure, however, circulating 
calcitriol predicts mid-term mortality better 
than 25(OH)D does. Available data indicate that 
these patients may enter a vicious cycle of low 
calcitriol, increased inflammation markers, and 
renal impairment, which may be difficult to 
escape by simple vitamin D supplementation.”

 Zittermann, A., J. F. Gummert, et al. (2009). "Vitamin D deficiency and mortality." Curr
Opin Clin Nutr Metab Care 12(6): 634-9.



 RDA (Recommended Daily Allowance) vs. DRI 
(Dietary Reference Intake, i.e., Optimal Intake)

 DRIs recognize the difference between only 
reducing deficiency diseases and reducing disease 
risk.

 “A key component of this new approach is 
establishing reliable functional indicators of 
nutrient status that may predict disease risk 
before a severe nutrient deficiency ensues. The 
identification and use of functional indicators is 
also important in the determination of nutrient 
intakes adequate to support key metabolic 
functions.”

 Rampersaud G et al Genomic DNA methylation decreases in response to 
moderate folate depletion in elderly women . American Journal of Clinical 
Nutrition, 2000. Vol. 72, No. 4, 998-1003, 

How much Vitamin D do we need?
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The diffence between preventing frank deficiency diseases versus normal to optimal functioning.The advent of the new dietary reference intakes (DRIs) has redefined the role of recommended micronutrient intakes and shifted the focus from prevention of nutrient deficiency to reduction of disease risk. 



Calcium absorption and serum D
Heaney, RP.  2008.  Vitamin D in Health and Disease.  Clin J Am Soc Nephrol 3:1535-1541.
Vitami n  D blood levels of > 80 nmol/L (about 33 ng/L) are needed for optimal absorption
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We need at least 32 ng/mL or 80nmoles of vitamin D for adequate calcium absorption.To convert nmoles to ng, divide by 2.5.  Heaney, RP.  2008.  Vitamin D in Health and Disease.  Clin J Am Soc Nephrol 3:1535-1541.



NIH scientists are over a decade behind the times in 
their recommendations, in spite of a wealth of info, 
including Heaney’s calcium absorption data. 

 Serum 25-Hydroxyvitamin D [25(OH)D] 
Concentrations and Health: NIH Recs≥15 
ng/mL (≥37.5 nmol/L) 

 “Generally considered adequate for bone 
and overall health in healthy individuals .”
 Dietary Supplement Fact Sheet: Vitamin D 

Office of Dietary Supplements • National Institutes of Health 
http://dietary-
supplements.info.nih.gov/factsheets/vitamind.asp

 Reference cited: Institute of Medicine, Food and Nutrition 
Board. Dietary Reference Intakes: Calcium, Phosphorus, 
Magnesium, Vitamin D, and Fluoride. Washington, DC: 
National Academy Press, 1997.
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��Table 1: Serum 25-Hydroxyvitamin D [25(OH)D] Concentrations and Health*ng/mL**nmol/L**Health status<10-11<25-27.5Associated with vitamin D deficiency, leading to rickets in infants and children and osteomalacia in adults [4,13]<10-15<25-37.5Generally considered inadequate for bone and overall health in healthy individuals [4,13]≥15≥37.5Generally considered adequate for bone and overall health in healthy individuals [4]Consistently >200Consistently >500Considered potentially toxic, leading to hypercalcemia and hyperphosphatemia, although human data are limited. In an animal model, concentrations ≤400 ng/mL (≤1,000 nmol/L) demonstrated no toxicity [11,14].* Serum concentrations of 25(OH)D are reported in both nanograms per milliliter (ng/mL) and nanomoles per liter (nmol/L).�** 1 ng/mL = 2.5 nmol/L

http://dietary-supplements.info.nih.gov/�
http://www.nih.gov/�


Vitamin D protects the frail elderly
 a low level of serum vitamin D is associated 

with a greater risk of being admitted to a 
nursing home and increase the risk of dying 
within six years

 due primarily to increased muscle weakness 
and risk of falls, as well as a greater risk of 
osteoporosis.
 Visser, et al . Low serum concentrations of 25-hydroxyvitamin 

D in older persons and the risk of nursing home admission. 
American Journal of Clinical Vol. 84, No. 3, 616-622, September 
2006
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Nursing Home Admissions and Death The results of study conducted in the Netherlands, published in the September, 2006 issue of the American Journal of Clinical Nutrition found that having a low level of serum vitamin D is associated with a greater risk of being admitted to a nursing home within six years, and may increase the risk of dying within a similar amount of time.  Marjolein Visser and colleagues at Vrije University in Amsterdam used data from the Longitudinal Aging Study Amsterdam, a prospective study of 3,107 men and women aged 55 to 85 upon enrollment between 1992 and 1993, who were examined after 3, 6 and 9 years of follow up.  The current study included 1,260 participants over the age of 65 who participated in the first follow up.The authors suggest that the greater risk of nursing home admission among individuals with deficient and insufficient vitamin D levels could be due to their increased muscle weakness and risk of falls, as well as a greater risk of osteoporosis. “Lower serum 25(OH)D concentrations in older men and women are associated with a greater risk of future nursing home admission and may be associated with a greater mortality risk,” the authors conclude. “These results could indicate that lower vitamin D concentrations may specifically affect the level of independence in old age.” 



Dental Caries and Peridontal Disease
 Peridontal Disease: In 6,700 people ages 13 to 90, 

the gums of patients with higher blood levels of 
vitamin D were 20 percent less likely to bleed

 "The evidence on gingivitis and tooth loss suggests 
that vitamin D influences oral health by decreasing 
inflammation.” Dawson-Hughes.  American Journal of 
Clinical Nutrition (80:108-13). July 2004.

 Dental Caries: Dozens of studies were conducted in 
the 1930’s and 1940’s. More than 90% of the studies 
concluded that supplementing children with vitamin 
D prevents cavities.
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Periodontal disease, in a dental study of 6,700 people from 13 to 90, the gums of patients with higher blood levels of vitamin D were 20 percent less likely to bleed. "The evidence on gingivitis and tooth loss suggests that vitamin D influences oral health by decreasing inflammation," said Bess Dawson-Hughes, director of the Bone Metabolism Lab at the Human Nutrition Research Center on Aging at Tufts University.Vitamin D and CancerChildhood asthma is but another presentation of vitamin D deficiency.  At least two researchers at Harvard think so; they think it is the result of maternal vitamin D deficiency.  ��Dental cariesRemember that 1,000 IU of vitamin D is not enough for many children to obtain levels of 50 ng/ml, however, this study showed that even 1,000 IU virtually stopped new caries from developing.��McBeath EC. Vitamin D Studies, 1933-1934. Am J Public Health Nations Health. 1934;24(10):1028-30.16] Tisdall, F.F. The effect of nutrition on the primary teeth. Child Development (1937) 8(1), 102-4. �[17] McBeath, E.C. Nutrition and diet in relation to preventive dentistry. NY J. Dentistry (1938) 8; 17-21. �[17] McBeath, E.C.; Zucker, T.F. Role of vitamin D in the control of dental caries in children. Journal of Nutrition (1938) 15; 547-64. �[19] East, B. R. Nutrition and dental caries. American Journal of Public Health 1938. 28; 72-6. �[20] Mellanby, M. The role of nutrition as a factor in resistance to dental caries. British Dental Journal (1937), 62; 241-52. �[21] His Majesty’s Stationery Office, London. The influence of diet on caries in children’s teeth. Report of the Committee for the Investigation of Dental Disease (1936). �[22] McBeath, F.C. Vitamin D studies, 1933-1934. American Journal of Public Health (1934), 24 1028-30. �[23] Anderson, P. G.; Williams, C. H. M.; Halderson, H.; Summerfeldt, C.; Agnew, R. Influence of vitamin D in the prevention of dental caries. Journal of the American Dental Association (1934) 21; 1349-66. �[24] Day, C. D.; Sedwick, H. J. Fat-soluble vitamins and dental caries in children. Journal of Nutrition (1934) 8; 309-28. �[25] Agnew, M. C.; Agnew, R. G.; Tisdall, F. F. The production and prevention of dental caries. Journal of the American Dental Association, JADA (1933) 20; 193-212. �[26] Bennett, N. G.; et al. The influence of diet on caries in children’s teeth. Special Report Series – Medical Research Council, UK (1931) No. 159, 19. �[27] Mellanby, M.; Pattison, C. L. The influence of a cereal-free diet rich in vitamin D and calcium on dental caries in children. British Medical Journal (1932) I 507-10.



Vitamin D and Cancer Mechanisms
 Vitamin D's most profound gene-influenced activity appears 

to be in keeping healthy the broad category of epithelial cells.

 Calcitriol switches on and off at least 200 genes. 

 Reduces the unregulated growth of cancer cells by promoting 
normal cell death (apoptosis)

 Prevents new cells from becoming cancerous (promoted 
differentiation). 

 Helps regulate the production of E-Cadherin, a type of 
biological glue that holds cells together.

 Helps prevent cancer cells from spreading (metastasis)

 Inhibits cancer cells from developing new blood supply 
(angiogenesis). 

 In short, calcitriol seemed like the perfect anticancer drug.

Presenter
Presentation Notes
 Vitamin D mechanisms of cancer preventionVitamin D's most profound gene-influenced activity appears to be in keeping healthy the broad category of cells known as epithelium, which line the outsides of our organs and the surfaces of the structures in our body. Even though these lining tissues amount to only about 2 per cent of the weight of our bodies, they are the source of about 85 per cent of cancers, those known as carcinomas. These include cancer of the colon, prostate, pancreas and uterus, along with the most common type of breast cancer, ductal carcinoma, which develops on milk-duct lining. (The other main type of cancer, sarcomas, appear in muscles and connective tissue, and don't have a strong association with vitamin D insufficiency.) "Vitamin D is a particularly effective agent in inhibiting abnormal growth or development of malignancies in epithelial tissues," says Cedric Garland, a professor of preventive medicine at the University of California, San Diego. Although many researchers view cancer as a hopelessly complex disease with different causes for each tumour type, Dr. Garland, who has been studying vitamin D for more than three decades, believes the carcinomas have a common origin in low levels of the vitamin. By his estimate, up to 75 per cent of these cancers could be prevented if vitamin D levels were raised through supplements. "I'm convinced that cancer is largely a vitamin D deficiency disease," he says. One important function of vitamin D at the gene level that may explain its anti-cancer properties is that it helps to regulate the production of E-Cadherin, a type of biological glue that holds cells together. When this glue is in short supply, it allows epithelial cells to lose adhesion to one another, permitting some to escape from the tissue they are supposed to be embedded in. Unconstrained, these cells start to multiply at a greater rate than they otherwise would and begin forming the lesions that ultimately turn into cancers. Vitamin D plays a role in telling cells when to die, thus helping to prevent uncontrolled proliferation and curbing the growth of new blood vessels that nourish growing tumours.



Vitamin D and Cancer Risk
 Breast Cancer

 Women with vitamin D >50ng/ml had a 6-fold 
reduction in breast cancer risk compared to women 
<50ng/ml. EurJCanc2005;41p1164 

 Melanoma 
 Higher Vitamin D was associated with a 46% 

reduction in relapse of melanoma.
 It works by blocking cancer cell duplication and 

prevention of cancer blood vessel growth. 
 FPN 12/15/06 p.23
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Women with vitamin D >50ng/ml had a 6-fold reduction in breast cancer risk compared to women <50ng/ml. EurJCanc2005;41p1164  Vitamin D was associated with a 46% reduction in relapse of melanoma. It works by blocking cancer cell duplication and prevention of cancer blood vessel growth. FPN12/15/06p23 Sun exposure (& presumably improved vitamin D levels) reduced non-Hodgkin’s lymphoma by 35-63% in one study; a second study confirmed findings. IntJCancer12/10/2004p865, Cancer Causes Control10/06p1045    Ultraviolet B (from sunshine, suspect vitamin D) reduced risk of kidney cancer, while high altitude, cloud cover, & calories from animal sources increased risk. IntJCancer2006;119(11)p2705    In a meta-analysis, the optimal dose of vitamin D to prevent colorectal cancer is 1000-2000u daily; blood levels of 25OH vitamin D of 33ng/ml had a 50% lower colorectal cancer risk vs 12ng/ml    D 400IU daily reduced pancreatic cancer risk by 43% in a large epidemiology study. CancEpidBiom&Prev9/06    Vitamin D supplementation would reduce a wide variety of cancers 30-50%. AmerJPublicHealth2006;96p252 50,000-63,000 in America annually die prematurely from cancer due to vitamin D deficiency. PhytochemPhotobio2005;81p1276 1000-2000IU of vitamin D from sunlight, supplements, or diet would reduce colon cancer risk in half. AmJPrevMed2007;32p210    Increasing Vitamin D intake by 1500u daily could prevent 45% of digestive cancers (study by Dr. Walter Willett, Harvard)Vitamin D and HypertensionThe 2005 Multidisciplinary Prostate Cancer Symposium held in Orlando, Florida this month was the site of a presentation by Haojie Li MD, PhD of Harvard University School of Public Health of the finding that high plasma vitamin D levels could help protect against the development of prostate cancer and may also prevent the more aggressive form of the disease. Using blood samples obtained in 1982 from 2400 healthy participants in the Physician’s Health Study, Dr Li and colleagues measured 25-hydroxyvitamin D (25 D) and 1,25 dihydroxyvitamin D (1,25 D), and ascertained variations in the vitamin D receptor gene. Samples from 1,029 men who developed prostate cancer over the 13 to 18 year follow-up period were age and smoking-status matched with blood from 1,371 healthy men. The Harvard and Brigham and Women’s Hospital researchers found that men whose plasma levels of both forms of the vitamin were higher than the median of the current study population experienced a 45 percent lower risk of developing aggressive prostate cancer than those with lower levels. Presence of a genotype called homozygous Fokl FF combined with high vitamin D levels lowered overall risk by 55 percent, and the risk of developing aggressive disease by 77 percent. Dr Li, who was the study’s lead investigator, concluded, "Our findings suggest that vitamin D plays an important protective role against prostate cancer, especially clinically aggressive disease. This research underscores the importance of obtaining adequate vitamin D through skin exposure to sunlight or through diet, including food and supplements."



Vitamin D and Cancer Risk
 Non-Hodgkin’s Lymphoma

 Sun exposure (& presumably improved vitamin D 
levels) reduced non-Hodgkin’s lymphoma by 35-63% 
in one study; 

 a second study confirmed findings.
 IntJCancer12/10/2004p865, Cancer Causes 

Control10/06p1045 
 Kidney Cancer

 Ultraviolet B (from sunshine, suspect vitamin D) 
reduced risk of kidney cancer, while high altitude, 
cloud cover, & calories from animal sources 
increased risk. 
 IntJCancer2006;119(11)p2705 



Vitamin D and Cancer Risk
 Colorectal Cancer: 

 In a meta-analysis, the optimal dose of vitamin D 
to prevent colorectal cancer is 1000-2000u daily; 

 Blood levels of 25OH vitamin D of 33ng/ml had a 
50% lower colorectal cancer risk vs 12ng/ml 

 1000-2000IU of vitamin D from sunlight, 
supplements, or diet would reduce colon cancer risk 
in half.  AmJPrevMed2007;32p210 

 Increasing Vitamin D intake by 1500u daily could 
prevent 45% of digestive cancers (study by Dr. 
Walter Willett, Harvard) Vitamin D and 
Hypertension



Dosage-response gradient for colorectal cancer.  Sumary 

of 5 Studies: Clin J Am Soc Nephrol 3: 1548–1554, 2008.
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Figure 1. Dosage-response gradient for colorectal cancer accordingto serum 25-hydroxyvitamin D [25(OH)D] concentration offive studies combined. The five points are the odds ratios foreach quintile of 25(OH)D on the basis of the combined datafrom the five studies. 



Kaplan-Meier survival curves in colon cancer 
Clin J Am Soc Nephrol 3: 1548–1554, 2008
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Figure 3. Kaplan-Meier survival curves (i.e., free of cancer) forthe three treatment groups randomly assigned in the cohort ofwomen who were free of cancer at 1 yr of intervention (n 1085). Sample sizes are 266 for the placebo group, 416 for thecalcium-only (Ca-only) group, and 403 for the calcium plusvitamin D (CaD) group. The survival at the end of study forthe CaD group is significantly higher than that for the placebogroup, by logistic regression. Reprinted with permission fromDr. Robert Heaney, 2007.Vitamin D deficiency is a worldwide health problem. The major source of vitamin D for most humans is sensible sunexposure. Factors that influence cutaneous vitamin D production include sunscreen use, skin pigmentation, time of day,season of the year, latitude, and aging. Serum 25-hydroxyvitamin D [25(OH)D] is the measure for vitamin D status. A total of100 IU of vitamin D raises blood level of 25(OH)D by 1 ng/ml. Thus, children and adults who do not receive adequate vitaminD from sun exposure need at least 1000 IU/d vitamin D. Lack of sun exposure and vitamin D deficiency have been linked tomany serious chronic diseases, including autoimmune diseases, infectious diseases, cardiovascular disease, and deadlycancers. It is estimated that there is a 30 to 50% reduction in risk for developing colorectal, breast, and prostate cancer by eitherincreasing vitamin D intake to least 1000 IU/d vitamin D or increasing sun exposure to raise blood levels of 25(OH)D >30ng/ml. Most tissues in the body have a vitamin D receptor. The active form of vitamin D, 1,25-dihydroxyvitamin D, is madein many different tissues, including colon, prostate, and breast. It is believed that the local production of 1,25(OH)2D may beresponsible for the anticancer benefit of vitamin D. Recent studies suggested that women who are vitamin D deficient havea 253% increased risk for developing colorectal cancer, and women who ingested 1500 mg/d calcium and 1100 IU/d vitamin D3for 4 yr reduced risk for developing cancer by >60%.



Vitamin D and Cancer Risk
 Pancreatic Cancer:    D 400 IU daily reduced 

pancreatic cancer risk by 43% in a large 
epidemiology study.  CancEpidBiom&Prev 9/06 

 Vitamin D supplementation would reduce a 
wide   variety of cancers 30-50%.  
AmerJPublicHealth 2006;96 p252

 50,000-63,000 in America annually die 
prematurely from cancer due to vitamin D 
deficiency. PhytochemPhotobio 2005;81 p1276
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Vit D and Colon Ca.A recent meta-analysis that pooled the results of five observational studies concluded that daily intake of 1,000-2,000 IU of vitamin D3 could reduce the incidence of colon cancer by 50% or more.1 However, an earlier intervention trial found that supplementation with a lower dose of vitamin D (400 IU per day) for seven years did not reduce the incidence of colorectal cancer in postmenopausal women.2 In most cases, the results of intervention trials are more reliable than those of observational studies, because the latter are subject to a variety of potentially confounding factors. On the other hand, the results of these trials are not necessarily inconsistent, because it is possible that relatively high doses of vitamin D can prevent colon cancer, whereas lower doses are ineffective. In the meta-analysis, five nested case-control studies were pooled that examined the association between serum concentrations of 25-hydroxyvitamin D (the main circulating form of vitamin D) and colorectal cancer risk. The results showed that the risk decreased with increasing serum 25-hydroxyvitamin D levels (p for trend < 0.0001). As compared with people in the lowest quintile of serum 25-hydroxyvitamin D (median value, 6 ng/ml), those in the highest quintile (median value, 37 ng/ml) had a 51% lower incidence of colorectal cancer. According to the investigators, a daily intake of 1,000 IU of vitamin D would increase the median 25-hydroxyvitamin D concentration in the general population to approximately 33 ng/ml, whereas a daily intake of 2,000 IU would increase the median level to approximately 46 ng/ml. Therefore, if everyone consumed 2,000 IU of vitamin D per day, more than half the population would have a serum 25-hydroxyvitamin D concentration consistent with approximately a 50% reduction in colorectal cancer risk.References:1 Gorham ED, Garland CF, Garland FC, et al. Optimal vitamin D status for colorectal cancer prevention: a quantitative meta-analysis. Am J Prev Med 2007;32:210-6.2 Wactawski-Wende J, Kotchen JM, Anderson GL, et al. Calcium plus vitamin D supplementation and the risk of colorectal cancer. N Engl J Med 2006;354:68496.3 Bischoff-Ferrari HA, Willett WC, Wong JB, et al. Fracture prevention with vitamin D supplementation: a meta-analysis of randomized controlled trials. JAMA 2005;293:2257-64.



Prostate Cancer
 Higher levels of D 25OH and D1,25:  45 percent lower risk 

of developing aggressive prostate cancer than those with 
lower levels. 

 Genotype homozygous Fokl FF and high vitamin D levels 
lowered overall risk by 55 percent, and aggressive disease 
by 77 percent

 “Our findings suggest that vitamin D plays an 
important protective role against prostate cancer, 
especially clinically aggressive disease. This research 
underscores the importance of obtaining adequate 
vitamin D through skin exposure to sunlight or 
through diet, including food and supplements.“
 Presentation by Haojie Li MD, PhD of Harvard University 

School of Public Health at the  2005 Multidisciplinary 
Prostate Cancer Symposium Orlando, Florida
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The 2005 Multidisciplinary Prostate Cancer Symposium held in Orlando, Florida this month was the site of a presentation by Haojie Li MD, PhD of Harvard University School of Public Health of the finding that high plasma vitamin D levels could help protect against the development of prostate cancer and may also prevent the more aggressive form of the disease. Using blood samples obtained in 1982 from 2400 healthy participants in the Physician’s Health Study, Dr Li and colleagues measured 25-hydroxyvitamin D (25 D) and 1,25 dihydroxyvitamin D (1,25 D), and ascertained variations in the vitamin D receptor gene. Samples from 1,029 men who developed prostate cancer over the 13 to 18 year follow-up period were age and smoking-status matched with blood from 1,371 healthy men. The Harvard and Brigham and Women’s Hospital researchers found that men whose plasma levels of both forms of the vitamin were higher than the median of the current study population experienced a 45 percent lower risk of developing aggressive prostate cancer than those with lower levels. Presence of a genotype called homozygous Fokl FF combined with high vitamin D levels lowered overall risk by 55 percent, and the risk of developing aggressive disease by 77 percent. Dr Li, who was the study’s lead investigator, concluded, "Our findings suggest that vitamin D plays an important protective role against prostate cancer, especially clinically aggressive disease. This research underscores the importance of obtaining adequate vitamin D through skin exposure to sunlight or through diet, including food and supplements."



Vitamin D and Cancer Prevention
 “It is projected that raising the minimum year-

around serum 25(OH)D level to 40 to 60 
ng/mL (100-150 nmol/L) would prevent 
approximately 58,000 new cases of breast 
cancer and 49,000 new cases of colorectal 
cancer each year, and three fourths of deaths 
from these diseases in the United States and 
Canada, based on observational studies 
combined with a randomized trial.”

 Garland, C. F., E. D. Gorham, et al. (2009). "Vitamin D for cancer prevention: 
global perspective." Ann Epidemiol 19(7): 468-83.



Vitamin D, Vitamin A, & Cancer Risk
 Vitamin A (as preformed retinol, not beta-carotene) may 

attenuate  the positive effect of vitamin D in colorectal, 
prostate, breast, lung, and pancreatic cancer. 

 Dr. John Cannell , in his review of studies containing 
evidence of this association, hypothesized that the retinol 
most likely came from cod-liver oil supplementation.  
Cannel, J. Remarkable Paper in British Medical Journal. The Vitamin D 
Newsletter, February 28, 2010.

 In a prospective study of 48,000 women, a high vitamin D 
and low retinol intake further decreased the risk of 
colorectal cancer over the opposite extreme.  The authors 
suggest, “the actions of vitamin D may be attenuated by 
high retinol intake.”  Oh, K., W. C. Willett, et al. (2007). "Calcium 
and vitamin D intakes in relation to risk of distal colorectal adenoma in 
women." Am J Epidemiol 165(10): 1178-86.



Increasing sun exposure  and cancer risk
Increase: 
Squamous cell cancer (1500 deaths/year)

Decrease
Breast Cancer (50,000 deaths per year) 
Colon Cancer (57,000 deaths per year)
Prostate Cancer (40,000 deaths/year
Ovarian Cancer (14,000 deaths/year) 

No Change
Lung Cancer
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"Notably, non-melanoma skin cancers occur on the most sun exposed areas, such as the face and hands, whereas most melanomas occur on the areas least exposed to the sun [2]. Intermittent and occupational sun exposure has been found to reduce the risk of malignant melanoma [2–5]." 1. Holick M. Deficiency of sunlight and vitamin D. British Medical Journal 2008; 336:1318–1319A history of severe sunburn with blistering was associated with nearly 3-fold risk among poor tanners (OR = 2.9) but was protective among good tanners (OR = 0.79). Environ Health Perspect. 1989 May; 81: 139–151. PMCID: PMC1567515Copyright notice Research ArticleSun exposure and malignant melanoma among susceptible individuals.N Dubin, M Moseson, and B S PasternackLaboratory of Epidemiology and Biostatistics, New York University Medical Center, NY 10010.This article has been cited by other articles in PMC.AbstractThe purpose of this case-control study was to identify susceptible subgroups, primarily based on pigmentary characteristics, at higher risk of developing melanoma when exposed to the sun. The study group, which was interviewed from 1979 to 1982, consisted of 289 consecutive patients with melanoma and 527 randomly selected controls without cancer. In general, the risk of melanoma associated with sun exposure was greater for individuals expected to be susceptible on the basis of poor ability to tan, but not other pigmentary traits. There were, in addition, some noteworthy interactions between age and sun exposure. Among subjects with poor tanning ability, the risk of melanoma associated with outdoor occupation was more than 3-fold [odds ratio (OR) = 3.3] compared to indoor occupation. In contrast, the analogous OR was much less elevated among subjects with a good ability to tan (OR = 1.5). Mixed indoor and outdoor job exposure was protective among good tanners (OR = 0.80), but not among poor tanners (OR = 1.5). A similar pattern was seen for recreational sun exposure and, when applying multiple logistic regression, for the patient's overall subjective assessment of his lifetime sun exposure. However, quantitative assessment of average hours of sun exposure did not prove to be a good indicator of melanoma risk, even among susceptible individuals. A history of severe sunburn with blistering was associated with nearly 3-fold risk among poor tanners (OR = 2.9) but was protective among good tanners (OR = 0.79). A history of nonmelanoma skin cancer or solar keratosis was a very strong risk factor (OR = 7.3), which, however, did not significantly differ in magnitude among susceptibility subgroups.These references are in PubMed. This may not be the complete list of references from this article. Elwood JM, Hislop TG. Solar radiation in the etiology of cutaneous malignant melanoma in Caucasians. Natl Cancer Inst Monogr. 1982;62:167–171. [PubMed]Lee JA. Melanoma and exposure to sunlight. Epidemiol Rev. 1982;4:110–136. [PubMed]Pearl DK, Scott EL. The anatomical distribution of skin cancers. Int J Epidemiol. 1986 Dec;15(4):502–506. [PubMed]Holman CD, Armstrong BK, Heenan PJ. Relationship of cutaneous malignant melanoma to individual sunlight-exposure habits. J Natl Cancer Inst. 1986 Mar;76(3):403–414. [PubMed]Elwood JM, Gallagher RP, Hill GB, Pearson JC. Cutaneous melanoma in relation to intermittent and constant sun exposure--the Western Canada Melanoma Study. Int J Cancer. 1985 Apr 15;35(4):427–433. [PubMed]Green AC, O'Rourke MG. Cutaneous malignant melanoma in association with other skin cancers. J Natl Cancer Inst. 1985 May;74(5):977–980. [PubMed]Graham S, Marshall J, Haughey B, Stoll H, Zielezny M, Brasure J, West D. An inquiry into the epidemiology of melanoma. Am J Epidemiol. 1985 Oct;122(4):606–619. [PubMed]Lew RA, Sober AJ, Cook N, Marvell R, Fitzpatrick TB. Sun exposure habits in patients with cutaneous melanoma: a case control study. J Dermatol Surg Oncol. 1983 Dec;9(12):981–986. [PubMed]Sorahan T, Grimley RP. The aetiological significance of sunlight and fluorescent lighting in malignant melanoma: a case-control study. Br J Cancer. 1985 Nov;52(5):765–769. [PubMed]MacKie RM, Aitchison T. Severe sunburn and subsequent risk of primary cutaneous malignant melanoma in scotland. Br J Cancer. 1982 Dec;46(6):955–960. [PubMed]Klepp O, Magnus K. Some environmental and bodily characteristics of melanoma patients. A case-control study. Int J Cancer. 1979 Apr 15;23(4):482–486. [PubMed]Dubin N, Moseson M, Pasternack BS. Epidemiology of malignant melanoma: pigmentary traits, ultraviolet radiation, and the identification of high-risk populations. Recent Results Cancer Res. 1986;102:56–75. [PubMed]Green A, Siskind V, Bain C, Alexander J. Sunburn and malignant melanoma. Br J Cancer. 1985 Mar;51(3):393–397. [PubMed]Holman CD, Armstrong BK. Cutaneous malignant melanoma and indicators of total accumulated exposure to the sun: an analysis separating histogenetic types. J Natl Cancer Inst. 1984 Jul;73(1):75–82. [PubMed]MANTEL N, HAENSZEL W. Statistical aspects of the analysis of data from retrospective studies of disease. J Natl Cancer Inst. 1959 Apr;22(4):719–748. [PubMed]Holman CD, Armstrong BK, Evans PR, Lumsden GJ, Dallimore KJ, Meehan CJ, Beagley J, Gibson IM. Relationship of solar keratosis and history of skin cancer to objective measures of actinic skin damage. Br J Dermatol. 1984 Feb;110(2):129–138. [PubMed]Stallones RA. The use and abuse of subgroup analysis in epidemiological research. Prev Med. 1987 Mar;16(2):183–194. [PubMed]Articles from Environmental Health Perspectives are provided here courtesy of National Institute of Environmental Health ScienceEnviron Health Perspect. 1989 May; 81: 139–151. PMCID: PMC1567515. Sun exposure and malignant melanoma among susceptible individuals. N Dubin, M Moseson, and B S Pasternack



Sun exposure and Melanoma
Review of 14 published studies, 
 two found a positive association between solar UV 

exposure and melanoma; 
 seven found no association; and 
 five studies found an inverse association, that is, 

the more sun-exposure the less melanoma.
 Godar DE, Landry RJ, Lucas AD.  Increased UVA exposures and decreased 

cutaneous Vitamin D(3) levels may be responsible for the increasing 
incidence of melanoma.  Med Hypotheses.  2009 Apr;72(4):434-43.

 Intermittent and occupational sun exposure has been 
found to reduce the risk of malignant melanoma 
 Holick M. Deficiency of sunlight and vitamin D. British Medical Journal 2008; 

336:1318–1319.
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Melanoma and Vitamin D. Dr. Dianne Godar, of the US Food and Drug Administration, published a fascinating paper indicating UVA light, even through window glass, is responsible for the melanoma epidemic.  She points out the melanoma epidemic began long before sunbeds; the dramatic increase is only in indoor workers not outdoor workers; low 25(OH)D levels predict melanoma; all-year tans protect against melanoma; and melanoma patients who expose themselves to the sun live longer than those who don’t.  Of the 14 published studies, she reported only two found a positive association between solar UV exposure and melanoma; seven found no association; and five studies found an inverse association, that is, the more sun-exposure the less melanoma. Godar DE, Landry RJ, Lucas AD.  Increased UVA exposures and decreased cutaneous Vitamin D(3) levels may be responsible for the increasing incidence of melanoma.  Med Hypotheses.  2009 Apr;72(4):434-43. Ironically, sunscreens appear to dramatically increase the risk of melanoma, probably by increasing the amount of time one spends in the sun.  Until recently, sunscreens only blocked vitamin D producing UVB and let UVA through.  That is, the sunscreen-promoting dermatologists many be partially responsible for melanoma epidemic.



Schizophrenia
 latitude and cold climate strongly determine 

the prevalence of schizophrenia. 
 skin color only mattered away from the equator, 

 adjuvant Vitamin D 
 does not reduce hallucinations, paranoia, or 

psychosis
 improves mood, reduces tremors, 
 may reduce the amount of antipsychotic 

medications needed and helps prevent diabetes 
and the metabolic syndrome, (common side-effects 
of “modern” antipsychotic medications. )

 Cannell: The Vitamin D Newsletter August 2009
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Cannell: The Vitamin D Newsletter August 2009SchizophreniaFirst, they found a 10 (ten) fold variance in the prevalence of schizophrenia in the world, from a high of 28 cases per 1000 in Oxford Bay, Canada, near the Arctic Circle, to a low of 1 per 1000 around the equator, confirming Dr. E.F. Torrey’s landmark latitudinal findings published in 1987. Kinney et al confirmed that latitude and cold climate broadly and strongly determine the prevalence of schizophrenia. The majority of the 49 studies the authors reviewed were completed before the sun scare, which has driven many equatorial mothers out of the sun, so I predict the incidence of schizophrenia around the equator will soon be increasing.Fourth, they found that skin color only mattered away from the equator, that is, in the very dark-skinned equatorial Indians and equatorial Africans, skin color hardly mattered; the prevalence of schizophrenia was quite low. However, the further poleward you live, dark skin preventing maternal Vitamin D production becomes an increasingly significant risk factor for schizophrenia.In my experience at Atascadero State Hospital, treating hundreds of patients with schizophrenia, adjuvant Vitamin D does not reduce hallucinations, paranoia, or psychosis but it does improve mood, reduce tremors, may reduce the amount of antipsychotic medications needed and helps prevent diabetes and the metabolic syndrome, which are common side-effects of “modern” antipsychotic medications. Care must be taken however, as the same cytochrome P-450 enzymes that metabolize Vitamin D are many of the same enzymes psychotropic medications utilize. Little or nothing is known about such Vitamin D and psychotropic drug interactions, thus Vitamin D levels are mandatory when treating Vitamin D deficiency in someone taking psychiatric medications.



Type 1 Diabetes
 Low levels of 25-hydroxyvitamin D3 and 1,25-

dihydroxyvitamin D3 were found in patients with 
newly diagnosed type 1 diabetes

 D3 supplementation at birth protects individuals 
from type 1 diabetes later in life

 1,25-(OH)2D3 may act as an immunomodulator, 
facilitating the shift from a Th1 to a Th2 immune 
response,
 Low levels of 25-hydroxyvitamin D3 and 1,25-

dihydroxyvitamin D3 in patients with newly diagnosed 
type 1 diabetes. Pozzilli et al Hormone and metabolic  
Research 2005, vol. 37, no11, pp. 680-683
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Diabetes Type 1Low levels of 25-hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 were found in patients with newly diagnosed type 1 diabetes"An epidemiological retrospective study and a recent prospective study from Finland have both concluded that vitamin D3 supplementation at birth protects individuals from type 1 diabetes later in life. Moreover, it is thought that vitamin D3 supplementation, in particular its activated form, 1,25-dihydroxyvitamin D3 [1,25-(OH)2D3] may act as an immunomodulator, facilitating the shift from a Th1 to a Th2 immune response," scientists writing in the journal Hormone and Metabolic Research report.Low levels of 25-hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 in patients with newly diagnosed type 1 diabetesAuteur(s) / Author(s)IMDIAB group�POZZILLI P. ; MANFRINI S. ; CRINO A. ; PICARDI A. ; LEOMANNI C. ; CHERUBINI V. ; VALENTE L. ; KHAZRAI M. ; VISALLI N. ; Affiliation(s) du ou des auteurs / Author(s) Affiliation(s)Résumé / AbstractBackground and aims: An epidemiological retrospective study and a recent prospective study from Finland have both concluded that vitamin D3 supplementation at birth protects individuals from type 1 diabetes later in life. Moreover, it is thought that vitamin D3 supplementation, in particular its activated form, 1,25-dihydroxyvitamin D3 [1,25-(OH)2D3], may act as an immunomodulator, facilitating the shift from a Th1 to a Th2 immune response. The aim of this surveillance study was to measure levels of both 25-hydroxyvitamin D3 (25OHD3) and 1,25- dihydroxyvitamin D3 in patients with newly diagnosed type 1 diabetes as compared to normal subjects. Methods: We measured plasma levels of 25-hydroxyvitamin D3 [25OHD3] and 1,25-dihydroxyvitamin D3 by radioimmunoassay in 88 consecutive patients with newly diagnosed type 1 diabetes (mean age 14.6 years; diagnosis within the last week), and in 57 healthy age and sex-matched subjects (mean age 16.5 years) born and residing in the Lazio region of continental Italy. Results: Mean levels of both 25OHD3 and 1,25-(OH)2D3 were significantly lower in patients compared to controls (p < 0.01 and p < 0.03, respectively). There was no correlation between 1,25-(OH)2D3 plasma level and metabolic control status at disease diagnosis, age, gender, or most importantly, seasonality of disease diagnosis. This new observation endorses the findings of the Finnish study, even though Italy is a geographic area with more hours of sunlight than Finland. Conclusions: These findings suggest that vitamin D3 may be an important pathogenic factor in type 1 diabetes independent of geographical latitude, and that its supplementation should be considered not only at birth, but also at diagnosis of type 1 diabetes with the aim of favouring a Th2 immune response and protecting residual beta cells from further destruction.Revue / Journal TitleHormone and metabolic research   ISSN 0018-5043   CODEN HMMRA2  Source / Source2005, vol. 37, no11, pp. 680-683



Type 1 DM & Vit D supplements
 Meta-analysis:   Zipitis, C. S. and A. K. Akobeng (2008). "Vitamin D 

supplementation in early childhood and risk of type 1 diabetes: a systematic 
review and meta-analysis." Arch Dis Child 93(6): 512-7.
 5 observational studies (4 case-control studies and 1 cohort study); 

no RCTs
 Risk of type 1 diabetes was significantly reduced in infants who 

were supplemented with vitamin D compared to those who were 
not supplemented (pooled odds ratio 0.71, 95% CI 0.60 to 0.84). 

 Evidence of a dose-response effect--those using higher amounts 
of vitamin D being at lower risk of developing type 1 diabetes. 
 Children who regularly took the recommended dose of vitamin D 

(2000 IU daily) had a RR of 0.22 (0.05-0.89) compared with those 
who regularly received less than the recommended amount.—
Finnish study

 Timing of supplementation might also be important for the 
subsequent development of type 1 diabetes. 

 Need RCTs with long-term follow-up to establish causality and 
the best formulation, dose, duration and period of 
supplementation.
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1. Zipitis, C. S. and A. K. Akobeng (2008). "Vitamin D supplementation in early childhood and risk of type 1 diabetes: a systematic review and meta-analysis." Arch Dis Child 93(6): 512-7.2. Hypponen, E., E. Laara, et al. (2001). "Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study." Lancet 358(9292): 1500-3.



Polycystic Ovary Sydrome
 In a study involving 120 untreated women with 

polycystic ovarian syndrome (median age: 28 
years), low levels of vitamin D were found to be 
associated with insulin resistance and obesity. In 
all the subjects, concentrations of 25-OH-VD were 
inversely associated with body mass index, body 
fat, HOMA-IR, hyperinsulinemia, and levels of 
leptin, while being positively associated with HDL 
cholesterol levels.

 Additional analysis found 25-OH-VD levels to be 
significantly correlated with sex hormone-
binding globulin and the free androgen index.

 Hahn S, Haselhorst U, et al, Experimental and Clinical 
Endocrinology and Diabetes, 2006; 114(10): 577-583
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Polycystic Ovary SyndromeLow Vitamin D Status Linked to Insulin Resistance and Obesity in Women with Polycystic Ovarian Syndrome (PCOS)Keywords: POLYCYSTIC OVARIAN SYNDROME, PCOS, INSULIN RESISTANCE, OBESITY - Vitamin D, 25-Hydroxyvitamin D, 25-OH-VDReference: "Low serum 25-hydroxyvitamin D concentrations are associated with insulin resistance and obesity in women with polycystic ovary syndrome," Hahn S, Haselhorst U, et al, Experimental and Clinical Endocrinology and Diabetes, 2006; 114(10): 577-583. (Address: Endokrinologikum Ruhr, Center for Metabolic and Endocrine Diseases, Bochum, Germany).Summary: In a study involving 120 untreated women with polycystic ovarian syndrome (median age: 28 years), low levels of vitamin D were found to be associated with insulin resistance and obesity. In all the subjects, concentrations of 25-OH-VD were inversely associated with body mass index, body fat, HOMA-IR, hyperinsulinemia, and levels of leptin, while being positively associated with HDL cholesterol levels. When the women were subdivided into the categories, "lean," "overweight," and "obese," higher levels of 25-OH-VD were found among the lean subjects. Women whose levels of 25-OH-VD were so low that they were considered to have "hypovitaminosis D" (less than 9 ng/ml) were found to have higher BMI, higher indices of insulin resistance, and higher leptin levels, compared to women with normal serum levels of vitamin D. Additional analysis found 25-OH-VD levels to be significantly correlated with sex hormone-binding globulin and the free androgen index. These results suggest that in women with polycystic ovarian syndrome (PCOS) low serum levels of vitamin D may be linked to insulin resistance and obesity. Studies examining the effects of supplementation with vitamin D on markers of insulin resistance and obesity in women with PCOS are needed. 



Lung Function and Asthma
 A report published in the December 2005 issue of the 

journal Chest, the journal of the American College of 
Chest Physicians, revealed that higher levels of 
vitamin D are correlated with improved lung 
function compared to individuals whose levels of the 
vitamin are lower.

 Childhood asthma is associated with vitamin D 
deficiency. At least two researchers at Harvard think it 
is the result of maternal vitamin D deficiency.
 Litonjua AA, Weiss ST. Is vitamin D deficiency to blame for the asthma 

epidemic? J Allergy Clin Immunol. 2007 Nov;120(5):1031-5.
 Weiss ST, Litonjua AA. Maternal diet vs lack of exposure to sunlight as the cause 

of the epidemic of asthma, allergies and other autoimmune diseases. Thorax. 
2007 Sep;62(9):746-8.
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Lung FunctionA report published in the December 2005 issue of the journal Chest, the journal of the American College of Chest Physicians, revealed that higher levels of vitamin D are correlated with improved lung function compared to individuals whose levels of the vitamin are lower.Peter N Black, MB ChB, and Robert Scragg, MB BS, PhD from the University of Auckland in New Zealand used data obtained in the Third National Health and Nutrition Examination Survey (NHANES III), which was conducted in the Untied States from 1988 to 1994. The current analysis involved 14,091 men and women aged 20 and older whose serum 25-hydroxyvitamin D levels were measured and who had undergone spirometry to assess lung function.The difference in lung function between the highest and lowest quintiles of vitamin D is substantial and greater than the difference between former and nonsmokers,” he noted.Vitamin D and Pediatric IllnessChildhood asthma is but another presentation of vitamin D deficiency.  At least two researchers at Harvard think so; they think it is the result of maternal vitamin D deficiency.  ��Litonjua AA, Weiss ST. Is vitamin D deficiency to blame for the asthma epidemic? J Allergy Clin Immunol. 2007 Nov;120(5):1031-5. ��Weiss ST, Litonjua AA. Maternal diet vs lack of exposure to sunlight as the cause of the epidemic of asthma, allergies and other autoimmune diseases. Thorax. 2007 Sep;62(9):746-8. 
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Sunlight and Multiple Sclerosis
 There is a genetic component to MS risk, with Northern Europeans 

being at higher risk. 
 You are 5 times more likely to get MS if you live in Europe or North 

America than in the tropics. 
 The prevalence rate for MS is twice as high in the US above the 37th

parallel, then below. (The 37th parallel runs through Virginia)
 Exposure to the sun before age 15 reduces the risk of MS.
 Norwegians who live along the coast have a lower risk of MS than those 

who live inland. (Coastal inhabitants eat more fish,) 
 Eskimos who eat a traditional diet (bear liver, whale, seal blubber, oily 

fish) have almost no MS. 
 Identical Twin Study Conclusions: Early sun avoidance seems to 

precede the diagnosis of multiple sclerosis (MS). This protective effect 
of sunlight is independent of genetic susceptibility to MS. 
 Islam T, Gauderman WJ, Cozen W, Mack TM. Childhood sun exposure 

influences risk of multiple sclerosis in monozygotic twins. 
Neurology. 2007 Jul 24;69(4):381-8.
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Multiple SclerosisWe can get a clue to that trigger by looking at identical twins and multiple sclerosis. Although their genes are identical, the identical twin that went out in the sun when young was much less likely to get multiple sclerosis than his or her identical twin. For example the adolescent identical twin who listened to the dermatologists, and avoided sun tanning, was 2.5 times more likely to later get MS than his/her identical sibling who ignored the dermatologists and tanned. (I predict similar studies will be published concerning identical twins in both autism and schizophrenia.) Islam T, Gauderman WJ, Cozen W, Mack TM. Childhood sun exposure influences risk of multiple sclerosis in monozygotic twins. Neurology. 2007 Jul 24;69(4):381-8.Childhood sun exposure influences risk of multiple sclerosis in monozygotic twins. AU Islam T; Gauderman WJ; Cozen W; Mack TM SO Neurology. 2007 Jul 24;69(4):381-8.     OBJECTIVE: To address the role of childhood sun exposure on the risk of multiple sclerosis (MS) after controlling for genetic susceptibility, we investigated the association between sun exposure and MS comparing disease-discordant monozygotic (MZ) twins. METHOD: Twins with MS were sought by yearly newspaper advertisements throughout North America from 1980 to 1992. Diagnosis was verified by updated medical documentation through 2005. This analysis was restricted to 79 disease- and exposure-discordant monozygotic twin pairs who had ranked themselves before 1993 in relation to each of nine childhood sun exposure activities. A sun exposure index (SI) was defined as the sum of those exposures for which one twin ranked higher than his or her co-twin. The SI difference within each twin pair was calculated by subtracting the SI value of the affected twin from the SI value of the unaffected twin (range -9 to +9). The results were then analyzed using conditional logistic models. Result: Each of the nine sun exposure-related activities during childhood seemed to convey a strong protection against MS within MZ twin pairs. Depending on the activity, the odds ratio (OR) ranged from 0.25 to 0.57. For example, the risk of subsequent MS was substantially lower (OR 0.40, 95% CI 0.19 to 0.83) for the twin who spent more time suntanning in comparison with the co-twin. For each unit increase in SI, the relative risk of MS decreased by 25%. CONCLUSION: Early sun avoidance seems to precede the diagnosis of multiple sclerosis (MS). This protective effect is independent of genetic susceptibility to MS.   AD Department of Preventive Medicine,University of Southern California, Los Angeles, CA, USA. PMID 



Epidemic influenza and vitamin D  
(104 subjects) Epidemiol Infect 2007; 135:1095–1096. 
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Epidemic influenza and vitamin D. Epidemiol Infect 2007; 135:1095–1096. (Reproduced with permission, Cambridge UniversityPress).Prevention of respiratory infection and fluof reported cold/influenza symptoms according toIncidence of reported cold/influenza symptomsaccording to season. The 104 subjects in the placebogroup (light shade) reported cold and flu symptoms yeararound with the most symptoms in the winter. While on 800IU per day (intermediate shade) the 104 test subjects wereas likely to get sick in the summer as the winter. Only one ofthe 104 test subjects had cold/influenza symptoms during thefinal year of the trial, when they took 2,000 IU of vitamin Dper day (dark shading). Adapted from: Aloia JF, Li-Ng M:As for the evidence that vitamin D decreases respiratory infections, Wayse et al compared 80 children with lower respiratory infections to healthy controls and found children with the lowest 25(OH)D levels were eleven times more likely to become infected.   Furthermore, sixty thousand IU of vitamin D a week administered for six weeks to 27 children suffering from frequent respiratory infections resulted in a complete disappearance of such infections for the following six months.��Wayse V, Yousafzai A, Mogale K, Filteau S. Association of subclinical vitamin D deficiency with severe acute lower respiratory infection in Indian children under 5 y. Eur J Clin Nutr 2004;58:563-567.��Rehman PK. Sub-clinical rickets and recurrent infection. J Trop Pediatr 1994;40:58.How Vitamin D Boosts Immune Function and Suppresses InflammationFlu viruses (including swine flu) induce a massive inflammatory response that can kill the victim. In other words, it is not the virus that often kills, but the body’s hyper-reaction to the virus—in the form of uncontrolled over-production of pro-inflammatory cytokines. Vitamin D down-regulates the expression of pro-inflammatory cytokines such as tumor necrosis factor-alpha. [39]As people age, they often over-express these same destructive pro-inflammatory cytokines. The result is chronic low-level inflammation that damages aging arteries, joints, and neurons[40-44]. By down-regulating excess pro-inflammatory cytokine production, vitamin D could save the lives of those stricken with acute influenza, or the dozens of inflammatory diseases that afflict millions of aging Americans each year.Antimicrobial peptides are components of the immune system that protect against bacterial, fungal and viral infections. Secreted by immune cells throughout the body, antimicrobial peptides damage the outer lipid membrane of infectious agents (including influenza viruses), rending them vulnerable to eradication.Recent studies confirm that vitamin D dramatically up-regulates the expression of these antimicrobial peptides in immune cells[45]. We now have a definitive biological mechanism to explain why vitamin D confers such dramatic protection against common winter illnesses.39. Peterson CA, Heffernan ME. Serum tumor necrosis factor-alpha concentrations are negatively correlated with serum 25(OH)D concentrations in healthy women. J Inflamm (Lond). 2008 Jul 24;5:10.45. Schauber J, Dorschner RA, Coda AB, et al. Injury enhances TLR2 function and antimicrobial peptide expression through a vitamin D-dependent mechanism. J Clin Invest. 2007 Mar;117(3):803-11.



Pearls



Pearls: 1
Testing: Use 25-OH vitamin D 
Conversion: 
ng/mL to nmol/L – multiply by 2.496 
nmol/L to ng/mL – divide by 2.496 

Supplementation: D3 (cholecalciferol) 
is better  absorbed and utilized than D2 
(ergocalciferol, an irradiated plant 
sterol source). 



But at a minimum, testing 
should be done on patients 
with or at increased risk for: 

•Prostate, breast, colon, 
& ovarian cancer 
•Hypertension 
•Schizophrenia 
•Depression 
•PCOS 
•Migraine 
•Epilepsy 
•Osteoarthritis
•Diabetes (types 1 & 2) 
•Fibromyalgia  

•Autoimmune conditions 
such as SLE, 
ankylosing spondylitis, 
MS, RA 
•Osteoporosis/
osteopenia
Patients with symptoms of: 

•Musculoskeletal pain 
and low back pain 
•Muscle weakness and 
loss of balance 
•Systemic inflammation

Testing can easily be justified in all patients given 
the prevalence of deficiency.  



Resources
 Vitamin D council: http://www.vitamindcouncil.org/
 T he New England Journal of Medicine July 19, 2007. 

Progress: Vitamin D Deficiency. Michael F. Holick, 
M.D., Ph.D.
 N Engl J Med 2007;357:266-81.
 Address reprint requests to Dr. Holick at Boston 

University School of Medicine, 715 Albany St., M-1013, 
Boston, MA 02118, or at mfholick@bu.edu.

 Cell Defenses and the Sunshine Vitamin  By Luz E. 
Tavera-Mendoza and John H. White Scientific 
American Magazine November 2007 
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Pearls: Vitamin D supplementation
 Cautions with vitamin D supplementation – the 

following  predispose to hypercalcemia : 
 Granulomatous disease, 
 sarcoidosis, 
 hydrochlorothiazide  Rx

Check serum calcium before starting high dose 
Vitamin D. Toxicity may occur if serum calcium  
is elevated. 
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Nefrologia. 2003;23 Suppl 2:73-7.[Review of the concept of vitamin D "sufficiency and insufficiency"][Article in Spanish]Gómez Alonso C, Naves Díaz M, Rodríguez García M, Fernández Martín JL, Cannata Andía JB.Servicio de Metabolismo Oseo y Mineral, Instituto Reina Sofía de Investigación, Hospital Universitario Central de Asturias, Universidad de Oviedo, Oviedo. cgomez@hca.esThere has been a poor consensus in defining normal levels of 25(OH) D. It has been traditionally recognized that 25(OH)D serum levels below 5-7 ng/ml induce osteomalacia, serum levels below 10-12 ng/ml induce secondary hyperparathyroidism and osteoporosis, and serum levels above 18-20 ng/ml are usually considered normal or adequate. Due to the results obtained in several studies, a more functional classification has recently been proposed defining serum 25(OH)D levels 40 ng/ml or > 100 nmol/l as "desirable", serum levels between 20 and 40 ng/ml or 50 and 100 nmol/l as hypovitaminosis D, levels between 10 and 20 ng/ml or 25 and 50 mmol/l as vitamin D insufficiency and 25(OH)D levels below 10 ng/ml or 25 nmol/l as deficient. These new cut-off levels, suggest that, in the past, we had been using a wrong statistical approach for defining "normal serum 25(OH)D levels". In agreement with this new classification, in a recent study conducted in a random sample of our population, a high prevalence of low levels of 25(OH)D and secondary hyperparathyroidism was found. In our study, only in those people having "excellent" renal function, representing only 15% of the sample (serum creatinine < 1 mg/dl in men and < 0.8 in women, mean age of 68 years) hyperparathyroidism was not diagnosed despite observing 25(OH)D serum levels around 18-30 ng/ml or 45-75 nmol/l). In the remaining people (85% of the sample), who showed the expected serum creatinine increments according to their age, secondary hyperparathyroidism was avoided only if the serum 25(OH)D levels were higher than 30 ng/ml or 75 nmol/l. These remarkable findings demonstrate the importance of maintaining higher 25(OH)D levels--in addition to normal calcitriol levels--in order to avoid stimulation of the parathyroid gland. In 87 patients with a functioning renal transplantation only a 11.5% of they had levels of 25(OH)D higher than 30 ng/ml and it was correlated with PTH. These remarkable findings demonstrate the importance of maintaining higher 25(OH)D levels--in addition to normal calcitriol levels--in order to avoid stimulation of the parathyroid gland in aged people. Thus, the deficiency or even "subtle deficiency" of 25(OH)D, currently neglected in the daily management of patients with chronic renal failure, may play an important role in the maintenance of hormonal and mineral homeostasis.PMID: 12778859 [PubMed - indexed for MEDLINE]



Vitamin D Toxicity: 1948 report
 10 patients with Vitamin D intoxication, Dosage prescribed for 

arthritis ranged from 150,000 IU/day to 600,000 IU/day 
 clinical toxicity resulted in 2 to 18 months
 weight loss, malaise and fatigue, followed by anorexia, nausea 

and vomiting.
 high blood calcium: 12.4 - 15 mg/dL—anemia; kidney 

impairment
 Seven of the ten patients insisted their arthritis was improved by 

Vitamin D toxicity and most complained their arthritis returned 
several months after withdrawal of Vitamin D,
 1948 paper from Johns Hopkins: J Clin Endocrinol Metab. 1948 

Nov;8(11):895-910. Intoxication with vitamin D.HOWARD JE, 
MEYER RJ. PMID: 18101618
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Vitamin D ToxicityThis 1948 paper from Johns Hopkins is remarkable for the dosage the doctors prescribed for arthritis and for the toxicity those doses sometimes caused. In their series of 10 toxic patients, the dose ranged from a low to 150,000 IU/day to a high of 600,000 IU/day and it took anywhere from 2 to 18 months for these daily doses to cause clinical toxicity. Clinical toxicity was manifested by weight loss, malaise and fatigue, followed by anorexia, nausea and vomiting. (Note, if you have these symptoms, you are not vitamin D toxic unless you are taking at least 50,000 IU per day for many months, in which case you have not understood anything I have ever written.) All toxic patients in the above paper had high blood calcium, anywhere from 12.4 to 15 mg%, and 9 of 10 were anemic; all had evidence of kidney impairment. The two bone biopsies were both normal. Seven of the ten patients insisted their arthritis was improved by Vitamin D toxicity and most complained their arthritis returned several months after withdrawal of Vitamin D; return of said arthritic complaints coincided closely with the return to normal of blood calcium.  German and British Children, Vitamin D and Long Ago 
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Vitamin D Rx of all infants in East 
Germany: 1955 to 1990: Slide 1
 Infants received 600,000 IU of Vitamin D every three 

months for a total of 3,600,000 IU at age 18 months.
 average of 6,000 IU per day

 Before the first dose, at 3 months of age, the average 
infant was extremely deficient (median 25(OH)D of 7 
ng/ml)

 Two weeks after the first dose the average 25(OH)D 
level was 120 ng/ml, the second dose 170 ng/ml, the 
third dose, 180 ng/ml, the fourth dose, 144 ng/ml, the 
fifth dose, 110 ng/ml and after the sixth and final dose, 
3.6 million total units, at age 18 months, the children 
had mean levels of 100 ng/ml.

Presenter
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From 1955 to 1990, all infants in East Germany received 600,000 IU of Vitamin D every three months for a total of 3,600,000 IU at age 18 months.The policy was in place for 35 years. The first 600,000 IU dose was given at three months and then every three months until the child was 18 months of age. This works out to an average of 6,000 IU per day (actually, for several technical reasons it is not equivalent) for 18 months. The authors collected blood before the dose and then 2 weeks after the quarterly dose to obtain 25(OH)D, 1,25(OH)D, and calcium levels on a total of 43 infants. Before the first dose, at 3 months of age, the average infant was extremely deficient (median 25(OH)D of 7 ng/ml). Two weeks after the first dose the average 25(OH)D level was 120 ng/ml, the second dose 170 ng/ml, the third dose, 180 ng/ml, the fourth dose, 144 ng/ml, the fifth dose, 110 ng/ml and after the sixth and final dose, 3.6 million total units, at age 18 months, the children had mean levels of 100 ng/ml. That is, by the 15 and 18 month doses, the children were beginning to effectively handle these massive doses. The highest level recorded in any of the 43 infants was 408 ng/ml at age 9 months, two weeks after the third 600,000 IU dose. Thirty-four percent of the infants had at least one episode of hypercalcemia but only 3 had an elevated serum 1,25(OH)D. The authors reported that “all the infants appeared healthy,” even the infant with a level of 408 ng/ml, that is, no clinical toxicity was noted in any of these infants. They also reported that “repeated inquires in GDR have failed to identify clinical Vitamin D toxicity as a result of the prophylactic program.” The pediatricians and health officials in the GDR just did not look hard enough for toxicity as such doses will certainly cause clinical toxicity, right? Or maybe such doses only cause asymptomatic hypercalcemia and not clinical toxicity. It would be interesting to look at the infant mortality in East Germany during those years, compared to similar Eastern European countries, as well as current cohorts of German adults who underwent such treatment as an infant.
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Vitamin D Rx of all infants in East 
Germany From 1955 to 1990: Slide 2
Thirty-four percent of the infants had at least one 
episode of hypercalcemia but only 3 had an elevated 
serum 1,25(OH)D. 
The authors reported that “all the infants appeared 
healthy,” even the infant with a level of 408 ng/m
No clinical toxicity was noted in any of these infants.
No study has been done of morbidity or mortality of 
these children. 

 Am J Clin Nutr. 1987 Oct;46(4):652-8. Intermittent high-
dose vitamin D prophylaxis during infancy: effect on 
vitamin D metabolites, calcium, and phosphorus. 
Markestad T, et al. PMID: 3499065 
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The highest level recorded in any of the 43 infants was 408 ng/ml at age 9 months, two weeks after the third 600,000 IU dose. Thirty-four percent of the infants had at least one episode of hypercalcemia but only 3 had an elevated serum 1,25(OH)D. The authors reported that “all the infants appeared healthy,” even the infant with a level of 408 ng/ml, that is, no clinical toxicity was noted in any of these infants. They also reported that “repeated inquires in GDR have failed to identify clinical Vitamin D toxicity as a result of the prophylactic program.” The pediatricians and health officials in the GDR just did not look hard enough for toxicity as such doses will certainly cause clinical toxicity, right? Or maybe such doses only cause asymptomatic hypercalcemia and not clinical toxicity. It would be interesting to look at the infant mortality in East Germany during those years, compared to similar Eastern European countries, as well as current cohorts of German adults who underwent such treatment as an infant.
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The Great Vitamin D Panic
 Affected subsequent U.S. Food and Nutrition Board (FNB) 

Vitamin D recommendation  for 50 yrs after England had a 
“.”it of hysteria,

 Williams syndrome is a genetic malformation that causes, 
among other things, infantile hypersensitivity to Vitamin 
D, elevated 1,25 levels even without supplemental Vitamin 
D, and often hypercalcemia in response to supplemental 
Vitamin D

 Great Britain reduced infant supplementation by one-half 
in 1957, expecting to see a reduction in infantile 
hypercalcemia (7.2 cases per month in the country)

 in 1959, the incidence of infantile hypercalcemia in Great 
Britain was essentially unchanged (6.8 cases per month)
 Br Med J. 1964 Jun 27;1(5399):1659-61.INFANTILE 

HYPERCALCAEMIA, NUTRITIONAL RICKETS, AND INFANTILE 
SCURVY IN GREAT BRITAIN. A BRITISH PAEDIATRIC 
ASSOCIATION REPORT. SAMUEL HS.PMID: 14147742 
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Fifty years ago, Great Britain laid the foundation for every subsequent U.S. Food and Nutrition Board (FNB) Vitamin D recommendation when England had a fit of hysteria, the "Great Vitamin D Panic."Two years after Great Britain halved its Vitamin D dose for infants, due to the “Great Vitamin D Panic,” the incidence of infantile hypercalcemia was unchanged. Fifty years ago, Great Britain laid the foundation for every subsequent U.S. Food and Nutrition Board (FNB) Vitamin D recommendation when England had a fit of hysteria, the “Great Vitamin D Panic.” Professor Bruce Hollis wrote about this scare in some detail in a 2004 paper, and how the British panic affected the American FNB. He also details the role the Williams syndrome played in the “Great Vitamin D Panic.” Williams syndrome is a genetic malformation that causes, among other things, infantile hypersensitivity to Vitamin D, elevated 1,25 levels even without supplemental Vitamin D, and often hypercalcemia in response to supplemental Vitamin D. (In fact, it was by studying the Williams Syndrome that I became more convinced of the relationship of Vitamin D to autism. Kids with the Williams syndrome, the only human disease with greatly elevated serum 1,25 levels around birth, grow up to have an adult personality that is the phenotypic opposite of autism, thus they are an experiment of nature.) Anyway, in the midst of the panic, Great Britain reduced infant supplementation by one-half in 1957, expecting to see a reduction in infantile hypercalcemia (7.2 cases per month in the country). It did not. Two years later, in 1959, the incidence of infantile hypercalcemia in Great Britain was essentially unchanged (6.8 cases per month.) However, by 1961, the reported incidence was apparently halved to 3 cases per month. The British Paediatric Association concluded “it remains speculative whether the decrease in hypercalcemia by 1961 is a consequence of reduced Vitamin D intake” because it was “not chronologically related to the reduction of Vitamin D intakes introduced in 1957.” It seems likely that what happened was this. The “Great Vitamin D Panic” began in the early 1950s and British pediatricians began drawing lots of blood calcium levels on their infant patients, fearful they were toxic. They kept drawing frequent blood calcium levels and thus detecting high baseline blood calcium levels until 1960 when the “Great Vitamin D Scare” ebbed and they drew fewer and fewer infantile blood calcium levels. Thus fewer high baseline levels were detected and by 1961 fewer British infants diagnosed with high blood calcium. It was simply due to fewer blood tests ordered for calcium; it had nothing to do with Vitamin D.
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Led astray by Narang’s 1984 Paper 
 Six subjects with hypercalcemia who reportedly 

consumed increasing amounts of vitamin D, with 
the highest dose at 3800 IU (95 µg) per day, for up 
to six months.

 The old Narang data suggest error on technical 
grounds: i.e. the hypercalcemia suggests that 
Narang, et al, did not confirm the accuracy of 
vitamin D doses given, and the doses were 
probably many times higher than they thought
 Narang NK, Gupta RC, Jain MK J Assoc Physicians India. 1984 

Feb;32(2):185–8.
 Although reports of the safety of higher, physiologic doses 

of vitamin D were available, the FNB instead chose to rely 
solely upon the data from the Narang study to support their 
current toxicity levels (LOAEL of 3800 IU)
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Narang NK, Gupta RC, Jain MK J Assoc Physicians India. 1984 Feb;32(2):185–8.Narang, et al's, 1984 paper may have done the most damage to the most people of any paper on vitamin D in the world's literature. The authors wrote about six subjects with hypercalcemia who reportedly consumed increasing amounts of vitamin D, with the highest dose at 3800 IU (95 µg) per day, for up to six months. The old Narang data suggest error on technical grounds: i.e. the hypercalcemia suggests that Narang, et al, did not confirm the accuracy of vitamin D doses given, and the doses were probably many times higher than they thought—there is no other explanation for this.But the real problem here is with the Food and Nutrition Board. For although several reports (dated prior to 1995) of the safety of higher, physiologic doses of vitamin D were available, the FNB instead chose to rely solely upon the data from the Narang study to support their current toxicity levels (LOAEL of 3800 IU). Those specious toxicity levels have prevented millions of people from obtaining adequate vitamin D3 nutrition ever since.



Adams & Lee: Misinformation  of toxic levels
 Four patients with were taking dietary supplements with an 

"unadvertised" high level of vitamin D. 
 Accompanied by an editorial expressing "a word of caution" about 

vitamin D. 
 Three cases appeared to be industrial type poisoning 

with vitamin D, probably from errors in the 
manufacturing of the supplements. 
 The fourth patient misdiagnosed. Had hypercalcuria but only 

had a 25(OH)D level of 140 nM/L (56 ng/mL). In addition, her 
calcium to creatinine urinary ratio remained unchanged even 
after her 25(OH)D levels fell to low, "normal" values, 
indicating that her hypercalcuria was from another cause.

 The upper limit of Adams and Lee's reference lab (140 nM/L or 
56 ng/mL)

 Adams JS, Lee G Ann Intern Med. 1997 Aug 1;127(3):203–6.
 Except for the report of Adams and Lee, all toxicosis from 

vitamin D reported in the world literature has been associated 
with serum 25(OH)D levels of more than 200 nM/L (80 ng/mL).

Presenter
Presentation Notes
Adams JS, Lee G Ann Intern Med. 1997 Aug 1;127(3):203–6.Adams and Lee presented four patients with hypercalcuria in the prestigious Annals of Internal Medicine who were taking dietary supplements with an "unadvertised" high level of vitamin D. Their paper was accompanied by an editorial expressing "a word of caution" about vitamin D. Three of the four cases appeared to be industrial type poisoning with vitamin D, probably from errors in the manufacturing of the supplements. The fourth patient also had hypercalcuria but only had a 25(OH)D level of 140 nM/L (56 ng/mL). In addition, her calcium to creatinine urinary ratio remained unchanged even after her 25(OH)D levels fell to low, "normal" values, indicating that her hypercalcuria was from another cause.Besides misdiagnosing the fourth patient, the main problem with the paper is the authors' definition of toxic 25(OH)D levels. The authors simply assumed that the upper limit of their reference lab (two standard deviations) meant toxic 25(OH)D levels. This is false and reflects the ignorance that surrounds vitamin D toxicity. The upper limit of Adams and Lee's reference lab (140 nM/L or 56 ng/mL) simply reflects the Normal or Gaussian distribution of 25(OH)D levels for that lab at that latitude and those levels are often achieved in sun–exposed populations. Except for the report of Adams and Lee, all toxicosis from vitamin D reported in the world literature has been associated with serum 25(OH)D levels of more than 200 nM/L (80 ng/mL).Am J Clin Nutr. 1999 May;69(5):842-56.
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Vitamin D from Food

 A small 3½

 The average U.S. adult intake of vitamin D is 
230 IUs daily, according to a study reported in 
the journal Nutrition Reviews.

 Bruce Hollis, professor of pediatrics at the 
Medical University of South Carolina, calls the 
usual supplement of 400 IU a day “a joke”. 
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The average U.S. adult intake of vitamin D is 230 IUs daily, according to a study reported in the journal Nutrition Reviews.



Food Sources Vitamin D
 Apart from fish and milk, there is very little Vitamin D in 

food.  Cheese, yogurt, ice cream, butter, etc. do not contain 
significant amounts of Vitamin D.

 saltwater fish
 Wild salmon have more than twice the vitamin D content of 

other fish
 farmed salmon have 1/4th of wild

 egg yolks
 cod liver oil
 fortified foods include milk, orange juice, cereal, butter, & 

chocolate mixes.
 1/3 of milk samples contains none or less than stated on the label

 shitake mushrooms (natural source of D2)
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Dietary vitamin D sources are saltwater fish, egg yolks, and cod liver oil. Fortified foods include milk, orange juice, cereal, butter, & chocolate mixes. FPN4/15/06p51 The major dietary source of vitamin D by far is fish.  Wild salmon have more than twice the vitamin D content of other fish; farmed salmon have 1/4th of wild. BostonU(Lu Z et al 2007).Sun Exposure



Food sources of Vit D
Food IUs per serving
Cod liver oil, 1 tablespoon 1,360

Salmon (sockeye), cooked, 3 ounces 794

Mushrooms that have been exposed to ultraviolet light to 
increase vitamin D, 3 ounces (not yet commonly available)

400

Mackerel, cooked, 3 ounces 388

Tuna fish, canned in water, drained, 3 ounces 154

Milk, nonfat, reduced fat, and whole, vitamin D-fortified, 1 
cup 

115-124

Orange juice fortified with vitamin D, 1 cup (check product 
labels, as amount of added vitamin D varies)

100

Yogurt, fortified with 20% of the DV for vitamin D, 6 ounces 
(more heavily fortified yogurts provide more of the DV)

80

Liver, beef, cooked, 3.5 ounces 46

Egg, 1 whole (vitamin D is found in yolk) 25
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Vitamin D from sun exposure
 Judiciously expose as much skin as possible to direct

midday sunlight for 1/4 the time it takes for the
skin to turn pink, during those months when the
proper ultraviolet light occurs at their latitude (usually
late spring, summer and early fall). Produces 10,000-
15,000 units per day.
 For a caucasian, this might mean only 5-10 minutes daily
 After this, put on UVA/UVB blocking sunscreen if you plan to

remain outside.
 Do not try to get a tan.
 Do not get sunburned. Vitamin D production is 

already maximized before your skin turns pink and 
further exposure does not increase levels of vitamin D 
but may increase your risk of skin cancer.

 Black persons may need 5-10 x longer in the 
sun than whites, depending on skin type. 

 Topical application of an SPF of 8 will reduce the 
cutaneous production of Vitamin D3 by 97.5%; SPF 15 
blocks 99%



To Sun or Not to Sun
 Not to sun—the American Academy of Dermatology Position 

[http://www.aad.org/media/background/factsheets/fact_vitamind.htm]
 “Substantially more than 1 million cases of skin cancer are diagnosed 

in the United States every year.”
 “UV rays can cause premature aging of the skin and skin cancer. There 

is significant scientific evidence to support this fact, which is why the 
International Agency of Research on Cancer classifies UV radiation from 
the sun and tanning devices as a known carcinogen (cancer-causing agent). 
UV exposure also can lead to cataracts and suppressed immune responses.”

 “The number of diagnosed cases of skin cancer continues to increase.
Current estimates are that one in five Americans will develop skin cancer 
during his or her lifetime.”

 “One person dies from melanoma, the most serious form of skin 
cancer, almost every hour in the United States.2 Melanoma is the No. 1 
cancer for young adults 25-29 years old and the second-most-common 
cancer for adolescents and young adults 15-29 years old.5 At current rates, a 
person has a one in 58 chance of developing melanoma during his or her 
lifetime.”

 Dr.  Gilchrest, dermatologist at Boston U: "Any individual or organization 
that advocates intentional sun exposure as the preferred means of 
producing vitamin D is doing a tremendous disservice to the public.“
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Godar DE, Landry RJ, Lucas AD.  Increased UVA exposures and decreased cutaneous Vitamin D(3) levels may be responsible for the increasing incidence of melanoma.  Med Hypotheses.  2009 Apr;72(4):434-43. Ironically, sunscreens appear to dramatically increase the risk of melanoma, probably by increasing the amount of time one spends in the sun.  Until recently, sunscreens only blocked vitamin D producing UVB and let UVA through.  That is, the sunscreen-promoting dermatologists many be partially responsible for melanoma epidemic.Dermatologist Barbara A. Gilchrest, M.D., professor and chair of the department of dermatology at Boston University School of Medicine and co-author with Dr. Deon Wolpowitz of the article "The vitamin D questions: How much do you need and how should you get it?" advises the public to turn to vitamin D fortified foods and nutritional supplements instead of unprotected sun exposure to assure adequate levels of vitamin D, a hormone critical for maintaining good bone and muscle health and recently suggested to have other health benefits, largely on the basis of epidemiologic associations. "Any individual or organization that advocates intentional sun exposure as the preferred means of producing vitamin D is doing a tremendous disservice to the public," said Dr. Gilchrest. "Ultraviolet (UV) radiation is a known carcinogen that is responsible for photoaging and for well over 1 million skin cancers each year in the U.S. While some researchers and professional groups are now questioning whether higher vitamin D levels should be recommended for optimal health, no responsible group or individual is advocating UV exposure as a remedy. Dr. Wolpowitz and I hope that this detailed review will put to rest these erroneous claims that sunlight is somehow good medicine."SCharlotte Gollobin"A few studies made headlines by inaccurately portraying sunscreen as a common cause of vitamin D deficiency in healthy individuals," explained Dr. Gilchrest. "On the contrary, research shows that even if properly applied, sunscreens by definition do not completely block UVB, the portion of sunlight responsible for vitamin D production. An SPF-15 product allows at least 1/15th or seven percent of the sun's effective rays to penetrate the skin. In effect, regular sunscreen use does not cause vitamin D deficiency or insufficiency."



To Sun or Not to Sun
 To Sun (judiciously, not tanning or burning)

 Intermittent and occupational sun exposure has been found 
to reduce the risk of malignant melanoma. Holick M. British 
Medical Journal 2008; 336:1318–1319

 A history of severe sunburn with blistering was associated 
with nearly 3-fold melanoma risk among poor tanners (OR = 
2.9) but was protective among good tanners (OR = 0.79). 
Environ Health Perspect. 1989 May; 81: 139–151

 Ironically, sunscreens appear to dramatically increase 
the risk of melanoma, probably by increasing the 
amount of time one spends in the sun.  Until recently, 
sunscreens only blocked vitamin D producing UVB and 
let UVA through.  That is, the sunscreen-promoting 
dermatologists many be partially responsible for 
melanoma epidemic. Godar DE, Landry RJ, Lucas AD.  
Increased UVA exposures and decreased cutaneous Vitamin D(3) 
levels may be responsible for the increasing incidence of 
melanoma.  Med Hypotheses.  2009 Apr;72(4):434-43.
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"Notably, non-melanoma skin cancers occur on the most sun exposed areas, such as the face and hands, whereas most melanomas occur on the areas least exposed to the sun [2]. Intermittent and occupational sun exposure has been found to reduce the risk of malignant melanoma [2–5]." 1. Holick M. Deficiency of sunlight and vitamin D. British Medical Journal 2008; 336:1318–1319A history of severe sunburn with blistering was associated with nearly 3-fold risk among poor tanners (OR = 2.9) but was protective among good tanners (OR = 0.79). Environ Health Perspect. 1989 May; 81: 139–151. PMCID: PMC1567515Copyright notice Research ArticleSun exposure and malignant melanoma among susceptible individuals.N Dubin, M Moseson, and B S PasternackLaboratory of Epidemiology and Biostatistics, New York University Medical Center, NY 10010.This article has been cited by other articles in PMC.AbstractThe purpose of this case-control study was to identify susceptible subgroups, primarily based on pigmentary characteristics, at higher risk of developing melanoma when exposed to the sun. The study group, which was interviewed from 1979 to 1982, consisted of 289 consecutive patients with melanoma and 527 randomly selected controls without cancer. In general, the risk of melanoma associated with sun exposure was greater for individuals expected to be susceptible on the basis of poor ability to tan, but not other pigmentary traits. There were, in addition, some noteworthy interactions between age and sun exposure. Among subjects with poor tanning ability, the risk of melanoma associated with outdoor occupation was more than 3-fold [odds ratio (OR) = 3.3] compared to indoor occupation. In contrast, the analogous OR was much less elevated among subjects with a good ability to tan (OR = 1.5). Mixed indoor and outdoor job exposure was protective among good tanners (OR = 0.80), but not among poor tanners (OR = 1.5). A similar pattern was seen for recreational sun exposure and, when applying multiple logistic regression, for the patient's overall subjective assessment of his lifetime sun exposure. However, quantitative assessment of average hours of sun exposure did not prove to be a good indicator of melanoma risk, even among susceptible individuals. A history of severe sunburn with blistering was associated with nearly 3-fold risk among poor tanners (OR = 2.9) but was protective among good tanners (OR = 0.79). A history of nonmelanoma skin cancer or solar keratosis was a very strong risk factor (OR = 7.3), which, however, did not significantly differ in magnitude among susceptibility subgroups.These references are in PubMed. This may not be the complete list of references from this article. Elwood JM, Hislop TG. Solar radiation in the etiology of cutaneous malignant melanoma in Caucasians. Natl Cancer Inst Monogr. 1982;62:167–171. [PubMed]Lee JA. Melanoma and exposure to sunlight. Epidemiol Rev. 1982;4:110–136. [PubMed]Pearl DK, Scott EL. The anatomical distribution of skin cancers. Int J Epidemiol. 1986 Dec;15(4):502–506. [PubMed]Holman CD, Armstrong BK, Heenan PJ. Relationship of cutaneous malignant melanoma to individual sunlight-exposure habits. J Natl Cancer Inst. 1986 Mar;76(3):403–414. [PubMed]Elwood JM, Gallagher RP, Hill GB, Pearson JC. Cutaneous melanoma in relation to intermittent and constant sun exposure--the Western Canada Melanoma Study. Int J Cancer. 1985 Apr 15;35(4):427–433. [PubMed]Green AC, O'Rourke MG. Cutaneous malignant melanoma in association with other skin cancers. J Natl Cancer Inst. 1985 May;74(5):977–980. [PubMed]Graham S, Marshall J, Haughey B, Stoll H, Zielezny M, Brasure J, West D. An inquiry into the epidemiology of melanoma. Am J Epidemiol. 1985 Oct;122(4):606–619. [PubMed]Lew RA, Sober AJ, Cook N, Marvell R, Fitzpatrick TB. Sun exposure habits in patients with cutaneous melanoma: a case control study. J Dermatol Surg Oncol. 1983 Dec;9(12):981–986. [PubMed]Sorahan T, Grimley RP. The aetiological significance of sunlight and fluorescent lighting in malignant melanoma: a case-control study. Br J Cancer. 1985 Nov;52(5):765–769. [PubMed]MacKie RM, Aitchison T. Severe sunburn and subsequent risk of primary cutaneous malignant melanoma in scotland. Br J Cancer. 1982 Dec;46(6):955–960. [PubMed]Klepp O, Magnus K. Some environmental and bodily characteristics of melanoma patients. A case-control study. Int J Cancer. 1979 Apr 15;23(4):482–486. [PubMed]Dubin N, Moseson M, Pasternack BS. Epidemiology of malignant melanoma: pigmentary traits, ultraviolet radiation, and the identification of high-risk populations. Recent Results Cancer Res. 1986;102:56–75. [PubMed]Green A, Siskind V, Bain C, Alexander J. Sunburn and malignant melanoma. Br J Cancer. 1985 Mar;51(3):393–397. [PubMed]Holman CD, Armstrong BK. Cutaneous malignant melanoma and indicators of total accumulated exposure to the sun: an analysis separating histogenetic types. J Natl Cancer Inst. 1984 Jul;73(1):75–82. [PubMed]MANTEL N, HAENSZEL W. Statistical aspects of the analysis of data from retrospective studies of disease. J Natl Cancer Inst. 1959 Apr;22(4):719–748. [PubMed]Holman CD, Armstrong BK, Evans PR, Lumsden GJ, Dallimore KJ, Meehan CJ, Beagley J, Gibson IM. Relationship of solar keratosis and history of skin cancer to objective measures of actinic skin damage. Br J Dermatol. 1984 Feb;110(2):129–138. [PubMed]Stallones RA. The use and abuse of subgroup analysis in epidemiological research. Prev Med. 1987 Mar;16(2):183–194. [PubMed]Articles from Environmental Health Perspectives are provided here courtesy of National Institute of Environmental Health ScienceEnviron Health Perspect. 1989 May; 81: 139–151. PMCID: PMC1567515. Sun exposure and malignant melanoma among susceptible individuals. N Dubin, M Moseson, and B S Pasternack



Vitamin D Supplementation
 Use D3 (cholecalciferol) rather than D2 (ergocalciferol) 
 For  correcting deficiency: Dosages should reflect 

physiologic requirements and natural endogenous production 
and should be in the range of 2,000-10,000 units per day 
 Supplementation should  be continued for 3-9 months 
 Vitamin D levels do not plateau until 3-4 months. 
 Most studies of Vitamin D supplementation have been 

flawed due to insufficient therapeutic intervention 
 Vitamin D levels should be monitored to assess 

effectiveness of therapy, by measuring Vitamin D 25 
hydroxy

 Vitamin D1,25 levels do not reflect body stores of 
Vitamin D

 Supplements should be used that have been tested for 
potency
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Bruce Hollis, professor of paediatrics at the Medical University of South Carolina, calls 400 IU a day “a joke”. That’s because the best research suggests that to achieve the higher vitamin D blood levels associated with disease prevention, most adults in the US would need to take 1,000-2,000 IU a day: five to 10 times more than the current official recommendation for adults.Infants and children: breast fed infants need 1,000 IU per day, bottle fed infants an extra 600 IU per day.  Children generally need about 1,000 IU for every 25 pounds of body weight.  So a 75 pound nine-year-old needs about 3,000 IU per day.  This is in the absence of significant sun-exposure, that is, they don't need to take it in the summer if they spend time outside without sunblock.  However, tremendous individual variation exists in 25(OH)D response to vitamin D.



Ergocalciferol (D2) 
 Prescriptions available in North America made 

exclusively with vitamin D2
 D2 produced by irradiating yeast with UV light. 
 D2 used in the fortification of milk and other foods 

 Vitamin D3 preferable to Vitamin D2
 D2 has a shorter shelf life
 D2 has a reduced affinity for Vit D binding protein
 D2 increases vitamin D catabolism
 D2 not measured on some lab tests
 D3 is considerably more potent (3-9 times)
 D3 has a longer ½ life

 Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a 
vitamin supplement. Am J Clin Nutr 2006;84:694-7.  Armas LAG, et al. 
Vitamin D2 is much less effective than vitamin D3 in humans. J Clin
Endocrinol Metab 2004;89:5387-91.
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If you take ergocalciferol, or "vegetarian vitamin D", be warned. Ergocalciferol is not vitamin D, but a vitamin D-like patent drug whose patent has expired. It does not normally occur in the human body and is probably a weak agonist at the receptor site, meaning it may actually partially block vitamin D actions. Ergocalciferol is the villain in most of the reported cases of toxicity in the world's literature. All bets are off in terms of measuring blood levels if you take ergocalciferol. Some of the labs can pick it up and some cannot.Vitamin D3 is Preferable to Vitamin D2 as a Nutritional Supplement Vitamin D3 (cholecalciferol) is the "natural" form of vitamin D for humans, since it is produced in the skin after sunlight exposure and is present in foods such as fish and eggs. However, prescription-strength vitamin D preparations available in North America are made exclusively with vitamin D2, a compound produced by irradiating yeast with ultraviolet light. Vitamin D2 is also the main form of vitamin D used in the fortification of milk and other foods. While vitamin D3 and vitamin D2 are both biologically active, there are important differences between them. A recent review article summarized these differences and concluded that vitamin D2 should no longer be used as a nutritional supplement or in food fortification.1 One of the differences between vitamin D3 and vitamin D2 is that the former is considerably more potent. These two forms of vitamin D have long been considered to be biologically equivalent and of equal potency, but that belief is based on an old and relatively insensitive measure of vitamin D activity: the capacity to prevent rickets in experimental animals. More recently, it has become clear that vitamin D3 is much more effective than vitamin D2 at raising the serum concentration of 25-hydroxyvitamin D (25-(OH)D) which is considered a reliable indicator of vitamin D status. In one study, while both types of vitamin D raised the serum 25-(OH)D concentration by the same amount initially, 25-(OH)D levels continued to rise for 14 days after vitamin D3 supplementation. In contrast, after vitamin D2 supplementation, initially elevated 25-(OH)D levels fell rapidly and were not different from baseline at 14 days. According to calculations based on the area under the serum 25-(OH)D concentration-time curve, vitamin D3 is at least 3.4 times as potent as vitamin D2, and may be as much as 9.4 times as potent.2 A second difference between vitamin D3 and vitamin D2 is in their metabolism. Vitamin D2 is metabolized in large part to 25-(OH)D2, which does not bind as efficiently to vitamin D binding protein in plasma as does the respective vitamin D3 metabolite, 25-(OH)D3. Consequently, the availability of vitamin D2 to some tissues may be lower than that of vitamin D3. Moreover, because of its reduced affinity for vitamin D binding protein, 25-(OH)D2 has a shorter half-life than 25-(OH)D3 does, which might explain the greater potency of vitamin D3. In addition to its lower bioactivity, vitamin D2 is less stable than vitamin D3, particularly on exposure to variations in temperature and humidity. Consequently, vitamin D2 has a shorter shelf life than vitamin D3. Because of its poor stability, vitamin D2 preparations might contain relatively high concentrations of toxic degradation products. Another problem associated with use of vitamin D2 supplements is that commonly used laboratory tests do not detect 25-(OH)D2 in the blood as efficiently as they detect 25-(OH)D3. These laboratory tests may therefore underestimate vitamin D status in patients being treated with vitamin D2, potentially leading to an unwarranted increase in the dosage and subsequent vitamin D toxicity. Because of the disadvantages associated with the use of vitamin D2, and considering that vitamin D3 is the form of vitamin D that occur naturally in humans, the authors of the review article argued that vitamin D3 should be used for routine vitamin D supplementation. They pointed out, however, that patients with hypoparathyroidism or other vitamin D-responsive conditions who are well controlled on high-dose vitamin D2 should probably not have their regimens changed. When switching from high-dose vitamin D2 to vitamin D3, it is important to remember that vitamin D3 is considerably more potent than vitamin D2. A 50,000-IU dose of vitamin D2 is roughly equivalent to 5,000 to 15,000 IU of vitamin D3. Failure to consider this difference in potency when using vitamin D3 in place of vitamin D2 could place the patient at risk of developing vitamin D toxicity. Because the relative potency of these two forms of vitamin D may differ substantially from one person to the next, patients being switched from vitamin D2 to vitamin D3 should have their serum 25-(OH)D level monitored until their optimal dosage is determined. That caveat does not apply to vitamin D3 doses of 2,000 IU per day or less, which are considered safe for the general population. References:1 Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin supplement. Am J Clin Nutr 2006;84:694-7.2 Armas LAG, et al. Vitamin D2 is much less effective than vitamin D3 in humans. J Clin Endocrinol Metab 2004;89:5387-91.REFERENCES:1 Fiscella, et al, Vitamin D, Race, and Cardiovascular Mortality: Findings From a National US Sample, Annals of Family Medicine, 2010; 8:11-18. 2 Armas, et al, Vitamin D2 is Much Less Effective than Vitamin D3 in Humans, The Journal of Clinical Endocrinology & Metabolism, 2004; 89(1):5387-5391. 3 Trang, et al, Evidence that vitamin D3 increases serum 25-hydroxyvitamin-D more efficiently than does vitamin D2, American Journal of Clinical Nutrition, 1998; 68:854-8.4 Kumar, et al, Prevalence and Associations of 25-Hydroxyvitamin D Deficiency in US Children: NHANES 2001-2004, Pediatrics, 2009; 124(3):362-370.



Vitamin D Supplementation
 For Maintenance (Persons with adequate Vitamin 

D levels)
 Adults without sun exposure should receive 

2000-3000 IUs of Vitamin D daily, possibly more
 Pregnant women without sun exposure should 

receive  2000-3000 IUs of Vitamin D daily, 
possibly more

 Infant should receive 1000 units daily and older 
children 200o units daily

 Present recommendations of 200-600 IUs are 
woefully inadequate

 Testing of Vitamin D supplements by 
ConsumerLabs showed accurate amounts and 
no contaminants. 
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The issue of the American Journal of Clinical Nutrition, July 2006, contains a review article on optimal serum concentrations of 25(OH)D for multiple health outcomes.  The abstract states "This review summarizes evidence from studies that evaluated thresholds for serum 25(OH)D concentrations in relation to bone mineral density (BMD), lower-extremity function, dental health, and risk of falls, fractures and colorectal cancer.  For all endpoints, the most advantageous serum concentrations of 25(OH)D begin at 30 ng/mL and the best are between 36-40 ng/L".Willett believes that more than 1 billion people on the planet - �including about two-thirds of whites and almost all blacks in �America - don't have enough for optimal health. In recent years, �shortages of the compound have even led to a resurgence of rickets, a �childhood bone deformity, especially among dark-skinned babies who �are exclusively breast-fed.
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