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Not controversial

» Potent secosteroid that binds to receptors
found on every tissue in the body

» Primary regulator of at least 600 crucial
genes

Controversy #1 Lack of Rigorous Science

What is normal? Population n age sunexposure 25(0H)D

Who is normal? Volunteers 40 30  8.8#6.1  68.3+29.5

Lifeguards 8 18 53+10.3 161 £ 21.8

Taking a “normal” asymptomatic population,

Mea.surlng, . . Lo ) Note: Lifeguards had plasma 25(OH)D levels 2.5 greater
Plotting data using Gaussian distribution, than those of “normals”

Yields normative data for assessment. Haddad JG, Chyu K. JClin Endo Metab. 1971;33: 992-95.

Vitamin D Levels in Outdoor Workers

Controversy # 2

Short latency “index” diseases
-beriberi  (thiamine)
-pellagra  (niacin)

-scurvy (ascorbic acid)
-rickets (25(CH)D2)

RDA: If intake is of the nutrient is sufficient to
prevent the index disease, then ipso facto, the
Puerto Rico farmers ~ St. Louis, USA, lifeguards Israel lifeguards intake iS adequate fOr the entire Organism-

Published data as cited in Vieth, 1999, Amer J Clin Nutrition, 69:842
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No Long Latency Diseases?

Long-term consequences of lesser degrees
of deficiency?

Entirely different metabolic mechanisms
involved?

Blinded to these mechanisms?
Attribute to non-nutritional causes?

Controversy #4
DNA SPECTRAL EXPOSURE (kJ/m?) FOR JULY 1992
r H B B e =

Deficiency? In 20097 In the US?7??
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Controversy #3

» Park EA JAMA 1940;115:370-9.

* Blumberg RW, Forbes GB, Fraser D. The
prophylactic requirement and the toxicity
of vitamin D. Pediatrics 1963;31:512-25.

D Biomarkers

intact parathyroid hormone,
intestinal calcium absorption,
skeletal integrity,

insulin sensitivity and -cell function, and,

cathelicidin (LL37, hCAP) production by
macrophages and monocytes
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iIPTH
Plot PTH concentration vs. 25(OH)D

inflection point at >20 ng/dl (50 nmol/L)
PTH minimized at 40 ng/dl (100 nmol/L)

Insulin Sensitivity and 3 Cell
Function

Insulin sensitivity:

By increasing 25(OH)D from 10 ng/ml to 30 ng/ml,

insulin sensitivity improves by 60%.

Pereira MA et al. JAMA 2002;287(16): 2081-89.

Improvement Comparisons:
Troglitazone 54%
Metformin 13%
Inzucchi SE et al. NEJM 1998;338(13):867-72.

What Pediatric Controversy?

Vitamin D deficiency in 2009 is:
+ primarily an adult disease.
* not a problem in Minnesota.

* not a problem in Minnesotan children.
* “none of our peds patients are D deficient.”
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Ca++ Absorption

C?é%t;m absorption optimized at >30 ng/dI

By increasing 25-OH-D from 20 to 30 ng/dl:
1 calcium absorption efficiency by 65%
| osteoporotic fracture risk by 35%

D and the Body’s Innate
Antimicrobial Peptides

» human cathelicidin antimicrobial peptide
(camp) and defensin beta2 (defB2)

» Activated D induces increases in
antimicrobial proteins and secretion of
antimicrobial activity against pathogens
including Pseudomonas aeruginosa.

Vitamin D Winter: Very little if any vitamin D can be synthesized in the
skin from November through February at latitudes north of 37 degrees.
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Cancer Mortality Rates by State Economic Area
l Breast: White Females. 1970-84

13 125 1 - ® "

Vitamin D Winter: Very little if any vitamin D can be synthesized in the
skin from November through February at latitudes north of 37 degrees.

Breast Cancer Death rates Bladder Cancer Death rates

Breast Cancer Mortality Rates, White Females, 1970-1994
vs. DNA-Weighted UV-B Exposure for July 1992

Carcer Mortalty Rates by Stabe Economic Area
Ovary: White Fernales. 1970-94

Bladder Cancer Mortalty Rates, White Males, 1970-1994
V. DNA-Weighted UV-B Exposure for July 1992

US South US North ... 0on * US Soul

VB Exposure (ki)

US North

Ovarian Cancer Death rates Rectal Cancer Death rates

Ovarian Cancer Mortalty Rates, White Females, 1970-1994
vs. DNA-Weighted UV-B Exposure for July 1992

Colon Cancer Death rates Skin Cancer Death rates

Colon Cancer Mortality Rates for Black Males, 19701994
vs. DNA-Weighted UV-B Exposure for July 1992

Rectal Cancer Mortalty Rates, White Males, 1970-1994
Vs. DNA-Weighted UV-B Exposure for July 1992

Skin Cancer Mortalty Rates, White Males, 1970-1994
vs. DNA-Weighted UV-B Exposure, July 1992

VB Exposure (ki)

USNorth  “*===© g gouth US South US NOMR ooy~ US Souf

US North ... "US South
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Causes and consequences of vitamin D deficiency

Vitamin D deficiency Consequences

Sy
Obesity

St john's wart Cardior

Autolmmune diseases

Malabsorption

Holick, M. F BMJ 2008;336:1318-1319

Ca++ Dyshomeostasis HF

* *Maiya S et al. Heart 2008; 94: 581-4. 16 infants

* *Carlton-Conway D et al. J R Soc Med 2004; 97:238-9 2 infants

« *Price DI et al. Pediatr Cardiol 2003; 24(5):510-2. 1 infant

« *Abdullah M et al. Can J Cardiol 1999; 15(6): 699-701. 1 infant
*Yaseen H et al. Pédiatrie 1993; 48: 547-9. 1 infant
*Gillor A et al. Monatsschr Kinderheik 1989; 137: 108-10. 1 infant
*Brunvand | et al. Acta Pediatr 1995; 84: 106-8. 1 infant

« Shalev H et al. Harefuah 1990; 119: 422-3. 2 infants

« Koch a. Z Kardiol 1999; 88(1): 10-13. 3.5y0 @

The conditions for which our human genome
was selected offer a reasonable basis for
optimal nutrition.

Anatomically “Modern” humans have existed for 100,000 years
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What Pediatric Controversy?

Prenatal vitamins are sufficient for optimal
in utero health.

Breast milk contains sufficient vitamin D.

Sunlight exposure is dangerous for infants
and children.

The 2008 AAP guideline of 400 U of D3 is
sufficient for Minnesotan children.

Take Home Points

25 hydroxyvitamin D blood test
Goal: >32 ng/ml with PTH < 50 pcg/ml
Supplement, supplement, supplement

Prednisone, carbamezapine, valproic acid

Greater BMI, darker one’s skin, the more
tobacco smoke exposure, the more sun
screen, the longer hours indoors, the more
sun exposure one needs
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Comments
and
Questions
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CLINICAL & HEALTH AFFAIRS

Top 10 Vitamin D Myths

By Gregory A. Plotnikoff, M.D., M.T.S.

ABSTRACT

A growing body of evidence points to the tremendous impor-
tance of vitamin D in maintaining health. Yet misconceptions
about the need for this vitamin and the clinical care of vitamin
D-deficient patients remain. This article deconstructs 10 prevail-
ing myths and addresses such issues as symptoms and clinical in-
dicators of vitamin D deficiency; the various sources of vitamin
D, including diet, sun exposure, and supplementation; current
laboratory standards for assessing vitamin D levels, and the
prevalence of deficiency.

linically significant vitamin D deficiency is common

worldwide. Numerous international medical authori-
ties have emphasized its seriousness, including the authors
of a 1996 Minnesota Medicine article.! In 1998, editorials
in both the British Medical Journal and the New England
Journal of Medicine called for physicians to pay greater at-
tention to treating vitamin D deficiency.>” Commentaries in
such esteemed journals as Science and the Journal of the
American Medical Association encouraged physicians to
pay much closer attention to vitamin D deficiency and its
impact on health.** And numerous editorials in both sub-
specialty and primary care journals, including the Mayo
Clinic Proceedings, have brought the problem to the atten-
tion of physicians.® Yet, judging by questions e-mailed to me
from around the world, physicians everywhere remain un-
certain about many clinical issues associated with vitamin
D. For that reason, this article addresses the top 10 myths
about vitamin D among both physicians and the public.

10. Americans are not deficient in vitamin D.

Worldwide, the prevalence of vitamin D deficiency (defined
as 25-hydroxyvitamin D3 or 25-OHD3 less than 20 ng/mL
or 50 nmol/L is quite high. This is the case not only in poor
countries but also in developed, sunny countries such as
Australia, Israel, and Italy. The United States is no excep-
tion. The Centers for Disease Control’s recent National
Health and Nutrition Examination Survey (NHANES III)
demonstrated that 42% of African American women were
markedly deficient in vitamin D.” Results from the same
survey demonstrated that 29% of girls age 12 yearsto 19
years were deficient.® In the month of March, 42 % of young,
healthy volunteers in Boston, which lies at a latitude of 42°
North, who did not take vitamins were found to be defi-
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cient.’ In Maine, 48 % of adolescent girls were vitamin D de-
ficient in winter.” And just north of Minnesota, in Winnipeg,
Manitoba, 46% of mothers of newborns were recently
found to be deficient." Among internal medicine residents
studied in Oregon, 51% were deficient during some part of
the year, and 20% were vitamin D deficient year-round.”

9. Diet provides adequate vitamin D.
Vitamin D is rarely found in foods. For example, one needs
to drink at least a quart of milk a day to get an adequate in-
take (AI) level of 400 IU/d. The highest concentrations of
vitamin D are found in ocean salmon and sun-exposed
mushrooms.”

According to the NHANES ITl data for adults older than
51 years, only 4% of men and 1% of women met or ex-
ceeded the Al level of vitamin D through food consumption.
The lowest intakes were reported by teenaged girls and
women. And among children ages 1 year to 8 years, only
59% of non-Hispanic white children met Al levels.

8. Just a few minutes a day of sun exposure is suffi-
cient to generate enough vitamin D.

This common recommendation does not take into account
the fact that the capacity to make vitamin D depends on mul-
tiple factors including latitude, season, skin type/melanin
concentration, age, use of sun screen, body mass index,
smoking status, and medication use. The further north one
is, the darker one’s skin is, the older one is, the higher one’s
BMI, the more one smokes, and the more one spends time
inside, the more difficult it is to make vitamin D. Consider-
ing these factors, elderly, obese, African American women
in Minnesota with limited mobility would be at the highest
risk for vitamin D deficiency. However, this is misleading.
Numerous studies demonstrate that many young women
without these risk factors are still significantly deficient.

7. Supplementation guarantees vitamin D sufficiency.

Among the 42% of African American women found to be
vitamin D deficient in the NHANES III study, 28 % were
taking the recommended amount of vitamin D as a daily
supplement.! Among hospital inpatients, 43 % of those with
vitamin D intakes above the recommended daily allowance
were found to be vitamin D deficient.* At the University of
Wisconsin, of 51 infants with documented rickets, 73%
were enrolled in the Wisconsin WIC program, which pro-



vides access to health care and nutritional counseling.” Ex-
pert opinion is that the average adult needs at least 800 TU/d
to 1,000 TU/d of viramin D3 (cholecalciferol) to attain a
serum level of 75 nmol/L (30 ng/mL).**

6. Absence of rickets or osteomalacia is proof of vita-
min D sufficiency.

Vitamin D insufficiency is frequently subclinical. Frank
symptoms are only found in those with advanced disease.
Long latency diseases related to long-term vitamin D defi-
ciency, such as osteoporosis, cancer, and autoimmune
diseases, are often asymptomatic.

Vitamin D sufficiency can only be assessed by measure-
ment of serum 25-OHD3. Routine testing of calcium, alka-
line phosphatase, and phosphate has no predictive value for
deficiency.”

5. Vitamin D is only necessary for calcium homeostasis
and bone metabolism.
The vitamin D receptor (VDR) is a 1,25-dihydroxyvitamin
D3 (1,25(0OH)2D3)-ligand activated transcription factor
that interacts with co-regulators and the transcriptional
preinitiation complex to alter the rate of target gene tran-
scription. The VDR is a member of the superfamily of nu-
clear receptors for steroid hormones. The VDR is found not
only in the intestine, kidney, bone, and parathyroid gland
but also in most tissues of the body, including activated T
and B lymphocytes, mononuclear cells, £-islet cells, and the
brain, heart, gonads, breast, and prostate.

Documented noncalcium homeostasis actions include
1) suppression of cell growth/anti-proliferative actions in
myeloproliferative disorders and in colorectal and prostate
cancer; 2) proapoptotic effects in breast and colon cancer;
3) immune modulation relevant to infectious agents such as
mycobacteria, autoimmune disease including multiple scle-
rosis, and tolerance in transplantation; 4) skin cell prolifer-
ation and function relevant to psoriasis.” 1,25(OH)2D3
stimulates insulin production, affects myocardial contrac-
tility, regulates the renin-angiotensin system, and increases
the relative size and number of type Il muscle fibers."*

4. Vitamin D deficiency is not an important public
health concern.
Because vitamin D has an impact on so many physiological
processes, vitamin D deficiency has implications for public
health. Prevention of the spread of tuberculosis is a crucial
issue in crowded cities in advanced societies. A recent study
of 210 immigrant tuberculosis patients in London showed
that 76% were vitamin D deficient and 56% had unde-
tectable levels.?® Vitamin D is an important agent for en-
hancement of monocyte-macrophage immune function.”
Approximately one-third of all persons 65 years of age
or older fall at least once a year, resulting in more than 1.5

million emergency room visits and more than 300,000 hos-
pitalizations. The direct cost to society for fractures in the
elderly exceeds $10 billion per year. Only 50% of post-
menopausal hip fractures are associated with osteoporosis.
Thus, prevention of falls is crucial. And for this to happen,
adequate vitamin D intake is crucial. Vitamin D deficiency
in the elderly results not only in osteopenia but also in sar-
copenia (reduced muscle numbers and strength). Increased
fracture risk follows from reduced strength of bones as well
as reduced strength of muscles and the consequence of in-
creased body sway (imbalance) and tendency to fall.” Sar-
copenia and decreased grip strength are associated with
serum levels less than 75 nmoV/L (30 ng/mL). Oral supple-
mentation to this level on average for 5 years in 2,686
healthy persons aged 65 years to 85 years reduced by 33%
the incidence of typical osteoporotic fractures.?” For elderly
patients attending a fall clinic, those with serum levels less
than 28 nmoVL had impaired balance and reflexes and sig-
nificantly more falls than those with serum levels greater
than 44 nmol/L.?® Both active and inactive ambulatory per-
sons older than 60 years with 25-OHD concentrations be-
tween 40 and 94 nmol/L {16 to 38 ng/mL) have demon-
strated better lower-extremity muscle function than peers
with concentrations less than 40 nmol/L (16 ng/mL).”

Pain is a leading reason for primary care and referral
visits. In many cases, the pain is unexplainable, dispropor-
tionate to the history or physical exam, and very expensive
to treat. A recent study of 150 young immigrant and non-
immigrant patients with nonspecific, musculoskeletal pain
found 93% were vitamin D deficient and 5 out of 150 had
undetectable levels.

For large populations, vitamin D deficiency increases
the risk of developing malignancies, chronic inflammatory
and autoimmune diseases, as well as metabolic syndrome.”
The prevalence of these diseases correlates with latitude and
UV-B exposure. Animal studies have demonstrated that vi-
tamin D can block or minimize the development of type I di-
abetes, rheumatoid arthritis, inflammatory bowel disease,
as well as multiple sclerosis.

3. Current laboratory norms are accurate definitions
of vitamin D sufficiency.

Several facts suggest that the current norms are too low.
First, parathyroid hormone (PTH) is secreted by the body
in response to insufficient calcium absorption. Elevated lev-
els indicate long-standing inadequacy and a high bone-
remodeling rate. PTH levels minimize with 25-OHD serum
levels of at least 50 nmol/L (20 ng/mL).*

Second, fractional oral calcium absorption is optimized
at approximately 80 nmol/L (30 ng/mL). Third, osteo-
porotic fractures are minimized when the serum 25-OHD is
raised to 80 nmol/L.»

Several experts who attended the November 2004 NIH

November 2005 » Minnesota Medicine | 39
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Where Is the Evidence?

Both epidemiologic and in vitro data have generated
provocative hypotheses regarding vitamin D defi-
ciency and increased risk of 13 types of cancer including
breast, colon, and prostate; type I diabetes; multiple scle-
rosis; hypertension; rheumatoid arthritis; and chronic,
unexplained musculoskeletal pain.'? Prospective, ran-
domized trials are urgently needed to assess the role of
vitamin D supplementation in the prevention and treat-
ment of these diseases.

In the meantime, what is the strength of the evidence
base from randomized controlled trials for vitamin D
supplementation?

Two meta-analyses published this year deserve close
attention. Inthe first, Porthouse et al reported in the April
30issue of the British Medical Journal that daily oral sup-
plementation of 800 IU/d of cholecalciferol and 1,000
mg/d of calcium in 3,314 women age 70 and older who
had at least 1 reported risk for hip fracture did not pre-
vent fractures.’ This study was heavily criticized because
serum levels of vitamin D were not measured, the dose
was considered insufficient for a population with an ex-
tremely high prevalence of significant deficiency, and the
sample size was insufficient to detect a difference of less
than 30%.

Two weeks later, in the Journal of the American Med-
ical Association, Bischoff-Ferrari et al reported the re-
sults of a meta-analysis of 5§ randomized controlled trials
for hip fracture prevention (n=9,294) and 7 for nonver-
tebral fracture prevention (n=9,820).* They found that
oral vitamin D supplementation of 700 IU/d to 800 IU/d
reduced the relative risk of hip fracture by 26 % and any
nonvertebral fracture by 23% compared with calcium or
placebo. They noted that 400 IU/d was insufficient to pre-
vent fractures and that optimal fracture prevention ap-
peared to occur in trials in which subjects achieved a

Vitamin D and Cancer Conference asserted that the physio-
logic lower end of normal should be set at 80 nmol/L (32
ng/mL) based on invitro and randomized controlled trial
data.

2.Vitamin D supplementation is toxic.

The vitamin D supplementation curve is flat up to 250 mi-
crograms (10,000 IU) of vitamin D/d, after which long-term
supplementation will produce toxicity.* Published and pub-
licized cases of vitamin D toxicity and hypercalcemia have
involved intakes far greater than this amount. Robert
Heaney from Creighton University has documented that hu-
mans require approximately 4,000 IU/d.* This can be easily

40 | Minnesota Medicine » November 2005

mean 25-hydroxyvitamin D (25-OHD) level of appro-
mately 100 nmol/L (40 ng/mL).

The importance of vitamin D supplementation of at
least 800 IU/d was also demonstrated by the same team
in a 2004 meta-analysis of vitamin D for the prevention
of falls5 At this dose, falls were reduced by 35%. Lower
doses were not effective in reducing falls.

Overall, they noted that in 5 randomized controlled
trials (n=1,237) vitamin D supplementation reduced the
corrected odds ratio of falling by 22% (OR, 0.78; 95%
CI 0.64-0.92) compared with placebo or calcium. They
documented that the number of patients needed to be
treated to prevent 1 fracture was just 15.

Current recommendations for vitamin D intake of
200 IU/d to 600 TU/d thus may not be sufficient for pre-
vention of either falls or fractures. Additionally, current
laboratory reference values based on a reference popula-
tion may not match physiologic needs for prevention of
serious, long-latent disease in specific populations. For
those reasons, physicians should be aware that patients
may require annual measurement of serum 25-OHD lev-
els and need greater vitamin D supplementation than that
which can be obtained from milk or multivitamins.

REFERENCES
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obtained with safe sun exposure (no burns). One cannot ex-
perience vitamin D toxicity from sun exposure because the
body has the capacity to shift vitamin D production when
adequate levels have been achieved and stored.

Vitamin D3 (cholecalciferol) is preferred to D2 (ergocal-
ciferol) as a supplement because the half-life is longer, it is
more potent, its bind to the vitamin D-binding protein is
stronger, and ingestion does not result in unique biologically
active metabolites.*

1. None of my patients is vitamin D deficient.
Surprisingly, more than 50% of women already receiving
treatment from physicians for osteoporosis are vitamin D



deficient.” Other patients at extremely high risk for defi-
ciency include those on long-term prednisone, certain anti-
convulsant medications, and all medications that have pho-
tosensitivity precautions. Additionally, persons with
medical conditions that require sun avoidance, such as sys-
temic lupus erythematosus or sickle-cell disease, are at ex-
tremely high risk. Persons with significant kidney or liver
disease, congestive heart failure, or peripheral arterial dis-
ease are at great risk for unrecognized clinically significant
deficiency. And finally, any person whose medical condition
significantly limits his or her sun exposure (e, patients who
require long-term hospitalization) or fat absorption is at
very high risk for significant deficiency. MM

Gregory Plotnikoff is an associate professor of internal med-
icine and pediatrics at the University of Minnesota. He splits
his time between Minneapolis and Tokyo, where he is a vis-
iting associate professor at Keio University Medical School.
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