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Outline
T

#* Vitamin D physiology

¥ Epidemiological studies and randomized
controlled trials

¥ Vitamin D and cancer

#¥* Selected vitamin D-sensitive diseases from a list
of 100 such diseases

¥ Cardiovascular disease, diabetes, infectious
diseases

¥ Vitamin D during pregnancy and lactation
¥* Vitamin D sources and recommendations



Vitamin D
I

#* Vitamin D3 (cholecalciferol) is made by the action of
ultraviolet-B (UVB) radiation on 7-dehydrocholesterol in
the skin, followed by a thermal process.

#¥* Solar UVB extends from 290-315 nm
(UVA extends from 315-400 nm)

#* Vitamin D3 is converted in the liver to 25-hydroxyvitamin
D3 [25(OH)D], the circulating form.

#* 25(OH)D is converted in the kidneys to 1,25-
dihydroxyvitamin D3 [1,25(0OH),D3], the active form of
vitamin D, for circulation in the blood.

¥ |t is also converted in other organs as needed, such as to
fight cancer.



Vitamin D continued
R

#* Vitamin D receptors (VDRS) are activated by
1,25(0OH),D and affect expression of over 200 genes,
upregulating about two-thirds, downregulating one-
third.

#¥* VDRs come in different alleles, with different effects.
#* The half life of 25(OH)D3 is about 4-6 weeks.

#* Vitamin D is stored in adipose tissue; 25(0OH)D is stored
In muscles, and along with 1,25(OH),D, circulates in the
blood.

#* Vitamin D2 (ergocalciferol) is made in mushrooms or
from yeast, and is less effective as vitamin D3.



Types of Epidemiological Studies
-—

¥ There are four basic types of epidemiological
studies used to identify and quantify links
between risk-modifying factors and disease:

#* Nested case control from cohort studies — a defined
population followed for years after blood draw;

#* Case-control — blood drawn at time of diagnosis;
#* Cross-sectional — survey of a large population;

¥ Ecological — populations are defined geographically
or temporally (seasons or longitudinal); both disease
outcome and risk-modifying factors are averaged by
region or time.



Strengths and Weaknesses

#* Nested case control — weakness: single serum
25(0OH)D concentration at time of enrollment.

#* Case-control — strength: 25(OH)D concentration at
time of diagnosis; weakness — disease state may
Influence 25(0OH)D concentration.

#* Cross-sectional — weakness: health conditions may
affect 25(OH)D concentration.

#* Ecological — strengths: solar UVB is primary vitamin
D source, large numbers of cases, many data sets,
can account for confounding factors, works well for
cancer, multiple sclerosis. Weaknesses: other
factors also affect seasonality or trends.
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Randomized Controlled Trials (RCTS)
"

#* RCTs are essential for pharmaceutical drugs to
demonstrate efficacy and uncover risks.

#* Many vitamin D RCTs used doses that were too low
(400 IU/day) to produce any effects.

#* There have been a number of successful vitamin D
RCTs, including those for hip-fractures, all-cause
mortality rate, cancer incidence, and type A
Influenza.



Ecological Studies of UVB, Vitamin D,
Cancer

#* The first epidemiological study hypothesizing
that solar UVB, through production of vitamin D,
reduced the risk of cancer was published in
1980.

# The brothers Cedric Garland and Frank
Garland, beginning graduate students at Johns
Hopkins School of Public Health in 1974,
looked at the map of colon cancer mortality
rates in the U.S. and saw a link to solar
radiation.
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Cancer Morality Rates by State Economic Area (Age-adjusted 1970 US Population)
Breast: White Females, 1970-94
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Additional Risk-Modifying Factors

There are numerous risk-modifying factors for breast
and other cancers. Two important ones are alcohol
consumption and smoking.

Alchohol: Adult Per Capita Consumption 1970

Cancer Mortality Rates by State Economic Area (Age-adjusted 1970 US Population)
Lung, Trachea, Bronchus, and Pleura: White Females, 1970-94
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The association of solar ultraviolet B (UVB) with reducing risk of
cancer: multifactorial ecologic analysis of geographic variation in
age-adjusted cancer mortality rates.

¥ Grant WB, Garland CF. Anticancer Res. 2006 Jul-
Aug;26(4A):2687-99.

#* MATERIALS AND METHODS: An ecologic study
was performed using age-adjusted annual mortality
rates for white Americans for 1950-69 and 1970-94,
along with state-averaged values for selected years
for alcohol consumption, Hispanic heritage, lung
cancer (as a proxy for smoking), poverty, degree of
urbanization and UVB in multiple linear regression
analyses.



Ecological Study Results [Grant &
Garland, 2006]
-—

#* Models were developed that explained much of the
variance in cancer mortality rates, with stronger
correlations for the earlier period (1950-69).

#* Fifteen types of cancer were inversely-associated
with solar UVB doses.

¥ |n the earlier period, most of the associations of
cancer mortality rates agreed well with the literature
for alcohol consumption (nine), Hispanic heritage
(six), and the proxy for smoking (ten).



19 Vitamin D-Sensitive Cancers
(from several studies)
-—

#* Vitamin D-sensitive cancers with moderate-to-
strong support after accounting for other
factors:

¥ Gastrointestinal: colon, esophageal,
gallbladder, gastric, pancreatic, rectal

#* Urinary: bladder, kidney, Male: prostate

#¥* Female: breast, cervical, endometrial,
ovarian, vulvar

¥ Blood: Hodgkin’s and non-Hodgkin’s
lymphoma, leukemia

#¥* Miscellaneous: melanoma



Why Ecological Studies Are Powerful
"

¥ Solar UVB is the primary source of vitamin D.

¥ The risk for cancer can occur anytime in life
Including youth. Studies found reduced risk for
breast and prostate cancer for UVB in youth.

¥ Cancers generally take 15-40 years to progress
from initiation to detection or death.

#* Vitamin D has effects at all stages of cancer,
Initiation, progression, and metastasis.

#* Thus, integrated serum 25(OH)D levels over
long periods of time are important in reducing
the risk of cancer incidence and death.



Observational Studies of Breast and
Colorectal Cancer vs. Serum 25(0OH)D

#* Observational studies provide useful data for
determining the serum 25(OH)D level-cancer
Incidence rate relation for breast and colorectal
cancer.

¥ Stronger inverse correlations between 25(OH)D
concentrations and cancer incidence are found
for case-control studies or cohort studies with
short follow-up times.



Colorectal Cancer Incidence Rate vs.
Serum 25(OH)D Level — Meta-Analysis
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Plasma 25-Hydroxyvitamin D and Premenopausal
Breast Cancer Risk in a German Case-Control Study

Odds ratio
i |
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Abbas et al., Int J Cancer, 2009



Meta-Analysis of Breast Cancer Risk with
Respect to Diagnhostic Serum 25(0OH)D
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Cancer Survival with Respect to
Serum 25(OH)D Level

#* Vitamin D reduces the risk of dying from cancer by
reducing angiogenesis around tumors and reducing
metastasis.

#* Higher survival rates have been reported for higher
serum 25(0OH)D concentrations at time of diagnosis for
breast, colorectal, lung, prostate cancer, melanoma and
non-Hodgkin’s lymphoma.

#* African-Americans have lower survival rates for cancer
than White-Americans for 11 types of cancer after
consideration of socioeconomic status, stage at
diagnosis, and treatment, likely due to lower 25(OH)D.
[Grant and Peiris, Dermato-Endocrinology 2012;4(2)



Breast Cancer Incidence vs. Serum
25(OH)D In Post-Menopausal women
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Source: Ng K, Meyerhardt JA, Wu K, Feskanich D, Hollis BW, Giovannucci EL, Fuchs CS. Circulating 25-hydroxyvitamin D
levels and survival in patients with colorectal cancer J Clin Oncol 2008; 26: 2984-91.



RCT and All-Cancer Incidence
T

Recent prospective study of vitamin D, and calcium and
cancer risk in post-menopausal women In Nebraska*

# 1100 IU of vitamin D3 and/or 1400 mg of calcium
per day, or a placebo.

¥ Serum calcidiol levels rose from 71.8 nmol/L (28.7
ng/mL) to 96.0 nmol/L (38.4 ng/mL)

% The all-cancer incidence for women over the age of
55 years at time of enrollment was reduced by 77%

between the ends of the first and fourth years of the
study.

1. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D

and calcium supplementation reduces cancer risk: results of a randomized trial. Am
J Clin Nutr 2007 Jun; 85(6): 1586-91.
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Second RCT and Cancer Incidence
T

#* “In the WHI 1500 mg/d calcium + 400 |U/d vitamin D
(CaD), interactions between the use of either personal
calcium or vitamin D supplements and CaD were found
for total, breast, and colorectal cancers but not for
fracture or mortality. In 15,646 women (43%) who were
not taking personal calcium or vitamin D supplements at
randomization, CabD significantly decreased the risk of
total, breast, and invasive breast cancers by 14-20%
and nonsignificantly reduced the risk of colorectal
cancer by 17%. In women taking personal calcium or
vitamin D supplements, CaD did not alter cancer risk
(HR: 1.06-1.26).”

#* Bolland et al., Am J Clin Nutr. 2011 Oct;94(4):1144-9.



Treatment of Prostate Cancer
T

#* All subjects had a diagnosis of low-risk prostate cancer.
#* Vitamin D(3) supplementation at 4000 |U/d for 1 yr.

#* 24 of 44 subjects (55%) showed a decrease in the
number of positive cores or decrease in Gleason score;
five subjects (11%) showed no change; 15 subjects
(34%) showed an increase in the number of positive
cores or Gleason score.

#* Marshall DE, et al. Vitamin D3 supplementation at 4000
International units per day for one year results in a decrease of
positive cores at repeat biopsy in subjects with low-risk prostate
cancer under active surveillance. J Clin Endocrinol Metab. April 16,
2012 jc.2012-1451 epub.



Classical Mechanisms for
Cancer Risk Reduction

¥ Effects on cellular differentiation and
oroliferation

¥ Increased calcium absorption

#* Reduced risk of Epstein-Barr virus infection for
ymphoma

¥ Anti-angiogenesis
#* Anti-metastasis




Hi I | s Cri1teri1 a f or
T

¥ A. Bradford Hill [1965] laid down criteria for

causality in a biological system . The main
criteria are largely satisfied for many types of
cancer.

¥ Strength of association

¥ Consistency

¥ Biological gradient

#* Plausibility (mechanisms)

¥ Experiment (e.g., randomized controlled trial)

#* Analogy

¥ (Account for confounding factors)



Summary, Vitamin D and Cancer
000

#* There is moderate-to-strong evidence that vitamin D
significantly reduces the risk of breast, colorectal and
17 other types of cancer incidence and death.

#* The optimal serum 25(OH)D level for reducing risk of
breast and colorectal cancer is >40 ng/ml.

#* Those with higher serum 25(OH)D at time of diagnosis
have increased all-cause survival rates.

#* Vitamin D seems worthwhile to add to the treatment for
those diagnosed with several types of cancer.

¥ 2751 papers with vitamin D and cancer in the title or
abstract are listed at www.pubmed.gov (May 15, 2012)



http://www.pubmed.gov/

Other Vitamin D-Sensitive Diseases
T

¥ Emerging scientific evidence supports the role
of vitamin D in reducing the risk of nearly 100
types of disease including:
#* Cardiovascular diseases
# Diabetes, type 1 and 2
¥ Many infectious diseases, both bacterial and viral
#* Several autoimmune diseases
#* Neurological diseases including brain diseases
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Vitamin D and Cardiovascular Disease
o

#* Several recent observational studies found that
those with lower serum 25(OH)D had higher
risk of cardiovascular disease (coronary heart
disease and/or stroke) incidence or mortality
rate.

¥ The mechanisms appear to include reducing
risk of metabolic disease through effects on
Insulin sensitivity, blood pressure, and arterial
calcification, as well as reducing risk of
Infectious diseases.



Cardiovascular Disease Study at a
Medical Center in Utah

#* Intermountain Medical Center, Murray, Utah

#* “The database contained 41,504 patient records with at
least one measured vitamin D level. The prevalence of
vitamin D deficiency (30 ng/ml) was 63.6%, with only
minor differences by gender or age. Vitamin D
deficiency was associated with highly significant (p
<0.0001) increases in the prevalence of diabetes,
hypertension, hyperlipidemia, and peripheral vascular
disease. Also, those without risk factors but with severe
deficiency had an increased likelihood of developing
diabetes, hypertension, and hyperlipidemia.”



Cardiovascular Disease Study at a
Medical Center in Utah - 2
S

#* “The vitamin D levels were also highly
associated with coronary artery disease,
myocardial infarction, heart failure, and stroke
(all p <0.0001), as well as with incident death,
heart failure, coronary artery disease/
myocardial infarction (all p <0.0001), stroke (p
= 0.003), and their composite (p <0.0001).”

#¥* Anderson et al., Am J Cardiol. 2010 Oct
1;106(7):963-8.



Vitamin D Deficiency and Supplementation
and Relation to Cardiovascular Health

#* “Serum vitamin D measurements for 5 years and
8 months from a large academic institution were
matched to patient demographic, physiologic,
and disease variables. Of 10,899 patients, the
mean age was 58 * 15 years, /1% were women
(n =7,758), and the average body mass index
was 30 = 8 kg/m(2). The mean serum vitamin D
level was 24.1 + 13.6 ng/ml. Of the 10,899
patients, 3,294 (29.7%) were in the normal
vitamin D range and 7,665 (70.3%) were
deficient.”



Vitamin D Deficiency and Supplementation
and Relation to Cardiovascular Health=- 2

#* “Vitamin D deficiency was associated with several
cardiovascular-related diseases, including hypertension,
coronary artery disease, cardiomyopathy, and diabetes
(all p <0.05). Vitamin D deficiency was a strong
Independent predictor of all-cause death (odds ratios
2.64, 95% confidence interval 1.901 to 3.662, p
<0.0001) after adjusting for multiple clinical variables.
Vitamin D supplementation conferred substantial
survival benefit (odds ratio for death 0.39, 95%
confidence interval 0.277 to 0.534, p <0.0001).”

¥ Vacek et al., Am J Cardiol. 2012 Feb 1;109(3):359-63
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Levels of Vitamin D and Cardiometabolic Disorders:
Systematic Review and Meta-analysis. Parker, 2010

Sample

Study size ES (95% CI)
Cohort Study :
Pilz 2009 614 _ 0.32(0.12, 0.87)
Wang 2009 1739 —_— 0.53(0.36,0.79)
Ginde 20092 3408 < 1 0.12(0.05,0.27)
Ginde 2009b 3408 — 0.19 (0.09, 0.39)
Kilkkinen 2009 6219 :-o— 0.76 (0.61, 0.95)
Pilz 2008 3299 —_— 0.67 (0.46, 0.97)
Mattila 2007 4097 _— 0.58 (0.32, 1.06)
Subtotal (I-squared = 80,9%, p = 0.000) <>I 0.42(0.28, 0.65)

1
Cross sectional Sutdy |
Maki 2009 257 —o-—{— 0.33(0.13,0.81)
Bonakdaran 2009 119 ————— 0.80(0.42, 153)
Kendrick 2009 16603 |- 0,68 (0.60,0.77)
Melamed 20082 4839 —e 0.76 (0.19, 3.11)
Melamed 2008b 13331 N e — 1,22 (0.90, 1.65)
Reis 2008a 2897 —_— 0.64 (0.45, 0.89)
Reis 2008b 1654 —— 0.26 (0.15, 0.45)
Chonchol 2008 462 — 0.59 (0.39, 0.90)
Kim 2008 8351 —_— 0.75(0.34, 1.67)
Martins 2007 15088 < — 0.42 (0.08, 2.16)
Reis 2007 men 410 —_———— 0.57 (0.26, 1.25)
Reis 2007 women 660 ——p— 0.88 (0.43, 1.80)
Botella 2007 73 —_— 0.47 (0.25, 0.89)
Rueda 2007 298 —_— 0.63 (0.26, 152)
Marniemi 2005a 755 S ——— 1.23(0.74, 2.05)
Marniemi 2005b 755 —_— 0.99 (0.56, 1.76)
Ford 2005 8421 —— 0.46 (0.38, 0.56)
Cigolini 2005 459 —_——— 0.69 (0.45, 1.05)
Scragg 2004a 2766 —-0-—1- 0.25(0.11, 0.58)
Scragg 2004b 1736 1 P 3.40(1.07,10.83)
Scragg 2004c 1726 e 1 017 (0.08, 0.37)
Scragg 1995 476 '—"_'1_ 0.36 (0.19, 0.70)
Scragg 1990 179 —-ﬁq 0.30 (0.15, 0.60)
Subtotal (I-squared = 74.3%, p = 0.000) 0.59(0.48,072)

|
Case control Study :
Giovanucci 2008 1354 —_—— 0.47 (0.30,0.73)
Knekt 2008 1364 : o 0.67 (0.23, 1.96)
Rajasree 2001 213 H —— 1.60(1.02, 252)
Subtotal (I-squared = 86.2%, p = 0.001) — 0.81(0.33,2.01)

1
Overall (I-squared = 76.4%, p = 0.000) <> 0.57 (0.48, 0.68)
NOTE: Weights are from random effects analysis l
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Sample

Study size ES (95% CI)
CcVvD !
Pilz 2009 614 —_— 0.32(0.12, 0.87)
Wang 2009 1739 —_— 053(0.36,0.79)
Ginde 2009b 3408 —— 0.19 (0.09, 0.39)
Kilkkinen 2009 6219 |—— 0.76 (0.61, 0.95)
Kendrick 2009 16603 == 0.68 (0.60, 0.77)
Melamed 2008a 4839 —- 0.76 (0.19, 3.11)
Melamed 2008b 13331 | r— 1.22(0.90, 165)
Pilz 2008 3299 —_—— 0.67 (0.46, 0.97)
Reis 20082 2897 —_— 0.64 (0.46, 0.89)
Chonchol 2008 462 — 0.59 (0.39, 0.90)
Giovanucci 2008 1354 —_—— 0.47 (0.30,0.73)
Kim 2008 8351 D E— 0.75 (0.34, 1.67)
Marniemi 2005a 755 | —t—— 1.23(0.74, 2.05)
Cigolini 2005 459 —r—t 0.69 (0.45, 1.05)
Rajasree 2001 213 | o — 1.60(1.02, 252)
Scragg 1990 179 s 0.30 (0.15, 0.60)
Subtotal (I-squared = 74.1%, p = 0.000) < 0.67 (0.55, 0.81)

I
Metabolic syndrome !
Maki 2009 257 —_— 0.33(0.13,0.81)
Bonakdaran 2009 119 —_—— 0.80 (0.42, 1.53)
Reis 2008b 1654 —— | 0.26 (0.15, 0.45)
Reis 2007 men 410 ——— 0.57 (0.26, 1.25)
Reis 2007 women 660 ——p—— 0.88 (0.43, 1.80)
Botella 2007 73 —_—— 0.47 (0.25, 0.89)
Rueda 2007 298 —_— 0.63 (0.26, 1.52)
Ford 2005 8421 —— 0.46 (0.38, 0.56)
Subtotal (l-squared = 39.1%, p=0.118) <>|> 0.49 (0.38, 0.64)
oM |
Ginde 2009a 3408 ‘o ! 0.12(0.05, 0.27)
Knekt 2008 1364 —- 0.67 (0.23, 1.96)
Mattila 2007 4097 —t 0.58 (0.32, 1.06)
Martins 2007 15088 < ~— 0.42 (0.08, 2.16)
Marniemi 2005b 755 —— 0.99 (0.56, 1.76)
Scragg 2004a 2766 —_——— 0.25(0.11, 0.58)
Scragg 2004b 1736 1 - P> 3.40(1.07, 10.83)
Scragg 2004c 1726 - i 0.17 (0.08, 0.37)
Scragg 1995 476 —_— 0.36(0.19,0.70)
Subtotal (I-squared = 79.3%, p = 0.000) — T 0.45(0.25, 0.82)

1
Overall (I-squared = 76.4%, p = 0.000) <> 0.57 (0.48, 0.68)
NOTE: Weights are from random effects analysis 1
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Pooled Analysis — Cardiovascular
Disease Incidence and Mortality Rate
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Type 2 Diabetes Mellitus
T

¥ Vitamin D and calcium have been found
Inversely correlated with incidence and
prevalence of type 2 diabetes mellitus.
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FIG. 1. Adjusted relative risk of incident type 2 DM in the Nurses
Health Study by calcium and vitamin D intake (52).



Mechanisms for Diabetes Risk
Reduction from Vitamin D and Calcium

#* “The mechanism of action of vitamin D in type 2
diabetes mellitus is thought to be mediated not
only through regulation of plasma calcium
levels, which regulate insulin synthesis and
secretion, but also through a direct action on
pancreatic beta-cell function” [Palomer et al.,
2008].

#* Palomer X, et al., Role of vitamin D in the pathogenesis of
type 2 diabetes mellitus. Diabetes Obes Metab. 2008
Mar;10(3):185-97.



Infectious Diseases — Induction of
Cathelicidin and Defensins

#* 1,25-dihydroxyvitamin D induces production of human
cathelicidin, LL-37, a polypetide with modest
antimicrobial and potent antiendotoxin activities, and
defensins.

¥ There is strong evidence that LL-37 can fight bacterial
Infections: dental caries, pneumonia, septicemia, TB.

#* There is also evidence that LL-37 can fight some viral
Infections: Epstein-Barr virus, influenza, rhinovirus.
However, the effect of vitamin D may be mediated
through modification of the cytokine production by the
Innate immune system.



Epidemic Influenza
-

¥ Edgar Hope-Simpson pointed out that influenza
outbreaks were inversely correlated with solar
UV.

% John Cannell, M.D., et al. hypothesized that
epidemic influenza is seasonal in part due to
seasonal variations of solar UVB and vitamin D.

Hope-Simpson RE. The role of season in the epidemiology of
Influenza. J Hyg (Lond). 1981 Feb;86(1):35-47.

Cannell JJ, et al. Epidemic influenza and vitamin D. Epidemiol
Infect. 2006 Dec;134(6):1129-40.



RCT with Vitamin D for Type A
Influenza
-

#* “Influenza A occurred in 18 of 167 (10.8%) children in the vitamin
D(3) group compared with 31 of 167 (18.6%) children in the
placebo group [relative risk (RR), 0.58; 95% CI: 0.34, 0.99; P =
0.04]. The reduction in influenza A was more prominent in children
who had not been taking other vitamin D supplements (RR: 0.36;
95% CI: 0.17, 0.79; P = 0.006) and who started nursery school
after age 3y (RR: 0.36; 95% CI: 0.17, 0.78; P = 0.005). In children
with a previous diagnosis of asthma, asthma attacks as a
secondary outcome occurred in 2 children receiving vitamin D(3)
compared with 12 children receiving placebo (RR: 0.17; 95% CI:
0.04,0.73; P =0.006).”

#* Urashima et al., Am J Clin Nutr. 2010 May;91(5):1255-60.



95 nmol/l'to Reduce Risk of
Acute Viral Respiratory Infection

Serum 25-hydroxyvitamin D 2 38 ng/mi
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Vitamin D and Pandemic Influenza
T

¥ The primary cause of death during the 1918-
1919 pandemic influenza was bacterial
pneumonia.

#* 1,25(0OH),D very likely reduced the cytokine
storm, which could damage the epithelial lining
of the lungs, permitting opportunistic infection,
and LL-37 reduced the risk of bacterial
pneumonia.

¥ Grant and Giovannucci, Dermato-Endocrinology,
2009



“Swline flu” and VIt
T

¥ There Is strong evidence that the current
“‘Swine flu” A/H1N1 influenza virus is also
vitamin D sensitive:
¥ |s seasonal, with peak rates in winter.

¥* Pregnant women in the U.S. have a 4X increased
risk of hospitalization from swine flu.

¥ Australian Aborigines have a 6X increased risk of
complications from swine flu.

#* Those with metabolic diseases have higher risk.

#* All of these groups are known to have lower serum
25(OH)D than the general population.



Dental Caries
T

# Tooth loss for Union Army Civil War soldiers increased
with increasing latitude from KY to ME.

#* Vitamin D was shown to reduce the risk of dental caries
In adolescents in 1928 [Mellanby et al., 1928].

#* The mechanism was thought to be increased calcium
deposition in the teeth. However, it was noted that the
bacteria in the caries were dead.

#* Several ecological studies in the U.S. in the 1930s-
1950s reported reduced dental caries rates among
adolescents living in sunny locations

#* The findings are reviewed in Grant, Dermato-
Endocrinology, 2011.



Autoimmune Diseases
Il

#* Several types of autoimmune diseases are linked to low
25(0OH)D concentrations:
¥ Asthma
#* Diabetes mellitus, type 1
#* Multiple sclerosis (Epstein-Barr virus as risk factor)
#* Rheumatoid arthritis

#* A beneficial role of vitamin D in reducing risk of
autoimmune diseases is reduced risk of viral infections.

¥ An additional mechanism is regulation of cytokine
production by 1,25(0OH),D, shifting from production of
Th1l cells and inflammatory cytokines (IL-2, IL-5, IFN-
gamma, and TNF-alpha) to Th2 cells and other
cytokines (IL-4, I1L-10).

#* Both incidence rates and disease activity are inversely
correlated with serum 25(OH)D concentrations.



Multiple Sclerosis Prevalence vs.
Latitude, an Index for Wintertime UVB
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Vitamin D Requirements in Preghancy
"

¥ Pregnant and nursing women require 4000
|U/day of vitamin D [Hollis & Wagner, Curr Opin
Endocrinol Diabetes Obes, 2011]

¥ Reasons:

#* Optimal control of gene expression during
development, activated by 1,25(0OH)2D

#* Fetal bone development
#* Reduced risk of delivery problems such as C-section
#* Reduced risk of perinatal mortality

#* Reduced risk of infections in infancy and subsequent
autoimmune diseases



RCT using 4000 IU/day of Vitamin D
during Pregnancy and Lactation

# Bruce Hollis and colleagues reported some
results from his recently completed 5-year study
iInvolving 130 African-American, 130 Caucasian,
and 130 Hispanic women starting the 16" week
of pregnhancy through lactation.

#* 2000 IU/day intake by the mother did not result
In raising infant’s serum 25(0OH)D above 20
ng/mL during breast feeding.

¥ There were no adverse effects for 4000 |U/day
such as hypercalcemia.

#* Hollis et al., J Bone Miner Res. 2011



Risk of Primary Cesarean Section
S

#* Risk of primary Cesarean section is higher with
lower serum 25(OH)D: women with 25(0OH)D
<37.5 nmol/L were almost 4 times as likely to
have a Cesarean than women with >25(OH)D
37.5 nmol/L (adjusted odds ratio 3.84; 95% C.I,
1.71-8.62).

#* 9% of U.S. pregnancies result in primary
Cesarean section; 40% of those could be

prevented with adequate vitamin D.

#* Merewood A, Mehta SD, Chen TC, Bauchner H, Holick MF. J
Clin Endocrinol Metab. 2009 Mar;94(3):940-5.
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Risk of Preeclampsia
-

¥ The odds ratio of preeclampsia for women with
a total vitamin D intake of 600-800 IU compared
with less than 200 IU was 0.76 (95% ClI, 0.60-
0.95).

¥ Haugen M, Brantsaeter AL, Trogstad L, Alexander J, Roth C,
Magnus P, Meltzer HM. Vitamin D supplementation and
reduced risk of preeclampsia in nulliparous women.
Epidemiology. 2009 Sep;20(5).720-6.
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Pre-eclampsia Related to Vitamin D in Infancy

“Vitamin D has been suggested to affect the balance between T helper
(Thl) and (Th2) type cytokines by favouring Th2 domination. We
Investigated the association between infant vitamin D supplementation
and later pre-eclampsia, a disorder suggested to be dominated by Thl
response. We used data on 2969 women born in the Northern Finland
Birth Cohort 1966 of whom 68 (2.3%) had pre-eclampsia in their first
pregnancy. Risk of pre-eclampsia was halved (OR 0.49, 95% confidence
Interval (Cl) 0.26-0.92) in participants who had received vitamin D
supplementation regularly during the first year of life and this association
was not affected by adjustment” for numerous factors.

“These data suggest that vitamin D intake in infancy may affect long-term
programming of the immune response pattern.”

Hypponen et al., Eur J Clin Nutr. 2007



Premature delivery — Japan
S

“‘Mean 25-OHD levels in spring, summer, fall, and
winter were 14.3+5.1,15.7+6.4, 13.7 £ 5.1, and
13.9 £ 4.2 ng/ml, respectively.” (35.8, 39.3, 34.3, and
34.8 nmol/L)

“Mothers with threatened premature delivery had
significantly lower 25-OHD levels (11.2 + 3.2 ng/ml)
than those in mothers with normal delivery

(15.6 £ 5.1 ng/ml).” (28.0 vs. 39.0 nmol/L)

Shibata, J Bone Miner Metab, 2011



Miscarriage and 25(0OH)D Concentration

¥ There Is unreported evidence that low serum
25(0OH)D concentrations during pregnancy
Increase the risk of miscarriage.

#* The mechanisms may include low values of
1,25(0OH)2D3 and, thus, reduced control of gene
expression during fetal development.

¥ In a study of in vitro fertilization, “The live-birth
rate was 26.3% (95% confidence interval [Cl],
25.9%-26.7%) among white women compared
with 18.7% (95% CI, 17.5%-20.1%) among black
women (rate ratio, 1.41).” [Seifer et al., 2008].



Erectile Dysfunction
S

#* “Erectile dysfunction (ED) is a multifactorial disease,
and its causes can be neurogenic, psychogenic,
hormonal and vascular. ED is often an important
Indicator of cardiovascular disease (CVD) and a
powerful early marker for asymptomatic CVD.”

#* “We show here that risk factors associated with a
higher CVD risk also associate with a higher ED risk.
Such factors include diabetes mellitus, hypertension,
arterial calcification and Inflammation in the vascular
endothelium.”

#* Sorenson and Grant, Dermato-Endocrinology 2012;4(2)



Effects of Low Vitamin D on the Brain
e

¥ There Is growing scientific evidence that vitamin
D protects the brain as well as the body.

# All brain cells have vitamin D receptors.

#* McCann JC, Ames BN. Is there convincing
biological or behavioral evidence linking vitamin D
deficiency to brain dysfunction? FASEB J. 2008
Apr;22(4):982-1001.

# Diseases affected include depression, cognitive
impairment, Alzheimer’s disease, vascular
dementia.



Serum 25(0OH)D Concentration
and Cognitive Impairment

* “Participants were 1766 adults aged 65 years and older from the
Health Survey for England 2000, a nationally representative
population-based study. Cognitive impairment was assessed using
the Abbreviated Mental Test Score. “

* “In all, 212 participants (12%) were cognitively impaired. Odds
ratios (95% confidence intervals) for cognitive impairment in the
first (8-30 nmol/L), second (31-44 nmol/L), and third (45-65 nmol/L)
guartiles of serum 25-hydroxyvitamin D compared with the fourth
(66-170 nmol/L) were 2.3 (1.4-3.8), 1.4 (0.8-2.4), and 1.1 (0.6-1.9),
after adjustment for age, sex, education, ethnicity, season of
testing, and additional risk factors for cognitive impairment (P for
linear trend = 0.001).”

*

#* Llewellyn DJ, Langa KM, Lang IA. J Geriatr Psychiatry Neurol.
2009 Sep;22(3):188-95.



Evidence for a Protective Role of
Vitamin D against Dementia

#* Mechanisms of brain protection by vitamin D have been
identified:
#* Neuronal protection [Buell and Dawson-Hughes, 2008]
#* Reduced inflammation
#* Neuronal calcium regulation

#* Diseases that precede dementia are often those that
are vitamin D sensitive, suggesting an underlying risk
factor for these diseases and dementia:

¥ cardiovascular diseases, cognitive impairment, diabetes
mellitus, depression, dental caries, osteoporosis, and
periodontal disease

#* Grant WB. Does vitamin D reduce the risk of dementia? J
Alzheimers Dis. 2009 May;17(1):151-9.



List of Vitamin D-Sensitive Diseases A-E

Acne

Acute lower respiratory
infection

Alzheimer’s disease
Amyotrophic lateral
sclerosis

Anaphylaxis

Anemia

Ankylosing spondylitis
Anxiety

Asthma

Athersclerosis

Autism

Bacterial vaginosis
Biliary cirrhosis, primary
(PBC)

Birth defects

Bones — fractures
Bones - osteopenia

Bones — osteoporosis

Bones — Paget’s disease?
Bones — rickets

Brain injury, traumatic
Bronchitis

Cancer — 20 types (Bladder,
breast, cervical, colorectal,
endometrial, esophageal,
gallbladder, gastric, Hodgkin's
lymphoma, leukemia, lung,
melanoma, multiple myeloma,
non-Hodgkin's lymphoma,
ovarian, pancreatic, prostate,
renal, vulvar)

Cardiovascular disease
Celiac disease
Cerebrovascular disease
Chronic kidney disease
Chronic liver disease

Chronic, non-specific
muscle pain
Cognitive impairment
Common cold
Epstein-Barr virus
Congestive heart failure
Chronic obstructive
pulmonary disease
Coronary heart disease
Craniotabies

Cystic fibrosis

Dental caries
Depression

Diabetes, type 1
Diabetes, type 2,

Epilepsy



List of Vitamin D-Sensitive Diseases F-V
e

Fertility, regular menses Lupus Premature birth and low
Fibromyalgia Macular degeneration ~ birth weight
Hashimoto's thyroiditis Meningitis Psoriatic arthritis

(HT) Metabolic disease Renal failure

Headache Mononucleosis Renal osteodystrophy
Hearing loss Multiple sclerosis Rheumatoid arthritis
Hepatitis Muscle strength Respiratory syncytial virus
HIVIAIDS Osteoarthritis Schizophrenia
Hypercalcemia Pancreatis Sepsis/septicemia
Hyperparathyroidism Parkinson's disease Sickle cell disease
Hypertension Pelvic floor status Systemic sclerosis
Inflammatory bowel Periodontal disease Tonsillitis

disease Peripheral artery disease Tuberculosis

Influenza, type A Pneumonia Thrombosis

Insulin resistance Polycystic ovary Uterine leiomyomas
Ischemic cardiac syndrome (fibroids)

arrhythmias Post herpetic neuralgia Vascular dementia

Kidney stones Preeclampsia Vitiligo vulgaris108



Vitamin D Council
I

#¥* Documents on the roles of solar UVB and
vitamin D for about 50 of these conditions and
diseases are posted at

¥ http://www.vitamindcouncil.org/health-
conditions/
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Sources of Vitamin D
I

#* Solar UVB, especially near solar noon, with as much
skin exposed as possible, not so long as to turn pink or
red. Gradual increase in UV in spring/summer leads to
tanning and development of a SPF value of 2-4. Solar
UVB is the source of 90% of vitamin D for most
Americans.

#* Supplements, 1000-4000 IU/day recommended.
#* Diet, provides 250-300 IU/day in the U.S., Canada



Testing Serum 25(0OH)D is Necessary
ﬁ
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Increase in Serum 25(OH)D from

Vitamin D Supplementation

Anticancer Research,

Garland et al.,
2011
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25(0OH)D Concentrations in Africans
000

#* “We measured the sum of serum 25-
hydroxyvitamin D2 and D3 (25(OH)D)
concentrations of thirty-five pastoral Maasai (34
(sd 10) years, 43 % male) and twenty-five
Hadzabe hunter-gatherers (35 (sd 12) years,
84 % male) living in Tanzania.

#* “They have skin type VI, have a moderate
degree of clothing, spend the major part of the
day outdoors, but avoid direct exposure to
sunlight when possible.




25(0OH)D Concentrations in Africans

#* “The mean serum 25(OH)D concentrations of Maasai and
Hadzabe were 119 (range 58-167) and 109 (range 71-
171) nmol/l, respectively. These concentrations were not
related to age, sex or BMI. People with traditional lifestyles,
living in the cradle of mankind, have a mean circulating
25(OH)D concentration of 115 nmol/l.

#* “Whether this concentration is optimal under the conditions
of the current Western lifestyle is uncertain, and should as
a possible target be investigated with concomitant
appreciation of other important factors in Ca homeostasis
that we have changed since the agricultural revolution.

#* Luxwolda et al., British J Nutrition [2012]



Serum 25(0OH)D Concentrations.in
the United States
-—

¥ “The mean serum 25(OH)D level was 30 (95% confidence interval

[Cl], 29-30) ng/mL during NHANES IIl and decreased to 24 (23-25)
ng/mL during NHANES 2001-2004.”

¥ Mean serum 25(OH)D concentrations were

#* 25-28 ng/ml for non-Hispanic white Americans
#* 18-23 for Mexican Americans

#* 14-17 ng/ml for non-Hispanic black Americans

#* Ginde et al., Arch Intern Med. 2009 Mar 23;169(6):626-32.



Vitamin D Production Rate, Season
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Institute of Medicine Report on
Vitamin D and Calcium
S

¥ |n 2011, the U.S. Institute of Medicine released
Its recommendations on vitamin D and calcium.
They found benefits only for bones. They
recommended 600 IU/d for those up to age 70
years, 800 IU/d for those over 70 years. They
recommended a serum concentration of 20
ng/ml.

#* Their report was based on randomized controlled trials
of their liking. Observational studies were mentioned
only in terms of showing U-shaped 25(OH)D-health
outcome relations.




Response to IOM Report
>

#* “The IOM recommendations for vitamin D fail in
a major way on logic, on science, and on
effective public health guidance. Moreover, by
failing to use a physiological referent, the IOM
approach constitutes precisely the wrong model
for development of nutritional policy.”

#* Heaney RP, Holick MF. Why the IOM recommendations
for vitamin D are deficient. J Bone Miner Res.
2011;26(3):455-7.



Overall Responses to the IOM Report

#* As of May 11, there were at least 133 journal
publications criticizing the IOM report.

#* Another recommendation was published by the
Endocrine Society.

#* Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon
CM, Hanley DA, Heaney RP, Murad MH, Weaver CM.
Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab, 2011

Jul;96(7):1911-30.



Endocrine Society Recommendations
000

#* “We suggest that all adults aged 50-70 and 70
yr require at least 600 and 800 |U/d,
respectively, of vitamin D to maximize bone
health and muscle function. Whether 600 and
800 IU/d of vitamin D are enough to provide all
of the potential nonskeletal health benefits
associated with vitamin D is not known at this
time. However, to raise the blood level of
25(0OH)D above 30 ng/ml may require at least
1500-2000 IU/d of supplemental vitamin D.”



Vitamin D Scientil st

¥ Organized by www.grassrootshealth.net

#* 32 leading vitamin D researchers calling for a
standard vitamin D intake of 2000 IU/day and
the achievement of a serum level of 40-60

ng/mi.

#* Signed by JJ Cannell, CF Garland, FC Garland,
E. Giovannucci, ED Gorham, WB Grant, J
Hathcock, RP Heaney, MF Holick, BW Hollis, C
Johnson, JM Lappe, AW Norman, DL Trump, R
Vieth, and WC Willett and many more



Conclusion
Il

#* There Is enough evidence now to conclude that
serum 25(OH)D concentrations of at least 40
ng/ml, can significantly reduce the burden of
breast and many other types of cancer, other
chronic and infectious diseases, adverse
pregnancy outcomes, and increase healthy and
total life expectancy.

¥ Solar UVB irradiance or vitamin D supplements
can be used to reach these concentrations.

¥ |t could take 1000-5000 IU/day vitamin D3
#* Testing serum 25(OH)D recommended.



Additional Resources
R

nttp://www.grassrootshealth.net/
nttp://www.healthresearchforum.org.uk/
nttp://www.pubmed.gov
nttp://www.sunarc.org/
nttp://www.vitamindcouncil.org/

LR . B

¥ Contact the speaker at
wbgrant@infionline.net



