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Vitamin D: Sources and Health

Benefits

Witamina D: zrodta i korzysci zdrowotne

Michael F. Holick

Department of Medicine, Section of Endocrinology, Nutrition, and Diabetes, Vitamin D, Skin and Bone Research

Laboratory, Boston University Medical Center, Boston, MA
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Abstract

The study covers the issues related to source of vitamin D,
including skin synthesis, foods as well as factors affecting
effectiveness of endogenous vitamin D production and food
fortification. The IOM recommendations for vitamin D supple-
mentation and 25(0OH)D concentrations were evaluated and
discussed.

Key woORDS:
B SKIN SYNTHESIS B SUPPLEMENTATION B VITAMIN D
m 25(0H)D

Cutaneous Production of Vitamin D,

The major source of vitamin D for most vertebrates includ-
ing humans is from sun exposure.! During exposure to
sunlight 7-dehydrocholesterol in the epidermis and dermis
absorb solarultraviolet B radiation (UVB; 290-315 nm) caus-
ing it to rearrange its double bonds resulting in an opening
of the B ring resulting in the formation of previtamin D, 2
(Figure 1) Previtamin D, is thermodynamically unstable
and its 3 double bonds rearrange to form the thermody-
namically stable vitamin D,. At body temperature (37°C) in
an organic solvent it takes approximately 24 hours for 50%
of the previtamin D, to thermally isomerize to vitamin D,.
However in human skin this isomerization occurs much
faster and almost 100% of previtamin D, is converted to
vitamin D, within 8 hours.? The reason for the rapid isomeri-
zation is that 7-dehydrocholesterol is incorporated into the
lipid bilayer and when exposed to UVB radiation converts
to the thermodynamically less favorable cis-cis conformer

which in turn rapidly converts to vitamin D,.° (Figure 2)

Streszczenie

W pracy oméwiono Zrédta witaminy D z uwzglednieniem syn-
tezy skérnej i diety oraz czynnikéw wptywajacych na efek-
tywnosé produkcji endogennej witaminy D, a takze aspek-
téw zwiazanych z suplementacjg 2ywnosci. Ocenie poddano
rekomendacje opracowane przez Amerykanski Institute of
Medicine (IOM) dotyczace zalecanych dawek witaminy D oraz

zalecanych stezeii 25(OH)D.

SEOWA KLUCZOWE:
B SYNTEZA SKORNA B SUPLEMENTACJA B WITAMINA D
m 25(CH)D

The more thermodynamically stable conformer (cis-trans)is
unable to isomerize to vitamin D,. In solution previtamin D,
is mainly in the stable cis-trans conformer which is in equi-
librium with its cis-cis relative. Thus it takes a considerable
amount of time for the cis-trans conformer to equilibrate to
the cis-cis conformer which can then isomerize to vitamin
D,. This nonenzymatic catalytic reaction in human skin
also occurs in lizard skin and even mushrooms and has
likely been in existence for more than 500 million years in
phytoplankton.* As soon as previtamin D, undergoes its
transformation to vitamin D, the vitamin D, is ejected out
of the plasma membrane into the extracellular space and
begins to diffuse and enters the dermal capillary bed where

it is bound to the vitamin D binding protein. (Fig 1)
Factors that Affect Cutaneous Vitamin D,
Synthesis

It was speculated that to prevent the overproduction of vita-

min D, from sunlight our ancestors living near the equator
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FIG. 1. Photochemical events that lead to the produc-
tion and regulation of vitamin D, in the skin. DBP is the
plasma vitamin D binding protein. Holick, copyright 2007.
Reproduced with permission.

had evolved dark skin pigmentation.® It is well documented
that there has never been a reported case of vitamin D in-
toxication from excessive sun exposure even in Caucasian
life guards. Therefore it was unlikely that skin pigmenta-
tion per se was the factor that prevented excessive produc-
tion of vitamin D, from sun exposure.

Once previtamin D, is produced it is capable of absorb-
ing solar UV B radiation resulting in the formation of lumis-
terol and tachysterol. (Fig 1) These photoproducts are in
photoequilibrium and approximately 15% of 7-dehydrocho-
lesterol is converted to previtamin D,. Therefore sunlight
is effective in regulating the total amount of previtamin D,
that is produced in the skin.® Whereas previtamin D, once
it converted to vitamin D, influences calcium and bone
metabolism, neither lumisterol or tachysterol have any ef-
fect on calecium and bone metabolism.

Vitamin D, is also able to absorb solar UVB radiation
resulting in the formation of suprasterols. (Fig 1) Therefore
during sun exposure not only is vitamin D, being produced
but a wide variety of other photoproducts are also produced.
Although it is not known at this time whether any of these
photoproducts have unique biologic functions in the skin
or systemically it is clear that skin pigmentation did not
have to evolve to prevent sun induced vitamin D, intoxica-
tion since sunlight itself was effective in limiting the total
production of vitamin D, in the skin.

Melanin skin pigment is very efficient in absorbing
UVB and ultraviolet A (UVA; 321-400 nm) and thus likely

evolved for the purpose of preventing damaging effects

FIG. 2.

A. Photolysis of provitamin D; (pro-D,; 7-dehydrochole-
sterol) into previtamin D, (pre-D;) and its thermal isome-
rization to vitamin D, in hexane and in skin. In hexane

is pro-D; photolyzed to s-cis,s-cis-pre-D,. Once formed,
this energetically unstable conformation undergoes

a conformational change to the s-trans,s-cis-pre-D;. Only
the s-cis,s-cis-pre-D, can undergo thermal isomerization
to vitamin D,.

B. The s-cis,s-cis conformer of pre-D; is stabilized in the
phospholipid bilayer by hydrophilic interactions between
the 3B-hydroxl| group and the polar head of the lipids, as
well as by the van der Waals interactions between the
steroid ring and side-chain structure and the hydrop-
hobic tail of the lipids. These interactions significantly
decrease the conversion of the s-cis,s-cis conformer

to the s-trans,s-cis conformer, thereby facilitating the
thermal isomerization of s-cis,s-cis-pre-D, to vitamin D,.
Holick copyright 2007 with permission.
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from excessive sun exposure including skin cancer, altera-
tion in the immune system and skin damage. However be-
cause melanin is so effective in absorbing UVB radiation
it will markedly limit the cutaneous production of previ-
tamin D,. Blood levels of vitamin D, were obtained from
Caucasian and Black adults who were exposed to the same
amount of UVB radiation. Whereas the Caucasian adults
raised their blood levels by more than 60 fold the Black
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FIG. 3. Influence of season, time of day, and latitude on the synthesis of previtamin D; in Northern (A and C) and
southern hemispheres (B and D). The hour indicated in C and D is the end of the 1-hr exposure time. Holick, copyright

1998. Reproduced with permission.

adults demonstrated no increase. When the Black adults
were exposed to ~6 times more UVB radiation they were
able to raise their blood levels of vitamin D, by about 30
fold.” This is the explanation for why people of color who
live in temperate and more northern and southern latitudes
are at increased risk for vitamin D deficiency.

Similar to melanin, sunscreens are designed to absorb
UVB radiation. A sunscreen with a sun protection factor of
30 is designed to absorb ~97.5% UVB radiation. As a result
when topically applied properly a sunscreen within SPF
of 30 reduces the production of previtamin D, by 97.5%.8

It has been estimated that less than 1% solar UVB ra-
diation ever reaches the earth surface because most of it is

efficiently absorbed by the stratospheric ozone. Therefore

the path length of solar UVB radiation can markedly influ-
ence the cutaneous production of previtamin D,. During
the winter the sun although closer to the earth is at a more
oblique angle and therefore more of the solar UVEB pho-
tons are absorbed by the ozone because of the longer path
length. This is the explanation for why very little if any pre-
vitamin D, can be produced in the skin from sun exposure
during the winter months. Living above ~33° north latitude
(Atlanta Georgia) or below ~ 33° south (Buenos Aires) very
little if any previtamin D, is produced in the skin from
sun exposure.? (Figure 3) This is also the explanation for
why very little if any previtamin D, is produced in the skin
before 10 AM and after 3 PM even in the summer time.?

(Fig 3) The zenith angle of the sun is more oblique similar to
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FIG. 4. Comparison of serum vitamin D, levels after

a whole-body exposure (in a bathing suit; bikini for
women) to 1 MED (minimal erythemal dose) of simula-
ted sunlight compared with a single oral dose of either
10,000 or 25,000 IU of vitamin D,. Holick, copyright 1994.
Reproduced with permission.

winter sunlight and therefore little if any previtamin D, is
produced. Therefore although it is recommended that early
morning and late afternoon sunlight is the best time to be
outdoors without sun protection it is of little or no value in
producing previtamin D,. However most of the solar ultra-
violet radiation during these times is UVA which can deeply
penetrate into the skin and increase risk for skin cancer,
alter the immune system, and increase risk for melanoma
and skin damage including wrinkling.

Aging decreases the amount of 7-dehydrocholesterol in
the skin and as a result elderly exposed to sunlight make
about 1/3-1/4 the amount of previtamin D, compared to a

young healthy adult.10

Food sources

Very few foods naturally contain vitamin D.! Wild caught
salmon and other oily fish and cod liver ocil are the major
sources of vitamin D,. Mushrooms contain ergosterol and
when they are exposed to sunlight or ultraviolet radiation
the ergosterol is converted to previtamin D, which in turn
converts to vitamin D,. Several foods are fortified with
vitamin D including dairy products, orange juice, some
breads and cereals in some countries including the United
States.! (Table 1)

In the 1950s there was an outbreak of hypercalcemia in
infants in Great Britain that was blamed on the fortification
of milk with vitamin D. As a result all European countries
forbid not only dairy products from being fortified with
vitamin D but all foods and products either consumed or
used including topical cosmetic products. In retrospect it
appears that the cause for the hypercalcemia was due to
the fact that these children had Williams syndrome which
is now known to be hypersensitive to vitamin D. Recently
Sweden and Finland have permitted the fortification of
milk with vitamin D however most other European coun-

tries still forbid any vitamin D fortification.

FIG 5.

A. Relationship between hours of sunshine and serum
25(0H)D. O Hours of sunshine; ¢ 25(0H)D (ng/ml).

B. Seasonal fluctuation of serum 25(0OH)D according to
frequency of sun exposure. m Regular sun exposure;
4 occasional sun exposure; ¢ avoiding direct sun expo-
sure. Reproduced with permission.:
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Effect of Sunlight and Ultraviolet Irradiation
on Vitamin D Status

Once vitamin D is produced in the skin or ingested from the
diet it travels to the liver and is converted to 25-hydroxyvi-
tamin D [25(OH)D] which is the major circulating form of
vitamin D and considered as a measure of a person’s vitamin
D status. It then travels to the kidneys where it is converted
to its active form, 1,25-dihydroxyvitamin D [1,25(0OH)D].!
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VITAMIN D CONTENT
SOURCE IU = 25 ng

Vitamin Dy
Vitamin P":“ (Ghatoantciteral]
NATURAL SOURCES
Cod liver oil ~400-1,000 IU/tsp vitamin D
Salmon, fresh wild caught ~600-1,000 1U/3.5 0z vitamin D,
Salmon, fresh farmed ~100-250 I1U/3.5 oz vitamin D;, vitamin D,
Salmon, canned ~300-600 IU/3.5 oz vitamin D,
Sardines, canned ~3001U/3.5 oz vitamin D,
Mackerel, canned ~250 IU/3.5 oz vitamin D,
Tuna, canned 236 1U/3.5 oz vitamin D,
Shiitake mushrooms, fresh ~100 IU/3.5 oz vitamin D,
Shiitake mushrooms, sun dried ~1,600 1U/3.5 oz vitamin D,
Egg yolk ~20 IU/yolk vitamin D or D,
~20,000 IU equivalent to exposure to 1 minimal erythemal dose
Sunlight/UVB radiation (MED) in a bathing suit. Thus, exposure of arms and legs to 0.5
MED is equivalent to ingesting ~3,000 IU vitamin D,.
FORTIFIED FOODS
Fortified milk 100 1U/8 oz usually vitamin D,
Fortified orange juice 100 1U/8 oz vitamin Dy
Infant formulas 100 1U/8 oz vitamin D,
Fortified yogurts 100 1U/8 oz usually vitamin D,
Fortified butter 56 1U/3.5 oz usually vitamin D,
Fortified margarine 429/3.5 oz usually vitamin D
Fortified cheeses 100 1U/3 oz usually vitamin D,
Fortified breakfast cereals ~100 IU/serving usually vitamin Dy

PHARMACEUTICAL SOURCES IN THE UNITED STATES

Vitamin D, (Ergocalciferol) 50,000 IU/capsule
Drisdol (vitamin D,) liquid 8000 IU/cc
SUPPLEMENTAL SOURCES
Multivitamin 400, 500, 1000 IU vitamin D, or vitamin D,
Vitamin D, 400, 800, 1000, 2000, 5,000, 10,000, and 50,000 IU

* Designated calciferol which usually means vitamin D,

www.standardy.pl/pediatria STANDARDY MEDYCZNE/PEDIATRIA m 2012 m 7.9 m 705-715 709
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10M RECOMMENDATIONS REcocnonm':‘NTAETElons
"'FGERZT(}SE Al EAR RDA uL ALLgC\III;AYNCE RUL (1U)
(1u/d)
INFANTS
0to 6 mo 400 1U (10 pg) 1,000 1U (25 pg) 400-1,000 2,000
6 to 12 mo 400 1U (10 pg) 1,500 U (38 ng) 400-1,000 2,000
CHILDREN
13y 4001U (10 ug)  6001U (15ug) 2,500 IU (63 ug) 600-1,000 4,000
4-8y 4001U (10 ug)  6001U (15ug) 3,000 IU (75 ug) 600-1,000 4,000
MALES
9-13y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  600-1,000 4,000
14-18 y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  600-1,000 4,000
19-30y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
31-50 y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
51-70 y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
>70y 4001U (10 png)  8001U (0 ug) 4,000 1U (100 ug)  1,500-2,000 10,000
FEMALES
9-13y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  600-1,000 4,000
14-18 y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  600-1,000 4,000
19-30y 4001U (10png) 600 1U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
31-50 y 4001U (10 png) 600 1U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
51-70 y 4001U (10ug)  6001U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
>70y 4001U (10ug)  800IU (20 ug) 4,000 U (100 ug)  1,500-2,000 10,000
PREGNANCY
14-18 y 4001U (10ug)  6001U (15ug)  4,0001U (100ug)  600-1,000 4,000
19-30y 4001U (10ug)  6001U (15ug) 4,000 1U (100 ug)  1,500-2,000 10,000
31-50 y 4001U (10ug)  6001U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000
LACTATION*
14-18 y 4001U (10ug)  6001U (15ug)  4,0001U (100ug)  600-1,000 4,000
19-30y 4001U (10ug)  6001U (15ug) 4,000 1U (100 ug)  1,500-2,000 10,000
31-50 y 4001U (10ug)  6001U (15ug)  4,0001U (100 ug)  1,500-2,000 10,000

* Mother’s requirement 4,000-6,000 (mother’s intake for infant’s requirement if infant is not receiving 400 1U/d)

NOTE: Al = Adequate Intake; EAR = Estimated Average Requirement; IU = International Units; RDA = Recommended Dietary Allowance; UL = Tolerable
Upper Intake Level.
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vitamin D, healthy adults in a bathing suit were exposed to
one minimal erythemal dose (MED) of UVB radiationin a
tanning bed and blood levels of vitamin D were determined
at various times. Two weeks later the same adults received
a 50,000 IU dose of vitamin D, and blood levels of vitamin
Dwere determined at similar times. Based on the area un-
der the curve it was estimated that a single whole body
exposure to IMED of solar UVB radiation raises the blood
levels of vitamin D and sustains them similar to taking
between 15,000-20,000 IU dose of vitamin D.11 (Figure 4)
Thus the skin has a large capacity to produce vitamin D,.
Even elderly can raise their blood levels of 25-hydroxyvita-
min D from sun exposure and exposure to UVB radiation
in a tanning bed.12 When healthy adults with various skin
types and degrees of skin pigmentation were exposed to
the UVB radiation in a tanning bed they were capable of
raising their blood levels of 25(OH)D to a greater extent
than taking 1000 IU of vitamin D, daily.!?

The impact of sun exposure on a person’s vitamin D sta-
tus is clearly demonstrated in Figure 5. Even in Denmark
serum 25-hydroxyvitamin D reached levels of 25(OH)D
~32 ng/mL at the end of the summer and substantially
declined and reached a nadir of ~18 ng/mL at the end of

the winter.13

Definition of Vitamin D Deficiency and
Insufficiency and the Vitamin D Deficiency
Pandemic

Vitamin D deficiency is a global health problem due in
part to the lack of appreciation of the importance of sun
exposure as the major source of vitamin D for all children
and adults. Vitamin D deficiency is defined as a 25(0OH)
D <20 ng/mL by both the Institute of Medicine (IOM)*
and the Endocrine Society’s Practice Guidelines.!® The En-
docrine Society also defined vitamin D insufficiency as a
25(0OH)D of 21-29 ng/mL.1» To maximize calecium and bone
metabolism a blood level of 25(0OH)D > 30 ng/mL should
be maintained. PTH levels continue to decline and simi-
larly secondary hyperparathyroidism is minimized when
blood levels of 25(OH)D > 30 ng/mL." Vitamin D deficiency
osteomalacia is also minimized in healthy adults whose
blood levels were >30 ng/mL.!17 In addition it was recog-
nized that maintenance of serum 25(0OH)D > 30 ng/mL also
was important for maximum muscle strength and reduced
risk for falls not only by the Endocrine Society but also the
International Osteoporosis Foundation and the Agency for
Healthcare Research and Quality for the US Preventative
Services Task Force.18

With these definitions in mind the CDC reported that

32% of children and adults in the United States have a blood
level of 25(0OH)D < 20 ng/mL.1¥ This is due to the fact that
is not possible even in the United States to obtain the IOM
recommended RDA of 600 IU/d from dietary sources.
(Table 1 & Table 2) This is why the world’s population is at
high risk for vitamin D deficiency. Very few foods naturally
contain vitamin D and without adequate sun exposure the
entire population is at risk for vitamin D deficiency includ-
ing those living in sunny climates in the Middle East, Aus-
tralia, Thailand, Brazil and even South Africa.l8 (Figure 6
—see page 592, Figure 1) Healthy black children in South
Africa who were constantly exposed to sunlight and Maasai
herders were reported to have blood levels of 25(OH)D 49+4
ng/mL and 47 +10 ng/mL respectively.18:20

Treatment and Prevention of Vitamin D
Deficiency and Insufficiency

The IOM came out with its recommended RDAs and con-
cluded that children above one year and adults up to the age
of 70 require 600 IU daily to prevent vitamin D deficiency.14
(Table 2) It seems a little unusual that a 1-year-old requires
the same amount of vitamin D as a teenager or young adult.
More importantly during pregnancy and lactation it would
seem that a higher vitamin D requirement is necessary.
This is supported by several observations that pregnant
women are at very high risk for vitamin D deficiency even
when they were documented to be taking 600 IU daily.21.22
The Endocrine Society’s guidelines recommend a range of
vitamin D intake to prevent and treat vitamin D deficiency.
For children over the age of one 600-1000 IU was recom-
mended while for adults 1500-2000 IU daily was thought
to be required. (Table 2) These recommendations are based
on published observations demonstrating that these doses
of vitamin D were effective in maintaining blood levels of
25(0OH)D > 30 ng/mL in children and adults.

Though there has been some concern that vitamin D,
is less effective than vitamin D, in maintaining serum
25(0OH)D levels and that vitamin D, potentially increas-
es the destruction of vitamin D, thus increasing risk for
vitamin D deficiency.23-2° However carefully controlled
studies have challenged this concern. When healthy
adults received 1000 IU of vitamin D, or 1000 IU of vita-
min D, the circulating concentrations of total 25(OH)D
increased by approximately 10 ng/mL after 6 weeks and
were maintained for an additional 5 weeks.26 (Figure 7)
Equally important was the observation that the blood lev-
els of 25(OH)D, did not change in the group that received
vitamin D,. To be convinced that vitamin D, did not in-

fluence vitamin D; metabolism a group of healthy adults
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received a capsule that contained 500 IU vitamin D, + 500
IU vitamin D,. As can be seen in Figure 7 the total blood
level of 25(0OH)D rose by approximately 10 ng/mL similar
to the groups that received 1000 IU vitamin D, or 1000 IU
vitamin D,.%6 (Fig 7)

It has been embedded in most people’s minds that vi-
tamin D is extremely toxic. Even the IOM recognized that
it is not as toxic as once believed and suggested that for
most children and all adults 4000 IU vitamin D daily is
safe upper limit.}* The Endocrine Society recommended
based on the literature that up to 10,000 IU daily is safe
for adults.!®(Table 2) When healthy adults received 50,000
IU twice a month (equivalent to ~3300 IU daily) for up to 6
years they were able to maintain their blood level 25(0H)D
in the 40-60 ng/mL range without any toxicity.?’ (Figure 8)
To determine the effect of long-term vitamin D, treatment
on total 256(OH)D and 25(OH)D, levels it was observed that
the total 25(0OH)D concentration increased. Not surprising
the 25(0OH)D, levels decreased due to the fact that the liver
was being provided with much more vitamin D, than vita-
min D, and thus preferentially metabolized vitamin D, to
25(0OH)D,. However after up to 6 years the total blood level
of 25(0OH)D was maintained about 30 ng/mlL.28

Conclusion

Vitamin D deficiency has been linked to many chronic dis-
eases including common cancers, autoimmune diseases in-
cluding type 1 diabetes, multiple sclerosis, rheumatoid arthri-
tis and Crohn’s disease, cardiovascular disease, depression,
dementia, type 2 diabetes, infectious diseases and all-cause
mortality.»2°-32 (Figure 9) Although there remains great skep-
ticism about these nontraditional health benefits of vitamin
D it needs to be recognized that essentially every cell and
organ in the body has a vitamin D receptor. In addition many
of these cells including those in the brain, prostate, breast,
colon, skin and activated macrophages have the ability to
locally produce 1,25(0H),D3334 which as a nuclear regulatory
factor may directly or indirectly influence as many as 2000
genes.?® Genes that have been identified as having a vitamin
D responsive element and therefore responsive to the tran-
scriptional activity of 1,25(0H),D include genes that regulate
cellular proliferation, differentiation, apoptosis, cathelicidin,
insulin and rennin production.}33-36 The studies associating
improved vitamin D status with improved health had been
recently bolstered by recent prospective studies demonstrat-
ing that higher 25(0OH)D concentrations were associated with
reduced risk of developing pre-type 2 diabetes (metabolic
syndrome) and progression from metabolic syndrome to type
2 diabetes.37-39

Serum 25(OH)D (ng/ml)
S

8
1

¢ 25(0H)D,

4

2

0l . . . . . . . .

0 1 2 3 4 5 6 7 8 9 10 M
Time (weeks)
= 34|
E » B ) W .
o 30 I -
E' 28 25(0H)D3_ .//‘\\ - /A\ '//)I_ "“—._{t
Ezs T oa—¥ LY NV
T 24 a8 I |
S 22 . |
Q 200 7
€ 1gl )
= 2L
= | 25(0OH)D
Q ___2
w Ol —=— —-— —=
0 1 2 3 4 5 6 7 8 9 10 N

Time (weeks)

25(0H)D,
St THE
LP S and

25(0H)D,

)
L=

Serum 25(0OH)D (ng/ml)
S

10 1

0 1 2 3 4 5 6 7 8 9
Time (weeks)

FIG. 7. Effect of vitamin D, or vitamin D, on serum
25-hydroxyvitamin D, [25(OH)D,] and 25-hydroxyvitamin
D, [25(0H)D;] levels. Serum levels of 25(0H)D, (-+-)and
serum 25(0H)D; (-m-) were measured in healthy subjects
received 1,000 IU of vitamin D, (Panel A) 1,000 IU of
vitamin D; (Panel B), or 500 IU of vitamin D, + 500 IU

of vitamin D; (Panel C) daily 3 mos. Results are presen-
ted as means * SEM over time. In Panel A, *P< 0.0001
comparing 25(0OH)D, from baseline to 3 mos. In Panel

B, *P <0.0001 comparing 25(0H)D, from baseline to 3
mos. In Panel C, *P=0.0014 comparing 25(0H)D, and
placebo from baseline to 3 mos, **P=0.0031 comparing
25(0H)D, and placebo from baseline to 3 mos. Note
serum 25(0OH)D, levels <4 ng/ml were determined by
subtracting the total 25(0H)D, from the total 25(0H)D
levels. Reproduced with permission.3¢
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There has been concern that there is a J curve regarding
vitamin D status and mortality.!* However recent studies have
confirmed previous observations that increasing vitamin D
status along with calcium intake reduces all-cause and cardio-
vascular mortality.!® Thomas et al.*? conducted a prospective
study in 1801 adults with documented metabolic syndrome
and observed 92% had blood levels of 25(0H)D <30 ng/mL
and 22% had levels of <12.5 ng/mL. After adjusting for con-
founding variables they observed a 75% reduction in all-cause
mortality and 66% reduction in cardiovascular disease mortal-
ity in participants with a blood level >30 ng/mL versus those
with <12.5 ng/mL.

FIG. 8.

A. Mean serum 25-hydroxyvitamin D [25(OH)D] levels in
all patients: This graph includes all patients treated
with 50,000 IU vitamin D, every 2 weeks (mainte-
nance therapy, N=86) Forty-one of the patients were
vitamin D insufficient or deficient and first received
50,000 IU vitamin D, weekly for 8 weeks before
being placed on maintenance therapy of 50,000 IU
vitamin D, every two weeks. Error bars represent the
mean * SEM. Time O is initiation of treatment, results
shown as mean values averaged for intervals of 6
months. The mean 25(0H)D of each 6 month interval
was compared to initial mean 25(0OH)D and showed
a significant difference of p<0.001 for all time points.

B. Mean serum 25(OH)D levels in patients receiving
maintenance therapy only: Thirty-eight patients who
were vitamin D insufficient [25(OH)D levels < 21-29
ng/mL] and 7 patients who were vitamin D sufficient
[25(OH)D levels =30 ng/ml] who were treated only
with maintenance therapy of 50,000 IU vitamin D,
every two weeks. Error bars represent the mean
+ SEM. Time O is initiation of treatment, results
shown are interval mean values averaged for inter-
vals of 6 months. The mean 25(0H)D in each 6 month
interval were compared to mean initial 25(0H)D and
showed a significant difference, p <0.001 for all time
points up to 48 months. The data for interval months
60 and 72 were pooled and there was a significant
difference p<0.01 compared to the baseline value.

C. Serum calcium levels: Results for all 86 patients who
were treated with 50,000 IU of vitamin D,. Error
bars represent standard error of the mean. Time 0 is
initiation of treatment, results shown are mean values
averaged for intervals of 6 months. Normal serum
calcium: 8.5-10.2 mg/dL.

Reproduced with permission.?’

There needs to be a global mobilization of healthcare pro-
fessionals to recommend effective methods of preventing vi-
tamin D deficiency. This can be accomplished by (a) instituting
vitamin D fortification programs for foods that are consumed
by the respective indigenous populations, (b) increasing in-
take of foods that contain vitamin D including oily fish and
sun exposed mushrooms and (c) recommending sensible sun
exposure. It is remarkable that throughout evolution sunlight
has played such an important role in the evolution of verte-
brates by providing them with their vitamin D.# It is unfortu-
nate that sunlight has received such a bad reputation to the
point of some including the American Academy of Dermatol-
ogy recommending that no one should ever be exposed to di-
rect sunlight without sun protection.*! There is no question
excessive exposure to sunlight especially to the face can in-
crease risk for nonmelanoma skin cancer which is easy to de-
tect and easy to treat. There is however no evidence to sug-
gest that sensible sun exposure to arms, legs, abdomen and
back which is equivalent to being exposed to an amount of
sunlight that is about 50% of what would cause one MED,
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FIG. 9. A Schematic Representation of the Major Causes for Vitamin D Deficiency and Potential Health Consequences.

Holick copyright 2010. Reproduced with permission.

i.e. a slight pinkness to the skin 24 hours after sun exposure,
increases risk for nonmelanoma skin cancer. In addition sun-
light has also been dammed for causing melanoma. It is of-
ten forgotten that most melanomas occur on the least sun
exposed areas and occupational sun exposure decreases risk
for melanoma. The principal causes for this deadly skin cancer
include number of sun burning experiences, being redheaded,
large number of moles and bad genetics.*2 Even Australia, the
skin cancer capital of the world, now recognizes that its mes-
sage of sun exposure avoidance without sun protection has
led to more than 40% of the Australia population being vita-
min D deficient.!® The Australian Dermatology Society now
recommends sensible sun exposure as a means of providing
vitamin D. With all of the health benefits associated with im-
proving one’s vitamin D status and the fact that sensible sun
exposure is free is all the more reason to consider sun expo-
sure along with improvement in dietary intake and vitamin D

supplementation as methods to prevent vitamin D deficiency
and insufficiency in children and adults worldwide. ll

Michael F. Holick, PhD, MD
Boston University School of Medicine
85 East Newton Street, M-1013

Boston MA 02118

X mfholick@bu.edu
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