From Seafood
to Sunshine

A New Understanding of Vitamin D Safety
By Chris Masterjohn

V

itamin D may be one of the most fundamentally important building blocks available to us for
creating and sustaining vibrant health. In addition to its classically understood role in bone formation
and calcium absorption, research has uncovered myriad
roles for vitamin D, ranging from increasing muscular
coordination to preventing cancer, heart disease, autoimmune diseases and radiation-induced tissue damage.1  Yet
vitamin D is also considered to be “the most toxic of all
vitamins.”2 It is therefore crucial for us to understand just
how much vitamin D is necessary for optimal health and
just how much can be toxic.

Although Weston Price found the foods of primitive diets to be a full
ten times higher in the fat-soluble vitamins than the “foods of modern commerce” that displaced them, he did not report the absolute amount of vitamin
D in these diets.3 At the time he wrote, Price did not have a specific chemical test for vitamin D at his disposal, nor did he have a way of quantifying
the amount of vitamin D the people he studied obtained from sunlight. We
must therefore turn to modern research to be able to determine our needs
for vitamin D.
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A person who wishes to obtain this information from a natural health perspective, however, is
faced with a number of conflicting recommendations about both the requirements for and safety
of vitamin D. While the upper limit of vitamin
D intake considered safe by official organizations may be set far too low to allow most of
us to attain optimal levels of vitamin D, some
researchers concerned with the widely variable
responses of individuals
to vitamin D supplementation consider it unsafe to supplement with
even moderate doses
of vitamin D without
testing and supervision.
Most of these recommendations, like most of
the research on vitamin
toxicity, fail to take into
account the interaction
between vitamins A, D
and K, which may be
the most critical point to
address in a discussion
of vitamin D’s toxicity.
In fact there is compelling evidence to support
the premise that vitamin D toxicity results from
a relative deficiency of vitamins A and K.
It is not the purpose of this article to establish
which intake of vitamin D is safe to consume
without testing one’s vitamin D levels or at which
intake of vitamin D one must begin testing. This
article instead presents the facts, probabilities
and uncertainties about vitamin D requirements
and safety, the importance of the form of vitamin
D consumed and the protective and synergistic

context of a nutrient-rich diet. With this information, each individual can
make the personal decision of whether and when to test.
Vitamin or Hormone?
Like the active form of vitamin A, the active form of vitamin D—called
calcitriol—is a hormone.5  Although its structure is similar to that of the
steroid hormones, vitamin D is classified as a secosteroid because one of
its carbon rings is split open.6  
Hormones can act in two ways: first, they can slip inside of a
cell and enter the nucleus,
where they bind to DNA
and thereby direct a cell
to turn the expression of a
gene on, off, up or down;
second, they can bind to a
receptor on the outside of a
cell membrane and thereby
transmit a signal to the cell,
telling it to change what it
is doing in any number of
ways. Activated vitamin D
does both.5,7 Because of the
similarities in the molecular
nature of their interaction
with genes, the receptors
for activated vitamins A
and D together with the receptor for thyroid hormone constitute a distinct
family of hormone receptors.5
Before vitamin D can act as a hormone, however, it must go through two
steps of activation: first, it must be converted in the liver into 25-hydroxyvitamin D, also called calcidiol; second, calcidiol must be converted into 1,
25-dihydroxyvitamin D, also called calcitriol, which is formed primarily
by the kidneys but also in small amounts by virtually all cells. Calcidiol is
the major storage form of vitamin D. Since it is more water-soluble than
unconverted vitamin D, it is easier to carry in large amounts in the blood
where it is bound to the water-soluble vitamin D-binding protein (DBP),
readily on hand to be quickly converted into calcitriol as needed.8  
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Some authors have suggested that we should
frame the discussion of the toxicity of vitamin D
by viewing vitamin D as a hormone rather than
a vitamin.9 Although trace amounts of calcitriol
and small amounts of calcidiol are found in butter,10 only unconverted vitamin D is found in
significant amounts in cod liver oil and most
other vitamin D-rich foods.11 It would therefore
be a mistake to liken the consumption of vitamin
D to a type of hormone therapy. Since thyroid
hormone is, like calcitriol, produced within the
body by modifying nutrients found in foods, we
can draw an analogy between these two hormones
to illustrate this point.
Whereas calcitriol is produced in the kidneys and other tissues by chemically modifying vitamin D, thyroid hormone is produced
in the thyroid by attaching the mineral iodine
to several sites on the amino acid tyrosine.
Prescription treatment with the fully activated
calcitriol, therefore, would be analogous to
prescription treatment with thyroid hormone;
treatment with isolated vitamin D supplements
would be analogous to taking isolated tyrosine
and iodine supplements; consumption of vitamin
D-rich foods, finally, would be analogous to the
consumption of foods such as ocean fish, which
contain tyrosine enmeshed in large proteins and
contain iodine from the mineral-rich seawater.
Nevertheless, we cannot ipso facto assume
that because vitamin D-rich foods are natural,
they are 100 percent safe in unlimited quantities
and in any context. While some foods are very
rich in vitamin D, most foods are not. Neither
foods nor the nutrients within them are ever
consumed alone; rather, they are consumed
within the broader context of a diet that provides
a full spectrum of nutrients, not all of which are
substantially present in each individual food.

Sunlight is and has been throughout human existence readily available for vitamin D synthesis
year-round in the tropics, yet even sunlight cannot
be considered standing alone, but must be seen
within the context of a diet that provides other
nutrients, such as vitamins A and K, both of which
have been shown to interact with vitamin D.
Before beginning any discussion of vitamin
D requirements or safety, therefore, it is important to understand how we obtain vitamin D, the
differences in the metabolism of vitamin D from
various sources and how vitamin D metabolism
interacts with other factors in our lifestyles and
diets.
Sources of Vitamin D: Sunlight
Sunlight of the ultraviolet-B (UVB) wavelength converts 7-dehydrocholesterol in the skin
into vitamin D. At most latitudes outside of the
tropics, however, there are substantial portions of
the year during which vitamin D cannot be obtained from sunlight; additionally, environmental
factors including pollution and the presence of
buildings can reduce the availability of UVB
light. (See sidebar on page 17.)
In addition to environmental factors, racial,
religious and lifestyle factors as well as age can
also affect one’s ability to obtain vitamin D from
the sun. Skin pigmentation can reduce the rate of
vitamin D synthesis by a factor of 50.12  Blacks
living in America and Europe are therefore at
an increased risk of vitamin D deficiency both
compared to whites living in the same country
and compared to blacks living in Africa, where
UVB availability is greater.13  
Only a given amount of vitamin D can be
produced in a given area of skin before it reaches
an equilibrium; the amount of vitamin D one
obtains from the sun, therefore, is proportion-

Diseases Against Which Vitamin D is Proven to or Suggested to Protect1,4
•
•
•
•
•
•
•
•
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Rickets and osteomalacia
Hypocalcemia
Convulsions, tetany and heart failure in the newborn
Osteoporosis
Cancer
Heart disease
High blood pressure
Obesity

•
•
•
•
•
•
•
•

Arthritis
Mental illness
Chronic pain
Muscular weakness
Radiation poisoning
Diabetes
Multiple sclerosis
Other autoimmune diseases
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ate to the amount of skin one exposes. Dressing
conservatively will for this reason reduce vitamin
D synthesis. A large proportion of children who
have developed rickets, a rare and extreme disease of vitamin D deficiency, have belonged to
families practicing the use of restrictive clothing
for religious reasons.14,15
Clothing is not the only way to stop vitamin
D synthesis in the skin: even the simple use of a
sunscreen with SPF 8 reduces UVB penetration
by 98 percent and essentially abolishes vitamin
D production.12
The concentration of 7-dehydrocholesterol in
the skin declines with age, resulting in a 4-fold
reduction in vitamin D synthesis in a 70-year-old
compared to a 20-year-old.12 This suggests that
the dietary need for vitamin D increases substantially with age, and also forms a basis to question
the safety of administering cholesterol-lowering
statin drugs to the elderly, which could further
reduce levels of 7-dehydrocholesterol. As shown
in the side bar on page 18, the effect of statins
on vitamin D synthesis has not been sufficiently
investigated.
Sources of Vitamin D: Foods
As can be seen in Table 1, page 19, vitamin
D is present in small amounts in fatty animal

products from terrestrial sources, but in large
amounts primarily in seafood. Although fish can
synthesize vitamin D in their skin if they swim
near the surface of the sea, the primary reason
sea animals are such a rich source of vitamin D
is because they consume massive amounts of
plankton, which is rich in precursors—called
provitamins—to vitamin D2, vitamin D3 and other
unidentified forms of vitamin D. Amazingly, vitamin D3, which fish appear to synthesize from its
precursor without the use of sunlight, is the only
form of vitamin D that has ever been found in
fish, despite their consumption of large amounts
of provitamin D2; whether this is because they
selectively discard provitamin D2 or are able to
completely convert it to vitamin D3 remains a
mystery.12
Vitamin D concentrates in the ocean’s food
chain. A single fish consumes 1.2 percent of its
body weight in plankton every 24 hours. By
feeding on fish, seals consume the equivalent of
half a ton of plankton to produce each pound of
their body weight. In turn, killer whales that feed
on seals consume the equivalent of five tons of
plankton for each pound of their body weight.12
This phenomenon would explain why Weston
Price found seal oil, which he estimated to constitute 200 calories per day of the Inuit diet, to be
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The Synthesis of Vitamin D IN THE SKIN and the Vitamin D Winter
When sunlight of the ultraviolet-B (UVB) wavelength strikes the skin, it is absorbed by 7-dehydrocholesterol, a steroid
and precursor to cholesterol, splitting open one of its carbon rings and thus converting it into the secosteroid previtamin
D3. While 7-dehydrocholesterol is tucked tightly within the lipids of skin cell membranes, previtamin D3 is an unstable
compound that over a brief period of time converts into vitamin D3, causing it to be released from the cell membrane.12
Vitamin D3 then travels into the blood where it binds to vitamin D-binding protein (DBP).16 Eventually, it is delivered
to the liver where it is converted into its primary storage form, calcidiol, which is likewise transported in the blood by
DBP.8
Full-body exposure of pale skin to summer sunshine for 30 minutes without clothing or sunscreen can result in the
synthesis of between 10,000 and 20,000 IU of vitamin D. Two mechanisms, however, prevent the body from synthesizing an excessive amount of vitamin D: first, a given area of skin can only produce a certain amount of vitamin D before
it reaches an equilibrium in which vitamin D is degraded by sunlight as fast as it is synthesized; second, after repeated
exposure to sun, the pigment melanin accumulates, which decreases the formation of vitamin D.8 Although the various
degradation products of excess vitamin D have generally been presumed to be inactive, several of them exert biological
activity in skin cells, where they may prevent hyperproliferative disorders such as psoriasis.17
The amount of UVB radiation available depends on the angle at which the sun’s rays strike the earth, the presence
of clouds and buildings, ozone and aerosol pollution, altitude and reflective surfaces such as snow.18 Because of the effect of the sun’s angle, Webb and colleagues showed in 1988 that, even in completely clear skies, synthesis of vitamin D
in the skin is impossible for four months of the year in Boston, Massachusetts and six months of the year in Edmonton,
the capital of Alberta, Canada. The Webb team found that such a “vitamin D winter” occurred during at least part of
the year at any latitude greater than 34 degrees.19 More recently, one group of researchers used a computer model to
suggest that in the nearly unattainable condition of truly clear skies, the vitamin D winters are shorter than Webb’s team
suggested, but that under some environmental conditions, vitamin D winters can occur even at the equator.18
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several times higher in the fat-soluble vitamins
than ordinary cod liver oil.30
One rich source of vitamin D from land
animals that is generally overlooked is blood.
Since mammals store their vitamin D primarily
in the blood as calcidiol, which is roughly five
times as potent as unconverted vitamin D,31 the
concentration of vitamin D activity in the blood
will be much higher than that of other tissues.
An animal exposed to optimal levels of UVB
radiation could contain as much as 16 IU/mL.
The Maasai, who at times drink the blood of
their animals, may obtain a significant amount
of vitamin D from this source. A recipe for blood
sausage using two cups of blood would yield
almost 8,000 IU of vitamin D.32
Absorption of dietary vitamin D occurs in
the jejunum and ileum of the small intestine and
is dependent upon the adequate supply of bile
salts.8 Whereas vitamin D synthesized in the
skin is carried by the vitamin D-binding protein
as soon as it reaches the blood, dietary vitamin
D is transported by chylomicrons through the

lymphatic system, where some of it is delivered
to vitamin D-binding protein, some to other
lipoproteins including LDL, and some to the
liver. Because chylomicrons and LDL deliver
substances to the liver very efficiently, dietary
vitamin D is converted to calcidiol much more
quickly than is vitamin D that has been synthesized in the skin.16
SUNLIGHT VERSUS FOOD
Compared to vitamin D from sunlight, dietary vitamin D has several advantages and disadvantages. Unlike vitamin D from sunlight, dietary
vitamin D can be obtained on a year-round basis
at any region of the earth, and can be obtained
by people who because of business or lifestyle
do not have the opportunity or desire for afternoon sunbathing. On the other hand, there is no
known inherent mechanism for protecting against
the absorption of excessive vitamin D when it
is obtained from the diet as there is when it is
obtained from sunlight. Conditions interfering
with the absorption of dietary fat such as celiac

Do Statins Inhibit Vitamin D Synthesis?
HMG-CoA reductase inhibitors, often referred to as “statins,” block cholesterol synthesis by competitively inhibiting the enzyme that converts HMG-CoA into mevalonate. Mevalonate is a precursor not only to cholesterol, but also to
coenzyme Q10, squalene, and a wide class of compounds called isoprenes. Among the isoprenes, dolichol is responsible
for adding physiologically important sugar groups to thousands of different proteins, while several others are responsible
for anchoring thousands of proteins to cell membranes.20 Since mevalonate is also a precursor to 7-dehydrocholesterol,
from which vitamin D is synthesized in the skin, it must be asked whether statins inhibit the synthesis of vitamin D.
The 7-dehydrocholesterol reductase enzyme (7-DHCR), which is responsible for converting 7-dehydrocholesterol into
cholesterol, possesses a specific component that is able to sense the presence of cholesterol and other sterols and may
reduce its activity when the pool of cholesterol or its precursors is depleted.21 If this is the case, the pool of 7-dehydrocholesterol could be preserved even in the face of decreasing mevalonate. Despite this possibility, mevinolin, the active
ingredient in red yeast rice, is capable of reducing 7-dehydrocholesterol levels,22 and simvistatin (Zocor) not only inhibits
the synthesis of mevalonate but also enhances the conversion of 7-dehydrocholesterol to cholesterol by increasing the
expression of 7-DHCR.23 Simvistatin thereby hits the pool of 7-dehydrocholesterol with a double-whammy, both decreasing its synthesis and increasing its degradation.
Only four studies have examined the effect of statins on vitamin D status.24 Three studies using pravastatin (Pravachol)
for durations of eight weeks,25 three months26 and six months27 all showed no effect on vitamin D status. One Czechoslovakian study of which only the abstract is available in English claims to have shown lovastatin (Mevacor) to increase vitamin
D levels over three months,28 although there is no indication in the abstract that the researchers controlled for the effect
of seasonality, which could easily have confounded the results.
Dr. Peter Langsjoen of the East Texas Medical Center in Tyler, Texas and his associates showed lovastatin to decrease
coenzyme Q10 levels over a period of 18 months before they reached their lowest point.29 The reduction of coenzyme Q10
levels in the blood in this case is analogous to the reduction of 7-dehydrocholesterol levels. We would expect it to take
an even longer time for this effect to appreciably change the concentration of 7-dehydrocholesterol in the skin, and yet
longer to measurably impact the vitamin D levels of the blood. Since the durations of these studies are therefore woefully
inadequate and since each individual statin may impact 7-dehydrocholesterol levels differently, the possibility that statins
reduce vitamin D status remains an unstudied risk.
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disease interfere with the absorption of dietary
vitamin D, making vitamin D from sunlight, if
available, preferable in such situations.8
The capacity to synthesize vitamin D in the
skin decreases dramatically with age.12 For the
elderly, then, increasing dietary vitamin D may
be much more practical to achieve than extensive
exposure to sunlight, and in many cases may be
a necessity.
The Vitamin D-Binding Protein
The vitamin D-binding protein (DBP) is
a highly specific carrier for vitamin D and its
metabolites in the blood. DBP is related and
very similar to serum albumin, which is a nonspecific carrier of a wide variety of molecules,
but its binding site is modified to be specific for
vitamin D. It is present in all true vertebrates and
in some but not all species of cartilaginous fish,
suggesting that it first appeared in the latter group,
paving the way for the calcification of the true
skeletons found in all subsequent vertebrates.37
DBP can be likened to a savings account for
vitamin D. If we kept all of our money as cash
on hand, we would on the one hand risk the loss
or theft of large sums of money, and on the other
hand be tempted to spend too much of it at once.
Likewise, if we did not have a way to store extra
vitamin D in the blood, we would on the one
hand be forced to excrete any excess over our
immediate needs, and on the other hand have no
way to prevent an excess of active metabolites
from being delivered randomly to tissues that do
not need them. DBP thus acts both to make our
use of vitamin D more efficient and to reduce the
risk of vitamin D toxicity.

DBP also enhances the effectiveness of
vitamin D in a second way: the kidneys possess
a protein called megalin that is capable of binding DBP, thereby bringing vitamin D into the
kidney where it can be activated into calcitriol
as needed.37
Various factors affect our ability to maintain a
healthy supply of DBP. Rats fed protein-deficient
diets have decreased DBP concentrations and a
decreased ability to regulate calcium metabolism.38 Humans with acute liver failure also have
depressed levels of DBP.39  This may be because
the synthesis of DBP in the liver declines during
such a condition, but DBP also plays a secondary
role in scavenging harmful cellular debris from
the blood; therefore, any kind of acute tissue
damage can overwhelm our supply of DBP. Since
saturated fats protect the liver from damage while
polyunsaturated fats from vegetable oils enhance
the ability of toxins to cause liver damage,40,41
consumption of a diet rich in saturated fats and
avoidance of vegetable oils, excessive alcohol,
and drugs that are toxic to the liver could all help
maintain healthy levels of DBP.
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Vitamin D2 versus Vitamin D3
There are two primarily available forms of
vitamin D: vitamin D3 is synthesized by animals
in their skin and the oils of their fur and is provided by animal foods in the diets of carnivorous
and omnivorous mammals; vitamin D2 is synthesized industrially by irradiating yeast and is
present in small amounts in common mushrooms
and in large amounts in several obscure mushrooms.33 The notion that these two compounds are
biologically equivalent to each other in humans

Table 1: Vitamin D3 Content of Selected Foods33
Food (100 g unless otherwise specified)		

Vitamin D (IU)

Anglerfish Liver 					
Summer Pork or Bovine Blood (1 cup)32		
High-Vitamin Cod Liver Oil (1 tablespoon)34 		
Indo-Pacific Marlin 					
Chum Salmon 					
Standard Cod Liver Oil (1 tablespoon)			
Herring 						
Cultured Bastard Halibut and Fatty Bluefin Tuna
Duck Egg						
	Grunt and Rainbow Trout				
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4,400
4,000
3,450
1,400
1,300
1,200
1,100
720
720
600

Food 				

Vitamin D (IU)

Eel					
200 - 560
Cultured Red Sea Bream		
520
Mackerel			
345 - 440
Salmon				
360
Canned Sardines			
270
Chicken Egg			
120
Pork Liver			
50
Unfortified Summer Milk (1 liter)35 40
Beef Liver			
30
Pork				
28
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is so ingrained that it is sometimes stated as fact
in textbooks even without any supporting references.8 However, research shows that vitamin D3
is between five44 and ten45 times more effective
than vitamin D2 at raising serum calcidiol levels.
Although not proven, the most likely explanation
is that vitamin D2 has a lower binding affinity for
the vitamin D-binding protein (DBP).45
If vitamin D2 does not bind as well to the
DBP, this raises the question of whether it may
have more potential for toxicity. After all, this
is as if our bank were to place a cap on the proportion of our incomes that we were allowed to
deposit into our savings accounts. With more cash
on hand, we are more likely to spend it when and
where we should not. Likewise, if vitamin D2 is
more likely to float around freely without being
“deposited” into the DBP savings account, it may
be more likely to be delivered randomly to tissues
when and where they have no need for it, thereby
resulting in toxic effects.
Supporting this view is Dr. Reinhold Vieth, a
medical researcher at the University of Toronto’s
Mt. Sinai Hospital, who points out that in all
known cases of vitamin D toxicity where the
dose used was intentional, the form used was
vitamin D2. By contrast, reported cases of vitamin
D3 toxicity have all been accidents involving the
consumption of extreme doses that were not intended to be consumed.33 This fact must be interpreted with caution, however, because vitamin D3
has neither been used nor studied as extensively
as vitamin D2; therefore the absence of proof of
toxicity is not necessarily proof of the absence
of toxicity. Additionally, some authors contend
that there is indeed evidence that moderately
large doses of vitamin D3 can be toxic for some
people in some situations.46 These issues will be
examined further below.

Interactions Between
Vitamins A and D
If there is one, single most important shortcoming in the research investigating the toxicity
of vitamin D in humans, it is that despite decades
of controlled animal experiments showing that
each of the fat-soluble vitamins protect against
the toxicity of the others, research in humans
continues to address the toxicity of vitamin D as
if its actions were independent of vitamins A, E,
and K.
In 1937, Wayne Brehm presented before the
Ohio State Medical Association the results of an
experiment comparing the effects of the administration of cod liver oil with that of vitamin D2 to
over 500 pregnant women. Vitamin D2, especially
in conjunction with calcium, produced extensive
abnormal calcification of the placenta, in one case
extending into the uterine wall, and in three cases
producing kidney stones within the developing
fetus; cod liver oil, by contrast, produced no
more tissue calcification than seen in controls.50
Brehm could not demonstrate, however, whether
the results of his experiment were attributable to
the difference between vitamins D2 and D3, to a
protective effect of vitamin A, to a protective
effect of other constituents of cod liver oil, or to
some combination thereof.
The same year, Agnes Fay Morgan, Louise
Kimmel and Nora Hawkins became the first
American researchers to demonstrate that vitamin
A protects against the toxicity of vitamin D.51  
Citing German research that had been completed
over the previous three years showing that the
lethal doses of several fish liver oils fed to mice
were identical to that of synthetic vitamin D2
when the liver oils were stripped of their vitamin
A,52 and that large doses of vitamin A protected

Vitamin D3: Foods, Supplements and Sunshine
While vitamin D3 is the “natural” form of vitamin D, what’s found in foods is a broader complex of vitamin D compounds. Some foods, such as blood, butter and milk, contain the majority of their vitamin D activity as calcidiol and a
minority as unconverted vitamin D.10 The degradation of vitamin D by sunlight and its metabolism within the body lead
to the production of possibly more than 30 vitamin D metabolites. Many of these are doubtlessly found in foods in at least
small amounts. Forms of vitamin D have generally been presumed to be “inactive” when they have failed to contribute
to the correction of rickets in animals,36 yet recent research has shown a number of “inactive” vitamin D metabolites to
have substantial biological activity when they are examined for non-classical effects (those other than correcting rickets).17
While there is no clear evidence that any of these differences in and of themselves make food-based vitamin D more
effective or safer than vitamin D3 supplements, foods and sunshine are clearly not the same things.

20

Wise Traditions

FALL 2006

against vitamin D toxicity,53 the Morgan team
fed rats various concentrations of vitamin A with
toxic doses of vitamin D in various forms. The
doses of vitamin D used were 4,000 IU per day
or greater, which is the bodyweight-adjusted
equivalent of a typical human consuming over
5,000,000 IU per day. The researchers used synthetic vitamin D2 and concentrates of the liver
oils of tuna, cod, sea bass and halibut. Although
vitamin D2 was most toxic, massive doses of all
forms of vitamin D when combined with low
doses of vitamin A decreased growth and bone
mineralization and increased the calcification
of the lungs, heart and kidneys, while vitamin
A consistently protected against these effects in
proportion to its dose.
In 1951, French researchers showed that
intramuscular injections of a natural fish oil
concentrate containing massive amounts of vitamin A (and potentially other protective factors)
prevented growth retardation, kidney calcification and death induced in rats by intramuscular
injections of massive doses of vitamin D2. This
showed that the interactive effect is independent
of intestinal absorption.54
Vitamin A has since been shown to substantially protect against skeletal defects, bone
demineralization and soft tissue calcification
induced in rats by large amounts of vitamin
D2,55 nearly eliminate similar effects induced in
rats by vitamin D3,56 and completely eliminate
similar effects induced in turkeys by vitamin D3,57
even though each of these studies used doses of
vitamin A that were only half the doses used of
vitamin D.
More recently, a group of researchers from
the University of Georgia’s Department of Poultry Science showed that vitamin D3 increased the
need for vitamin A in chickens even when the
dose of vitamin D was insufficient to guarantee
protection from rickets,58 and that even small

to moderate doses of vitamin D decreased liver
stores of vitamin A regardless of whether they
were supplied in the diet or by exposing the
chickens to ultraviolet light.59
Why would vitamin D have depleted the
chickens of vitamin A? In 1935, the German
researcher F. Thoenes put forward the hypothesis
that vitamin D requires vitamin A in order to
function, and that high doses of vitamin D cause
toxicity by producing a state of relative vitamin A
deficiency.60 Over 70 years later, molecular biologists have now proven at least the first part of his
hypothesis correct. On August 25, 2006, a team of
researchers from Spain and Germany published
a report showing that 9-cis-retinoic acid, one of
the hormonally active forms of vitamin A, is an
essential factor for the full functioning of vitamin
D.61 In the absence of 9-cis-retinoic acid, activated vitamin D and its receptor could only bind
weakly to DNA and could therefore only exert
a small effect on gene expression. When 9-cisretinoic acid was available, however, it formed
a large complex that included its own receptor,
vitamin D, and the vitamin D receptor; this
complex was able to bind to DNA very strongly
and vitamin D was able to fulfill its full function.
Most striking, the “defective” vitamin D receptor
that is present in a genetic form of rickets that
cannot ordinarily be cured by vitamin D became
fully functional in the presence of 9-cis-retinoic
acid.
Although the body can convert the all-transretinol form of vitamin A found in foods and
supplements into 9-cis-retinol,62 it is tempting to
speculate that this research may show an advantage to cod liver oil over other sources of vitamin
A, which naturally contains a substantial amount
of 9-cis-retinol.63
If high doses of vitamin D use up vitamin
A, they might leave less vitamin A for other
important processes—one of those processes is
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Do Statins Interfere with the Function of Vitamin D-Binding Protein?
Cholesterol-lowering statin drugs could theoretically interfere with the synthesis or functioning of the vitamin D-binding
protein (DBP). DBP is N-glycosylated,37 which means that it has a specific type of sugar added to it at certain positions.
N-glycosylation affects a molecule’s stability, solubility, biological activity and localization; inhibiting N-glycosylation could
therefore interfere with a molecule’s ability to perform its physiological functions. Lovastatin (Mevacor), mevinolin (red
yeast rice) and mevastatin (not in use) have all been shown to interfere with the functioning of important N-glycosylated
proteins.42 There are no studies to date examining the effect of statin drugs on vitamin D-binding protein.43
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preventing the calcification of kidneys, whether
that calcification is induced by vitamin D or by
some other means. French researchers recently
found that when they fed rats the equivalent of
a daily human dose of 15,000 IU of vitamin A,
the administration of oxalate was less effective
at inducing the deposition of calcium oxalate
crystals in the kidneys; on the other hand, if they
administered oxalate first, the subsequent administration of vitamin A was not able to correct the
condition.64  This might explain why researchers
in the 1930s and 1940s were finding that over 90
percent of patients with kidney stones suffered
from clinically verifiable vitamin A deficiency,65
yet in most cases administration of vitamin A was
unable to correct the problem.66
Nevertheless, researchers at that time also
observed that kidney stones in some cases continued to get worse in spite of vitamin A therapy,67
and when cod liver oil concentrate was administered to rats in amounts providing the equivalent
to a daily human dose of over 136,000,000 IU of
vitamin D, the vitamin A appeared to ameliorate
the growth retardation, bone demineralization
and kidney calcification to a much greater extent
than it ameliorated the calcification of the lungs

and heart.51 Thus, it appears that vitamin A is only
one piece of the puzzle.
Interactions Between
Vitamins K and D
Whereas vitamins A and D act as hormones,
communicating to cells which proteins they
should make, vitamin K activates a select group
of vitamin K-dependent proteins after they have
already been made. Since some of the proteins
that vitamin K activates are the very same
proteins that cells make in response to signals
from vitamins A and D, it would be a serious
error of omission to begin a discussion of either
our requirements for or the toxicity of vitamin
D without first examining its interactions with
vitamin K.
Although vitamin K is most commonly
known for its ability to activate blood clotting
factors, it is also responsible for the activation of
two other important proteins: osteocalcin, which
is involved in the mineralization of bone matrix,
and matrix Gla protein (MGP), which protects
soft tissues from calcification.75  Since vitamin D
is necessary for proper bone mineralization and
its most common toxic effect is the calcification

Will the Real Vitamin D Please Stand Up?
Vitamins D2 and D3 have long been regarded as equivalent because they are both capable of curing infantile rickets. Superficially supporting this premise, the one laboratory experiment comparing the ability of the activated forms of
vitamins D2 and D3 to bind to the vitamin D receptors of isolated cells and alter gene expression showed vitamin D3 to
be only marginally more effective than vitamin D2.47
The modern criteria for judging nutritional vitamin D status, however, is the level of calcidiol in the blood. Two
groups of researchers have shown vitamin D3 to be between five44 and ten45 times more effective than vitamin D2 at raising serum levels of calcidiol. Since vitamin D2 cannot effectively raise the serum level of calcidiol, the pool from which
activated calcitriol is derived, the binding affinity of D2-derived calcitriol to the vitamin D receptor is irrelevant. Vitamin
D2 is therefore incapable of supporting optimal health.
The most likely explanation for the poor effectiveness of vitamin D2 is that it binds with a lower affinity to the vitamin
D-binding protein (DBP). Although the newest edition of the authoritative textbook, Vitamin D, claims that in humans
calcidiol binds with equal affinity to the DBP whether it is derived from vitamin D2 or vitamin D3,37 the citation for this
statement is the author’s own PhD thesis, in which he reported results obtained from testing the DBP of a mere two
people.48 Since the gene for the DBP is one of the most polymorphic known (meaning it exists in many forms), existing
in three common alleles and 124 known rarer alleles (alleles are specific forms of the same gene), each allele itself having
many polymorphisms,37 a sample size of two is rather unconvincing.
In the early 1970s, Swedish researchers showed vitamin D3 to have a substantially higher affinity for human DBP
than vitamin D2.49 Their sample size was not reported and probably very small, and they unfortunately could not test the
calcidiol forms of these vitamins because 25-hydroxyvitamin D3 was at that time not yet commercially available. There
is as yet no conclusive evidence demonstrating the relative binding affinities of the metabolites of vitamins D2 and D3
for the typical human DBP. Nevertheless, whatever the mechanism, the two forms of the vitamin clearly have disparate
biological activities and cannot be equated.
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of soft tissues, the importance of the relationship
between vitamins K and D should already be
clear.
Molecular biology clarifies this relationship
even further. Osteocalcin is produced exclusively
by osteoblasts, which are the cells that form new
bone matrix. While collagen forms the main
framework of bone matrix, osteocalcin is responsible for its mineralization.76 Osteoblasts make
osteocalcin when they are signaled to do so by
the hormonal forms of vitamins A and D. When
osteoblast cells are incubated with activated vitamin A or activated vitamin D alone, their expression of osteocalcin increases only minimally; by
contrast, when the same cells are incubated with
activated vitamins A and D together, osteocalcin
expression increases dramatically.77  
This osteocalcin, however, cannot function
until it is activated by vitamin K.75 Therefore, no
one of these three nutrients can contribute to bone
health without the presence of the other two.
Epidemiological evidence and clinical trials
confirm the importance of vitamin K to osteoporosis. Blood levels of inactivated osteocalcin
are strongly associated with an increased risk
of fracture, while vitamin K intake is strongly

associated with a reduced risk of fracture. One
study showed people with the highest levels of
inactivated osteocalcin to have six times the
risk of fracture than those with normal levels.
As expected, clinical trials show that vitamin
K supplementation increases the activation of
osteocalcin, decreases bone loss, and increases
bone mineral density.75
Epidemiological studies show an inverse
correlation between bone mineral density and
calcification of the arteries—a major contributor
to heart disease—suggesting that osteoporosis
and heart disease are linked by the common
thread of vitamin K deficiency.75 Since vitamin
K is necessary for the activation of MGP, which
has been proven to be responsible for protecting
soft tissues from calcification,78 researchers from
the Netherlands set out to investigate whether
vitamin K intake was associated with a reduced
risk of heart disease and whether or not this might
be mediated by its protection against arterial
calcification.
Between 1990 and 1993, they collected data
on the vitamin K intakes of more than 4,500
people over the age of 55 and used a procedure
called radiography to measure the extent to which

Studies show
an inverse
correlation
between bone
mineral
density and
calcification of
the
arteries—a
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contributor to
heart disease.

SHOULD WE Stay Away From Cod Liver Oil?
In the Vitamin D Council’s May, 2006 newsletter, Dr. John Cannell wrote that vitamin D deficiency is the rule in most
of the world except in the Scandinavian countries, yet, he wrote, “hip fractures in these same countries are the highest
in Europe, probably from the excessive vitamin A in cod liver oil. Stay away from cod liver oil.”68
To support his contention that cod liver oil contributes to hip fractures, Dr. Cannell supplied a single reference.69 This
reference was a compilation of estimated fracture rates in different European countries. Norway, which is the Scandinavian
country where cod liver oil is widely used,70 was not included. The incidence of hip fracture was strongly associated with
life expectancy; the authors suggested that this was in part because the countries with the best medical care were the
most likely to readmit patients for a fracture after they had already been discharged once, and therefore count the same
fracture twice. Sweden, where 47 percent of fractures were counted more than once, had the highest fracture rate of any
country. No information about the intakes of vitamin A, vitamin D, or cod liver oil was reported in the study.
Oslo, Norway has nevertheless reported the highest fracture rate in the world.71 Although 25 percent of the Oslo
population uses cod liver oil daily,70 those who use cod liver oil daily during part or all of the year have a lower risk of
fracture than those who do not.72 Of the several studies examining the relationship between blood levels of vitamin A
and fracture risk, the only study to list cod liver oil as a source of vitamin A found that the people with the highest levels
of vitamin A had the lowest risk of fracture.73
There is one, single clinical trial testing the effect of cod liver oil on fracture risk.74 In this study, the researchers compared the consumption of a daily teaspoon of standard cod liver oil containing 400 IU of vitamin D to that of a daily
teaspoon of cod liver oil that had been stripped of its vitamin D. The cod liver oils were administered to residents in 51
nursing homes over a period of two years. Although there was no difference between the two groups, probably because
400 IU is only half the dose of vitamin D generally required to reduce fracture risk,33 the fracture rate of those taking both
forms of cod liver oil was lower than the overall fracture rate for those living in the nursing homes in which the trial was
conducted. Rather than support the admonition to “stay away from cod liver oil,” these findings suggest that cod liver oil
can protect us against bone fractures, especially in old age.
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their arteries were calcified; in 2000, they analyzed who had developed heart
disease, who had died from it, and how this related to vitamin K intake and
arterial calcification. Calcification of the arteries turned out to be the best
predictor of heart disease. Those in the highest third of vitamin K intakes
were 52 percent less likely to develop severe calcification of the arteries,
41 percent less likely to develop heart disease, and 57 percent less likely
to die of it.79
Although there are no studies investigating whether supplementation
with high doses of vitamin K can reverse the toxic effects of massive doses
of vitamin D, there are several lines of evidence, described in more detail
in the sidebar on page 25, that strongly suggest vitamin D produces toxicity by depleting the body of vitamin K: first, mice that by genetic defect
are born completely lacking the vitamin K-dependent MGP protein bear a
striking resemblance to animals that have been fed toxic doses of vitamin D;
second, the anti-clotting drug Warfarin exerts toxic effects almost identical
to those of vitamin D by depleting the body of vitamin K; third, vitamin
K completely protects against the toxic effects of Warfarin, suggesting it
woud likewise protect against the toxic effects of vitamin D.
Viewing Vitamin D Through the Proper Paradigm
Vitamin D’s interactions with other nutrients in the diet make it clear
that we cannot consider the subject of either vitamin D requirements or
vitamin D toxicity by looking at vitamin D alone. Vitamins D2 and D3 are

in some respects very different from one another.
The types of fat we eat, drugs we use and toxins
to which we are exposed affect our ability to efficiently use vitamin D. Vitamin A is an essential
factor in vitamin D’s hormonal function, and
vitamin K is necessary to activate the proteins
made in response to vitamins A and D. Vitamin
D toxicity appears to result from a depletion of
vitamin K, and animal evidence suggests that
even small amounts of vitamin D increase the
need for vitamin A. Therefore, we must ask a
most important question when we consider the
various studies on vitamin D requirements and
vitamin D toxicity: what was the dietary context
in which the vitamin D was consumed? Otherwise, we are in danger of drawing the wrong
conclusion.
Vitamin D in Adults:
Requirements and Safety
Recommendations for what constitutes an
adequate intake of vitamin D vary 20-fold. While
the U. S. Institute of Medicine31 recommends a

Sources of Vitamin K
There are two forms of vitamin K: vitamin K1 is found in green vegetables and plant oils, especially olive oil; vitamin
K2, which is produced by intestinal bacteria in small and probably inconsequential amounts, is found in animal foods
and fermented plant foods.87
Although vitamin K1 is most abundant in the diet, it is very poorly absorbed. Even the addition of two tablespoons of
butter88 or corn oil87 to spinach could only increase absorption of vitamin K1 to between 10 and 15 percent. By contrast,
the absorption of vitamin K2 is close to 100 percent.87
The two forms of vitamin K are not physiologically equivalent: vitamin K1 is preferentially used by the liver to activate clotting factors, while vitamin K2 is preferentially used by bone to activate osteocalcin and by soft tissues to activate
MGP.85 Vitamin K1 offers no protection against Warfarin-induced soft tissue calcification, while vitamin K2 offers complete
protection.85 Likewise, in over 4,500 men and women enrolled in the Rotterdam Study, intake of vitamin K2 was strongly
associated with a reduced risk of arterial calcification and heart disease, while vitamin K1 had no relationship to either
variable at all, even though it constituted a full 90 percent of the dietary vitamin K.79 It is therefore vitamin K2, and not
vitamin K1, that we would expect to simultaneously enhance the effectiveness of and increase the safety of vitamin D.
Since vitamin K2 is produced by lactic acid bacteria,89 lacto-fermented foods are an excellent source of vitamin K2.
Sauerkraut contains more than four times as much vitamin K2 as beef and more than twice as much as pork, although
natto, a Japanese fermented soy food, contains the most vitamin K2 of any food measured. The K2 in lacto-fermented
foods, however, is not the exact same form as the K2 in animal products. Whether or not the difference is important is
unclear. Egg yolks, butterfat, and goose meat, especially goose liver, are excellent sources.87 Among organ meats, brain,
pancreas, and salivary glands contain the highest amounts, while bone contains less but is substantially richer than muscle
meat.90 Chicken and duck are decent sources, followed by beef and pork.87
By contrast, fat-free animal foods do not contain any vitamin K2 at all, and low-fat animal foods contain less vitamin
K2 than their full-fat counterparts.91 Although sourdough bread is fermented partly by lactic acid bacteria, it does not
contain vitamin K2.87 Surprisingly, vitamin K2 is nearly or completely absent from most seafood that has been measured,
including wild Alaskan fish such as salmon and halibut87,91 although the eggs of fish have not been analyzed. By contrast,
seafood is an excellent source of vitamin D. That these two vitamins are distributed in the food supply so differently
underscores the need for a balanced and varied diet.
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THE WARFARIN CONNECTION
Although there are no studies investigating whether supplementation with high doses of vitamin K can reverse the
toxic effects of massive doses of vitamin D, there are several lines of evidence that strongly suggest that vitamin D produces toxicity by depleting the body of vitamin K.
First, mice that by genetic defect are born completely lacking the vitamin K-dependent MGP protein bear a striking
resemblance to animals that have been fed toxic doses of vitamin D. These mice suffer from extensive calcification of
the aorta and its branches, the arteries, the trachea and the lungs. Just as those fed toxic doses of vitamin D, the MGPnull mice also suffer from bone demineralization and growth retardation. Although the mechanism by which vitamin
D toxicity causes growth retardation has never been clarified, experiments with MGP-null mice show that the zones of
cartilage responsible for elongation of the bones become extensively calcified, disrupting the process of bone growth.
Finally, like animals fed massive doses of vitamin D, these animals lived for a short period of time before their defect
caused them to die.78
The second line of evidence comes from the synergistic toxicity produced by vitamin D and the anti-clotting drug,
Warfarin. Like other coumadin derivatives, Warfarin—originally introduced as a rat poison in 194880—inhibits blood
clotting by interfering with the recycling of vitamin K. Like those fed toxic doses of vitamin D, animals fed Warfarin develop extensive calcification of the soft tissues,81 the same that has been reported to occur in people on long-term and
moderate-term treatment with various coumadin derivatives.80,82 When researchers injected rats with 300,000 IU per
kg bodyweight of vitamin D3 each day for three days and every 12 hours thereafter, the rats suffered the expected soft
tissue calcification. As expected for this dose of vitamin D, the rats were all still alive on the tenth day. When vitamin D3
was combined with Warfarin, however, the soft tissue calcification was dramatically amplified and all rats died by the
ninth day. The combination of vitamin D and Warfarin produced the same result that would have been achieved with
a higher dose of vitamin D.81
The final line of evidence is drawn from two findings: first, the same drugs that counteract calcification induced
by Warfarin also counteract calcification induced by vitamin D; second, vitamin K is capable of completely abolishing
calcification induced by Warfarin, suggesting that it would also be capable of completely abolishing calcification induced
by vitamin D.
University of California researcher Paul A. Price (no relation to Weston Price) showed that ibandronate, a drug
currently used to treat osteoporosis, completely abolished the calcification induced in rats by subcutaneous injections
of both Warfarin83 and massive doses of vitamin D3.84 Ibandronate protected not only against calcification of the aorta,
arteries, trachea, lungs, and kidneys, but also against vitamin D-induced anorexia, weight loss, lethargy, and death.
Although the mechanism by which ibandronate exerts its protective effect is not understood, these studies strengthen
the concept that a common mechanism underlies the toxicities induced by both Warfarin and vitamin D.
Subsequently, researchers in the Netherlands showed that vitamin K itself is sufficient to completely abolish Warfarin-induced soft tissue calcification.85 This convincingly shows that Warfarin, which is an established inhibitor of vitamin
K recycling, causes soft tissue calcification by inducing a vitamin K deficiency, and strongly suggests that vitamin D does
something very similar.
Since vitamin D toxicity is remarkably mirrored by mice that lack a vitamin K-dependent protein, since Warfarin
induces a remarkably similar type of toxicity by inducing vitamin K deficiency, since Warfarin and vitamin D toxicity
respond to similar treatments, and since Warfarin’s toxicity can be completely abolished by providing sufficient vitamin
K, it follows that vitamin D toxicity is likely to be at least in part a form of vitamin K deficiency.
Recent research on how vitamins A and D affect the synthesis of MGP may connect the interaction between all
three vitamins. When MGP is activated by vitamin K, it protects the soft tissues from calcification. Although it isn’t known
whether MGP is actively harmful in its inactive form, it is known that calcified arteries accumulate abnormally high
amounts of the inactive protein,75 and that toxic amounts of vitamin D dramatically increase its synthesis.81 If vitamin D
produces its toxic effects by stimulating the synthesis of more of this protein than vitamin K can keep up with, it would
explain why vitamin A is so protective: in the cells that line the walls of blood vessels, vitamin D increases the synthesis
of MGP, while vitamin A decreases its synthesis.86 It may be, then, that an extreme imbalance between vitamins A and
D leads to the synthesis of abnormally high amounts of MGP. If there is enough vitamin K to activate all of the MGP, it
will help protect the soft tissues from calcification. If, instead, the vitamin K cannot keep up with the level of MGP being
produced and the pool of vitamin K becomes depleted, soft tissue calcification ensues.
Although this mechanism is not proven, it would provide, if it is correct, a revolutionary insight into why vitamins
become toxic when administered by themselves but health-promoting when provided in the context of a balanced,
nutrient-dense diet.
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is the result
of a relative
deficiency of
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and K.

mere 200 IU per day for adults under the age of
50, some leading vitamin D researchers such
as Dr. Reinhold Vieth and Dr. Robert Heaney
recommend 3,000 to 4,000 IU per day as both
necessary and safe.33,98
These differences result largely from the different paradigms through which these researchers
interpret the uncertainties within the available
data. The Institute of Medicine follows in the
tradition of the National Research Council, which
set the adult RDA for vitamin D at 0 IU in 1941
because it had not yet been proven that adults
require vitamin D.99 Likewise, in 1997, the Institute of Medicine set the adequate intake at what
it supposed would protect against severe vitamin
D deficiencies like rickets and osteomalacia,
which have been proven beyond a doubt to be a
result of vitamin D deficiency. Other researchers
take into account the fact that humans living in
the tropics have always obtained between 4,000
and 10,000 IU per day from sunshine; extensive
circumstantial evidence suggests that these higher
amounts protect against cancer and autoimmune
diseases, and support a general state of vibrant
health.33
Recommendations for what constitutes a
safe intake of vitamin D also vary widely. Dr.
Vieth argues that 4,000 IU of vitamin D per day
is safe even if one obtains an additional 4,000
IU  per day from sunlight,33 while the Institute
of Medicine has set the tolerable upper limit at
2,000 IU per day. Krispin Sullivan, on the other
hand, takes a much stricter position. Sullivan, a
well-researched author and clinical nutritionist,

argues that any intake of vitamin D beyond 800
IU per day from food, supplements and sunshine
combined is unsafe without testing and supervision.100  
Two approaches are necessary in order to
distinguish between the relative merits of each
of these positions: first, to establish a general perspective through which we can view uncertainties
in the scientific evidence, we must consider what
quantity of vitamin D our ancestors typically
obtained throughout our pre-modern history;
second, we must apply our understanding of the
interactive nature of the fat-soluble vitamins to
the available evidence.
Defining Toxicity
Before we approach these questions, however, we need to have an accurate understanding
of what vitamin D toxicity is; otherwise we would
not know what to look for. Because vitamin D
toxicity is usually accompanied by an elevated
level of calcium in the blood, called hypercalcemia, researchers have generally equated the two
and assumed that the toxic effects of vitamin D
are the result of elevated calcium levels.31 However, the available evidence does not support this
concept of vitamin D toxicity.
First, both vitamin A56,103 and ibandronate84 (a
drug that also inhibits Warfarin toxicity) reduce
or eliminate the soft tissue calcification and other
toxic effects of vitamin D without substantially
reducing the vitamin D-induced hypercalcemia.
Second, Warfarin, a vitamin K inhibitor, produces
a toxicity profile almost identical to that of vi-

Does Vitamin D Interact with Vitamin E?
There are two international studies, of which only the abstracts are available in English, investigating the effect of large
doses of vitamin E on the toxicity of vitamin D. A Russian study conducted in 1977 found that a combination of massive
doses of vitamin E and selenium combined were able to reduce the soft tissue calcification induced by equally massive
doses of vitamin D2 by between 54 and 96 percent, depending on the tissue.95 A more recent Ukrainian study showed
vitamin E to substantially reduce the free radical damage induced in the arteries of rabbits by large doses of an unspecified
form of vitamin D.96
Whereas there is evidence that vitamin D toxicity is the result of a relative deficiency of vitamins A and K, the Russian
and Ukrainian studies could simply be explained by a model wherein vitamin E fills a generic antioxidant function that
has nothing specifically to do with vitamin D.
Nevertheless, our understanding of vitamin E is rapidly changing. Researchers are now questioning whether vitamin E
truly functions primarily as a free radical scavenger as has long been assumed, and research is accumulating showing that
vitamin E’s primary function may be to act as a hormone and regulate gene expression. Some of vitamin E’s hormonal
functions appear to involve the retinoid X receptor, which also interacts with vitamins A and D and their respective receptors, suggesting that the functions of vitamins E, A, and D may be more interrelated than we currently realize.97

26

Wise Traditions

FALL 2006

tamin D, but does not increase serum calcium levels.81 Third, one group
used vitamin D to produce calcium deposition in the kidneys of chickens at
doses that did not lead to hypercalcemia.104 This finding is consistent with a
case report of four post-menopausal women who were taking undetermined
doses of vitamin D without their knowledge in the form of supplements
that appeared to be contaminated with large amounts of vitamin D2: these
patients had abnormally high vitamin D levels, three times the calcium in
their urine as is normal, and appeared, albeit inconclusively, to have associated bone loss. Yet none of these subjects had hypercalcemia.105  Taken
together, these data suggest on the one hand that blood levels of calcium can
become elevated without leading to toxicity, and on the other, that toxicity
can occur even in the absence of elevated calcium.
Dr. Vieth points out that elevated levels of calcium in the urine, called
hypercalciuria, would be a more sensitive measure of vitamin D toxicity,
though most studies unfortunately have not looked for this endpoint.33
Even this hypercalciuria, however, is difficult to interpret. Urinary calcium
would naturally be expected to increase to some degree from the enhanced
intestinal absorption provided by sufficient levels of vitamin D.
More importantly, vitamins A and D cooperate to maintain calcium and
phosphorus levels in the blood, apparently by stimulating the absorption of
these minerals in the intestine. In rats, when the two vitamins are combined,
vitamin D increases calcium levels and decreases phosphorus levels, while

vitamin A decreases calcium levels and increases
phosphorus levels.106 The only researchers to
study this interaction in humans have confirmed
that vitamin A does indeed attenuate the rise in
serum calcium induced by vitamin D, but they
did not study the effect of either vitamin on serum phosphorus.107  Excretion of either mineral
into the urine reflects the ratio between them in
the blood: hypercalciuria will occur not only
when calcium levels are too high, but also when
phosphorus levels are too low.108  It therefore is
not clear whether hypercalciuria resulting from
vitamin D supplementation reflects a “toxic”
dose of vitamin D, or simply reflects a relative
deficiency of vitamin A.
The best measures of vitamin D toxicity
would be long-term studies lasting several years
that measure the formation of kidney stones,
use radiography to determine the degree of
arterial calcification and measure markers of
bone resorption. These studies would only be of
substantial value if they took into account, at a

Is the “Adequate Intake” Really Adequate?
In 1997, the U. S. Institute of Medicine’s Food and Nutrition Board set the “adequate intake” (AI) of vitamin D for
adults under the age of 50 at 200 IU per day.31 The Institute estimated that 100 IU per day is adequate in the complete
absence of sunlight, and doubled this figure to 200 IU so as to provide a margin of uncertainty. This figure is based on two
studies: first, one study that did not account for sunlight showed a daily supplement of 100 IU per day given to women
consuming less than this was able to correct osteomalacia; second, a study of Nebraskans consuming between 130 and
200 IU per day during the winter showed that they maintained vitamin D levels of 12 ng/mL, which is high enough to
protect against osteomalacia but is associated with an increased risk of fracture.114
These Nebraskans suffered from hyperparathyroidism and malabsorption of calcium, which led the authors of the
study to conclude that although “200 IU vitamin D [per day] may prevent vitamin D deficiency per se, it is not sufficient
to normalize calcium absorption” and warned that this “would be expected to cause negative calcium balance and osteoporosis.”101 However, the Institute concluded that an AI of 200 IU per day “may actually represent an overestimate
of true biological need.”31
For adults between the ages of 50 and 70, the Institute cited a study showing 800 IU per day of vitamin D protected
against bone loss compared to 200 IU per day. Although the authors concluded that 200 IU per day “is inadequate to
minimize bone loss,”102 the Institute strangely decided that, since there was no evidence in the study that a dose lower
than 800 IU per day wouldn’t have been just as effective, there was therefore no evidence that people at this age require
more than 200 IU per day. This fuzzy math was achieved by ignoring the 100 IU per day that the low-dose group received from diet. By pretending that the low-dose group was only consuming the 100 IU per day that they were given as
a supplement, the Institute was able to claim that it was “uncertain” that 200 IU wouldn’t have been just as effective as
800 IU—despite the fact that 200 IU is exactly what the group with the greater bone loss was consuming. The Institute
then doubled this dubiously derived figure to provide a margin for uncertainty and set the AI to 400 IU per day for this
age level.31
For adults over 70, the Institute cited literature showing that 800 IU per day is necessary to reduce the risk of hip
fracture. Despite citing numerous studies showing that 400 IU per day cannot reduce the risk of hip fracture, the Institute
concluded that 300 IU is adequate because it protects 85 percent of the elderly from having a vitamin D level below 10
ng/mL. It doubled this figure to provide a margin of uncertainty, establishing the AI at 600 IU—25 percent lower than the
minimum dose shown to lower fracture risk.31 This is a strange definition of “adequacy” indeed.
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minimum, the intakes of vitamins A and K, as
well as the use of Warfarin and other coumadin
derivatives, which not only synergize with vitamin D to produce toxicity,81 but have themselves
been shown to produce arterial calcification in
humans over the course of several years.82 Such
studies simply do not exist.
The Way It’s Always Been
In order to establish a starting point from
which to interpret the available data, it is instructive to consider what amounts of vitamin D our
ancestors have obtained throughout our history,
prior to the rapid modernization that we have experienced over the past several centuries, which
has far displaced our foodways and lifestyles
from those that constituted the context of our
evolution and provided us with our birthright to
radiant health.
The clearest way to estimate this amount is
to study how much vitamin D is obtained from
sunlight by people leading active outdoor lifestyles in environments that are saturated with
UVB sunshine on a year-round basis. Vitamin D
synthesis in the skin reaches an equilibrium with
its degradation in a rather short period of time so
that only a fixed amount of vitamin D synthesis
is possible on a given area of skin during each
exposure. Over time, the skin adjusts its melanin
content in order to further fine-tune the amount
of vitamin D synthesized. Since the body has
such a well-designed process for regulating the
amount of vitamin D obtained from sunlight, it
seems unlikely that it would allow the synthesis
of inherently toxic amounts of vitamin D or
even amounts in great excess of those needed
for optimal health.
In order to determine how much vitamin D a

person receives from foods and sunshine combined, researchers measure
the levels of 25-hydroxyvitamin D, or calcidiol, in the subjects’ blood. This
is the semi-activated form of the vitamin; because it is the primary storage
form, it reflects the amount of vitamin D obtained from food, supplements
and sunshine, and is therefore the best measure of a person’s vitamin D
nutritional status.31 (These values are usually reported in nanograms per
milliliter, which is abbreviated ng/mL. For the purpose of simplicity, I will
refer to serum calcidiol levels as “vitamin D levels.”)
Farmers and lifeguards who live and work in sun-rich environments
have vitamin D levels between 55 and 65 ng/mL.109 A recent, rigorously
controlled study showed that in Omaha, Nebraska, healthy middle-aged
males required a daily intake of 5,000 IU in order to maintain 60 ng/mL
from October through February.110  In the more northern climate of Toronto, Canada, men and women of a similar age took 4,000 IU per day
from January through June, a period of time during which their sunshine
exposure would be increasing. The average vitamin D level at the end of
the study was only 40 ng/mL, although one person’s level reached as high
as 48 ng/mL.111 One would expect that 4,000 IU would have been even less
effective in environments farther to the north. These studies suggest that
someone living in the tropics obtains an amount of vitamin D from food
and sunshine that is substantially in excess of 5,000 IU per day.
Krispin Sullivan reports that in her practice she has found that a
person’s vitamin D level continues to increase while the person takes a
constant dose of vitamin D over the course of two to three years.112  If this
is true, then dose-response studies lasting five months would be insufficient
to estimate the amount of vitamin D that people living in the tropics obtain
from sunshine. In the aforementioned studies, however, doses between
4,000 and 10,000 IU all appeared to reach a plateau in four to five months,
which is precisely what would be predicted by conventional models of
pharmacology based on vitamin D’s half-life.109
Nevertheless, researchers have not conducted studies with these doses
that have lasted longer than five months. Studies examining the effect of
these doses over two to three years, which would be able to test Sullivan’s
contention, are necessary if for no other reason than to convince physicians
and authorities of the safety of obtaining doses of vitamin D argued by
many leading researchers to be necessary for optimal health. Although the
uncertainty should be acknowledged, our best estimation is that sun-rich
environments provide 5,000 IU or more per day of vitamin D.

Hypersensitivity to Vitamin D
Certain conditions involving alterations in vitamin D metabolism make it unsafe for a small number of individuals
to supplement with vitamin D or consume vitamin D-rich foods without the supervision of a knowledgeable and caring
physician. These include:
•
•

Primary hyperparathyroidism
Lymphoma

• Sarcoidosis
• Kidney failure

•
•

Tuberculosis
Liver failure

If you have one of these conditions, consult with a physician before making a decision to increase the vitamin D
content of your diet.
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To Test or Not to Test?
Dr. Vieth has adequately criticized the study that formed the basis
of the Institute of Medicine’s upper limit of 2,000 IU per day: this small
study, short of duration, did not chemically verify the dose of vitamin D
used, nor did it quantify the study subjects’ actual vitamin D levels and
was thus unable to account for the input of vitamin D from all sources;
although it found 3,800 IU (the Institute divided this amount by an “uncertainty factor” to derive the upper limit) to produce a substantial rise in
serum calcium, more rigorously controlled studies have not been able to
replicate the finding.111 Since hypercalcemia is not a productive model of
vitamin D toxicity, however, we must instead look at real endpoints such
as bone loss, calcification of the arteries, kidney stones, lethargy, anorexia,
and other symptoms associated with vitamin D toxicity.
In her self-published book, Naked at Noon: Understanding Vitamin
D and Sunlight, Krispin Sullivan has emphasized one study and several
anecdotes that examine critical endpoints like heart disease and bone loss
to support her argument that any amount of vitamin D exceeding 800 IU 
per day from all sources—including sunlight—is unsafe without testing
and supervision.46
It is difficult to conceive of an argument against testing. After all,
physicians routinely test cholesterol levels on the tenuous assumption that
modifying them will impact their patients’ risk of heart disease. There is
no agreement within the scientific literature identifying an ideal level of
cholesterol, no agreement on what should be done if a level is too high
or too low, and no end in sight to the raging debate over whether statins
should be added to the water supply or whether they are contributing to
side effects ranging from congestive heart failure to amnesia in millions
of people. By contrast, there is clear agreement on what level of vitamin
D is deficient and moderate agreement on what level is ideal—and cod
liver oil is cheaper than Lipitor, even boosting your memory rather than
destroying it to boot.
To contend that amounts exceeding 800 IU  per day are dangerous
without testing, however, demands such an extreme degree of personal
restriction that it requires a rigorous level of substantiation to be justified.
In order to guarantee an intake within 800 IU per day, many fish, modest
amounts of cod liver oil and exposure of more than the face and hands

to summer sunshine would all be considered
unsafe.
Recognizing that some people do not have
medical insurance, that not all insurance companies will pay for a vitamin D test, that some
people have very little money, and that most
people have many competing priorities, the
risk that such small amounts of vitamin D pose
needs to be quantified. According to Dr. Robert
Heaney, one of the experts who sat on the Institute of Medicine’s upper limit panel, over whose
objections (along with Dr. Michael Holick’s) the
policy-makers established the current limit, if
everyone in the American population took 2,000
IU per day of vitamin D, the vitamin D levels of
0.6 percent of the population would rise above
60 ng/mL.98 This amount is 2.5 times that which
Sullivan recommends as safe to consume without
testing. Although there is clearly the possibility
that the metabolism of some people will defy the
statistical calculations, this is also true for the
metabolism of virtually every other chemical in
the body.
Sullivan argues that researchers who assume
the safety of any amount of vitamin D that can
be naturally provided by sunlight are making
an assumption that could put some people in
danger. To support this, she cites, in addition to
several anecdotes, one human study. Researchers
studying the vitamin D levels of males residing in South India found that those with levels
exceeding 89 ng/mL had over three times the
risk of heart disease as those with levels under
89 ng/mL.113 This study is difficult to interpret
because it is retrospective: since the patients’
vitamin D levels were measured after they were

Testing Vitamin D Levels
All people must make a personal decision whether or not to test their vitamin D levels based on the amount of
vitamin D they are consuming, their own perception of its risk, and any concern they may have that they are not consuming enough. If you choose to test your vitamin D level, there are several things to keep in mind:
•
•
•
•

Order the calcidiol test, not the calcitriol test. The correct test is also called 25-hydroxyvitamin D or 25 (OH) D
The laboratory’s reference range is likely to use a very wide definition of “normal.” Sufficient levels of vitamin D
are at least 32 ng/mL, and ideal levels are probably between 40 and 50 ng/mL.
Your vitamin D levels will rise over the spring and summer and decline over the fall and winter. Your vitamin D
level during one season will therefore not necessarily reflect your vitamin D level for other seasons.
The scientific data does not clearly and consistently define an ideal level of vitamin D, and we do not know to
what degree intakes of other nutrients affect what constitutes the ideal level.
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diagnosed with heart disease, the finding could
have other explanations. For example, subjects
who were diagnosed with heart disease may have
increased their vitamin D levels afterward by following advice to increase their outdoor physical
activity or increase their consumption of fish.
Nevertheless, since heart disease is associated
with vitamin K deficiency and can result from soft
tissue calcification,79 which is one of the primary
results of vitamin D toxicity, the study is worth a
closer look.
According to Sullivan, the study showed that
toxic doses of vitamin D can be obtained from
sunlight alone because the researchers used a
test that was specific for vitamin D3, which is
not available as a supplement in India. On the
contrary, the researchers noted that the South
Indian diet is rich in fish, which provides vitamin
D3, and various tubers such as cassava. Cassava
is an unusually high source of vitamin D2, which
may be more toxic than vitamin D3. Because of
the subjects’ dietary intake of vitamin D2, which
the researchers did not attempt to quantify, the
use of a test specific for vitamin D3 made the
researchers unable to quantify the total amount
of vitamin D circulating in the subjects’ blood.

The only rigorous dose-response study available110 shows that it would
take someone living in an environment similar to Omaha, Nebraska substantially more than 10,000 IU per day over an extended period of time
to reach the level of vitamin D associated with heart disease in this study.
More importantly, we don’t know what the subjects’ intakes of vitamins A
and K were, nor whether any of them were taking pharmaceutical coumadin
derivatives, all of which are mediating factors in the toxicity of vitamin
D. If the diet of these subjects was rich in vitamin D2-containing tubers
and the meat of fatty fish but was not rich in the organs of fish and other
animals, butter, egg yolks, or lacto-fermented foods, the combination of
extensive sunshine and diet may have provided a high amount of vitamin
D without the synergistic and protective context of the other fat-soluble
vitamins.
Revising Our Understanding of Vitamin D
The need to revise our understanding of vitamin D and its toxicity is
clear: the conventional understanding that vitamin D’s toxicity results from
its excessive elevation of calcium levels cannot account for the observations that toxicity can result without elevated calcium and that elevated
calcium can result without toxicity. The ability of the fat-soluble vitamins
to protect against the toxicity of each other clearly demonstrates a model
of toxicity that makes the study of any one vitamin on its own inherently
inconclusive.
Many questions about how long-term intakes of vitamin D affect
blood levels, whether an ideal level of vitamin D can be truly defined, and
whether there is any such thing as an inherently safe or inherently toxic
Dangers of Vitamin D?

In Naked at Noon,46 clinical nutritionist Krispin Sullivan offers several anecdotes in support of the potential toxicity
of moderate doses of vitamin D.
The first is a report of four cases of apparent vitamin D toxicity published in a 1997 issue of The Annals of Internal
Medicine.105 Four post-menopausal women were found to have elevated vitamin D levels, up to 88 ng/mL, and urinary
calcium three times the normal level. Although the authors were criticized for not providing rigorous measurements demonstrating bone loss, the patients were originally referred to them for osteoporosis, and when their vitamin D supplements
were discontinued, their bone mineral density improved, suggesting that the toxic level of vitamin D was contributing to
bone loss. An analysis of the supplements these women were taking showed that they contained at least ten times the
vitamin D advertised on the label. Two products advertised as “animal extracts” were found to be contaminated with
massive amounts of vitamin D2, the vegetarian form of vitamin D.
The second anecdote offered is an unpublished report of a psoriasis patient who was receiving narrow band UVB
treatment. Sullivan suggests that since artificial, narrow band UVB treatment contains only that portion of the spectrum
that is responsible for the synthesis of vitamin D and not other portions of the spectrum that degrade it, toxic amounts
of vitamin D can be synthesized. The patient’s vitamin D level rose to 127 ng/mL, which is theoretically toxic. Physicians
are clearly obliged to measure their patients’ vitamin D levels when administering a treatment that affects those levels.
The third anecdote is an unpublished report of a woman taking a 2,000 IU per day from a vitamin D3 supplement.
After 14 months, she began suffering from bone ache, fatigue, and depression. Six months later, her vitamin D level was
95 ng/mL. Tests revealed she had elevated urinary calcium and 6 percent bone loss. Within weeks after dropping the
supplement, her symptoms disappeared. Despite the resolution of her symptoms, her vitamin D level continued to rise
in response to the summer sun, reaching 110 ng/mL three months later. Given the inconsistencies in the timeline of her
recovery, the supplement should have been analyzed to confirm that its labeled dose was accurate, that it did indeed
contain vitamin D3 as labeled and not vitamin D2, and an attempt should have been made to determine whether she
was sensitive to some unlabeled component of the supplement. No such attempts, however, were made.
There continues to be no published report of toxicity resulting from an intentional dose of vitamin D3.
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dose remain to be scientifically resolved. What is
clear is that the protective and synergistic context
of a nutrient-rich diet is not only underappreciated, but is essential to consuming vitamin D in a
way that provides optimal benefit and maximum
safety. Dr. Vieth has written that the purpose of
supplementing with vitamin D is to “compensate
for the biological consequences of modern life.”33
Lack of exposure of bare skin to sunshine is not
the only biological consequence of modern life
for which we must compensate; we must also
return to the nutrient-rich foods on which our
ancestors thrived and of which modernity has
disposed: the fats and organs of animals raised on
the pasture of mineral-rich soil, foods preserved
by traditional fermentation rather than modern
refrigeration, and the mineral-rich gifts of the
oceans in which life originated.
Scientific sleuth extraordinaire, Chris Masterjohn
is a student and a chapter leader for the Weston
A. Price Foundation. A more detailed version of
this article is posted at www.westonaprice.org.
REFERENCES
1.

Vitamin D Council, “Vitamin D Research,” http://www.
vitamindcouncil.com/research.shtml. Accessed August
25, 2006. (Review)
2. Champe, P. C. Harvey, R. A. Ferrier, D. R. Biochemistry: 3rd Edition, Baltimore, MD: Lippincott Williams
& Wilkins (2005) 387. (Review)
3. Price, W. A. Nutrition and Physical Degeneration, Sixth
Edition, Lemon Grove, CA: Price-Pottenger Nutrition
Foundation, 2004; 275.
4. Bishop, N. “Perinatal Vitamin D Actions.” In Feldman,
D. Pike, J.W. Glorieux, F.H. eds., Vitamin D: Second
Edition, Burlington: Elsevier Academic Press, 2005;
803-810. (Review)
5. Carlberg, C. “Lipid-soluble vitamins in gene regulation,” BioFactors, 1999; 10: 91-97. (Review)
6. Biology-Online.org, “Secosteroid – definition,” http://
www.biology-online.org/bodict/index.php?title=Sec
osteroid&printable=yes. Accessed August 27, 2006.
(Definition)
7. Rohe, B. Safford, S. E. Nemere, I. Farach-Carson, M.
C. “Indentification and characterization of 1,25D3membrane-associated rapid response steroid (1,25D3MARRS)-binding protein in rat IEC-6 cell,” Steroids,
2005; 70: 458-463.
8. Adams. Hollis. “Vitamin D: Synthesis, Metabolism
and Clinical Measurement.” In Coe, F. L. Favus, M. J.
Disorders of Bone and Mineral Metabolism: 2nd Edition, Baltimore, MD: Lippincott Williams and Wilkins,
2002. (Review)
9. Sullivan, Krispin, “SunlightD.org: Main: … and God
said ‘Let There Be Light,’” http://www.sunlightd.org.
Accessed August 25, 2006. (Opinion)
10. Hollis, B. W. Roos, B. A. Draper, H. H. Lambert, P. W.
“Vitamin D and Its Metabolites in Human and Bovine

FALL 2006

Milk,” J. Nutr., 1981; 111: 1240-1248.
11. Bruce Hollis, personal communication.
12. Holick, M. F. “Vitamin D: A Millenium Perspective,” Journal of Cellular Biochemistry,
2003; 88: 296-307. (Review)
13. Rahmaniyan. Bell. “Effects of Race, Geography, Body Habitus, Diet, and Exercise on
Vitamin D Metabolism.” In Feldman, D. Pike, J.W. Glorieux, F.H. eds., Vitamin D:
Second Edition, Burlington: Elsevier Academic Press, 2005; 789-801. (Review)
14. Kruger, D.M. Lyne, E.D. Kleerekoper, M.K. “Vitamin D Deficiency Rickets: A Report
on Three Cases,” Clinical Orthopaedics and Related Research, 1987; 224: 277-283.
15. Bachrach, S. Fisher, J. Parks, J. S. “An Outbreak of Vitamin D Deficiency Rickets in
a Susceptible Population,” Pediatrics, 1979; 64(6): 871-877.
16. Haddad, J. G. Matsuoka, L. Y. Hollis, B. W. Hu, Y. Z. Wortsman, J. “Human Plasma
Transport of Vitamin D after Its Endogenous Synthesis,” J Clin Invest., 1993; 91:
2552-2555.
17. Chen, T. C. Persons, K. S. Lu, Z. Mathieu, J. S. Holick, M. F. “An evaluation of the
biologic activity and vitamin D receptor binding affinity of the photoisomers of vitamin
D3 and previtamin D3,” J. Nutr. Biochem., 2000; 11: 267-272.
18. Engelsen, et al., “Symposium-in-Print: UV Radiation, Vitamin D and Human Health:
An Unfolding Controversy: Daily Duration of Vitamin D Synthesis in Human Skin
with Relation to Latitude Total Ozone, Altitude, Ground Cover, Aerosols and Cloud
Thickness,” Photochemistry and Photobiology, 81 (2005) 1287-1290.
19. Webb, A. R. Kline, L. Holick, M. F. “Influence of season and latitude on the cutaneous
synthesis of vitamin D3: exposure to winter sunlight in Boston and Edmonton will not
promote vitamin D3 synthesis in human skin,” J Clin Endocrinol Metab., 1988; 67(2):
373-8/
20. Masterjohn, C. “The Synthesis of Cholesterol,” http://www.cholesterol-and-health.
com/Synthesis-Of-Cholesterol.html. Accessed August 27, 2006. (Review)
21. Bae, S-H. Lee, J. N. Fitzky, B. U. Seong, J. Ki Paik, Y. “Cholesterol Biosynthesis
from Lanosterol: Molecular Cloning, Tissue Distribution, Expression, Chromosomal
Localization, and Regulation of Rat 7-Dehydrocholesterol Reductase, a Smith-LemliOpitz Syndrome-Related Protein,” J Biol Chem, 1999; 274(21): 14624-14631.
22. Pill, J. Witte, E. C. Schmidt, F. H. “Reduction of BM 15.766-induced 7-dehydrocholesterol accumulation by bezafibrate and mevinolin in rats. A non-isotopic in vivo test
system for compounds reducing cholesterol synthesis,” Naunyn Schmiedebergs Arch
Pharmacol., 1990; 341(6): 552-6.
23. Wassif, C. A. Krakowiak, P. A. Wright, B. S. Gewandter, J. S. Sterner, A. L. Javitt, N.
Yergey, A. L. Porter, F. D. “Residual cholesterol synthesis and simvastatin induction of
cholesterol synthesis in Smith-Lemi-Opitz syndrome fibroblasts,” Mol Genet Metab.
2005; 85(2): 96-107.
24. Determined by a search of http://www.pubmed.com for “statin vitamin D” on August
27, 2006. One study was excluded from this analysis that reported calcitriol and all
hydroxylated vitamin D metabolites combined but did not report calcidiol or any
reasonable marker of vitamin D nutritional status.
25. Montagnani, M. Lore, F. Di Cairano, G. Gonnelli, S. Ciuoli, C. Montagnani, A. Gennari, C. “Effects of pravastatin treatment on vitamin D metabolites,” Clin Ther., 1994;
16(5): 824-9/
26. Dobs, A. S. Levine, M. A. Margolis, S. “Effects of pravastatin, a new HMG-CoA reductase inhibitor, on vitamin D synthesis in man,” Metabolism, 1991; 40(5): 524-8.
27. Ismail, F. Corder, C. N. Epstein, S. Barbi, G. Thomas, S. “Effects of pravastatin and
cholestyramine on circulating levels of parathyroid hormone and vitamin D metabolites,” Clin Ther., 1990; 12(5): 427-30.
28. Wilczek, H. Sobra, J. Justova, V. Ceska, R. Juzova, Z. Prochazkova, R. Kvasilova, M.
Pacovsky, V. “[Iatropathogenic effect of Mevacor on vitamin D metabolism],” Cas Lek
Cesk, 1989; 128(40): 1254-6.
29. Folkers, K. Langsjoen, P. Willis, R. Richardson, P. Xia, L. J. Ye, C. Q. Tamagawa, H.
“Lovastatin decreases coenzyme Q levels in humans,” Proc Natl Acad Sci USA, 1990;
87(22): 8931-4.
30. Price, W. A. “Why Dental Caries With Modern Civilizations? XI. New Light On Loss
of Immunity to Some Degenerative Processes Including Dental Caries,” Dental Digest,
1934 July; 240-245.
31. Institute of Medicine, Food and Nutrition Board, Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes. “Vitamin D.” In: Dietary Reference Intakes
for Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride, Washington, DC:
National Academy Press, 1997; 250-287. (Review)
32. Assuming 60 ng/mL of calcidiol, for which 5 ng = 1 IU, and 100 ng/ml of vitamin D,
for which 25 ng = 1 IU. The reasonableness of this calculation was confirmed by Dr.

Wise Traditions

31

Bruce Hollis (personal communication).
33. Vieth, R. “The Pharmacology of Vitamin D, Including Fortification Strategies.” In
Feldman, D. Pike, J. W. Glorieux, F. H., eds., Vitamin D: Second Edition, Burlington:
Elsevier Academic Press (2005) 995-1015. (Review)
34. Green Pastures, “High Vitamin Cod Liver Oil – High Vitamin Butter Oil, Cod Liver
Oil – Green Pastures,” http://www.greenpasture.org/products/cod_liver_oil. Published
January 1, 2006. Accessed August 28, 2006.
35. U.S. Department of Health and Human Services, U.S. Food and Drug Administration,
Center for Food Safety & Applied Nutrition, “Grade ‘A’ Pasteurized Milk Ordinance:
2001 Revision: Appendix O. Vitamin Fortification of Fluid Milk Products,” http://
www.cfsan.fda.gov/~ear/pmo01o.html. May 15, 2002. Accessed August 26, 2006.
(Review)
36. Reeve, L. E. Chesney, R. W. DeLuca, H. F. “Vitamin D of human milk: identification
of biologically active forms,” Am J Clin Nutr,1982; 36: 122-126.
37. Laing, C. J. Cooke, N. E.  “Vitamin D-Binding Protein.” In Feldman, D. Pike, J. W.
Glorieux, F. H., eds., Vitamin D: Second Edition, Burlington: Elsevier Academic Press
(2005) 117-134. (Review)
38. Laing. Fraser. “Changes with malnutrition in the concentration of plasma vitamin D
binding protein in growing rats,” British Journal of Nutrition, 2002; 88: 133-139.
39. Bogaerts, I. Verboven, C. Van Baelen, H. Bouillon, R. “New Aspects of DBP,” In
Feldman, D. Pike, J. W. Glorieux, F. H., eds., Vitamin D: Second Edition, Burlington:
Elsevier Academic Press (2005) 135-152. (Review)
40. Oosthuizen, W. Van Graan, A. Kruger, A. Vorster, H. H. “Polyunsaturated fatty acid
intake is adversely related to liver function in HIV-infected subjects: the THUSA
study,” Am J Clin Nutr., 2006; 83(5): 1193-8.
41. You, M. Considine, R. V. Leone, T. C. Kelly, D. P. Crabb, D. W. “Role of adiponectin
in the protective action of dietary saturated fat against alcoholic fatty liver in mice,”
Hepatology, 2005; 42(3): 568-77.
42. Jones, J. Krag, S. S. Betenbaugh, M. J. “Controlling N-linked glycan site occupancy,”
Biochim Biophys Acta., 2005; 1726(2): 121-37. (Review)
43. Determined by a search of http://www.pubmed.com for “statin vitamin d binding
protein” on August 28, 2006.
44. Trang, H. M. Cole, D. E. C. Rubin, L. A. Pierratos, A. Siu, S. Vieth, R. “Evidence that
vitamin D3 increases serum 25-hydroxyvitamin D more efficiently than does vitamin
D2” Am J Clin Nutr, 1998; 68: 854-8.
45. Armas, L. A. Hollis, B. W. Heaney, R. P. “Vitamin D2 Is Much Less Effective than
Vitamin D3 in Humans,” The Journal of Clinical Endocrinology & Metabolism, 2004;
89(11): 5387-5391.
46. Sullivan, Krispin, “Excerpts from Naked at Noon: Too Much Vitamin D?” http://www.
sunlightd.org/samples.htm#Sample%20Chapters. Copyright 2003. Available online
2006. Accessed August 28, 2006. (Review)
47. Tsugawa, N. Nakagawa, K. Kawamoto, Y. Tachibana, Y. Hayashi, T. Ozono, K. Okano,
T. “Biological activity profiles of 1alpha,25-dihydroxyvitamin D2, D3, D4, D7, and
24-epi-1alpha,25-dihydroxyvitamin D2,” Biol Pharm, Bull., 1999; 22(4): 371-7.
48. Laing, C. J. “Comparative Biology of Plasma Vitamin D Binding Protein.” PhD thesis.
Department of Animal Science, University of Sydney, Sydney, Australia, 2000.
49. Nilsson, S. F. Ostberg, L. Peterson, P. A. “Binding of Vitamin D to Its Human Carrier
Plasma Protein,” Biochemical and Biophysical Research Communications, 1972;
46(3): 1380-1387.
50. Brehm, W. “Potential dangers of viosterol during pregnancy with observations of
calcification of placentae,” Ohio State Medical Journal, 1937; 33(9): 989-993.
51. Morgan, A. F. Kimmel, L. Hawkins, N. C. “A comparison of the hypervitaminoses
induced by irradiated ergosterol and fish liver oil concentrates,” The Journal of Biological Chemistry, 1937; 120(1): 85-102.
52. Dalmer, O. Von Werder, F. Moll, T. Z. physiol. Chem. 1934; 224: 86. As cited in
Morgan, et al., 1937; op cit.
53. Gross-Selbeck, C. Klin. Woch., 1935; 14:61. As cited in Morgan, et al., 1937; op cit.
54. Teulon, H. Paulais, R. Gounelle, H. “Action freinatrice des huiles de poisson a haute
teneur en vitamine A sur l’intoxication calciferolee du rat (voie parenterale),” Societe
de Biologie, 1951; 542-544.
55. Clark, I. Bassett, C. A. L. “The amelioration of hypervitaminosis D in rats with vitamin
A,” J Exp Med., 1962; 115: 147-156.
56. Callari, D. Garra, M. L. Billitteri, A. “Retinoic acid action on D3 hypervitaminosis,”
Boll. Soc. It. Biol. Sper., 1986; LXII(6): 835-841.
57. Metz, A. L. Walser, M. M. Olson, W. G. “The Interaction of Dietary Vitamin A and
Vitamin D Related to Skeletal Development in the Turkey Poult,” J Nutr., 1985; 115:

32

Wise Traditions

929-935.
58. Aburto, A. Edwards, H. M. Britton, W. M. “The Influence of Vitamin A on the Utilization and Amelioration
of Toxicity of Cholecalciferol, 25-Hydroxycholecalciferol, and 1,25 Dihydroxycholecalciferol in Young
Broiler Chickens,” Poultry Science, 1998; 77: 585593.
59. Aburto, A. Britton, W. M. “Effects of Different Levels
of Vitamins A and E on the Utilization of Cholecalciferol by Broiler Chickens,” Poultry Science, 1998; 77:
570-577.
60. Thoenes, F. “Uber die Korrelation von Vitamin A and
D,” Deutsch med Woch., 1935;61: 2079. As cited in
Clark and Bassett, 1961; op cit.
61. Sanchez-Martinez, R. Castillo, A. Steinmeyer, A.
Aranda, A. “The retinoid X  receptor ligand restores
defective signaling by the vitamin D receptor,” EMBO 
Reports, 2006; Published online at http://nature.com on
August 25, ahead of print.
62. Paik, J. Vogel, S. Piantedosi, R. Sykes, A. Blaner, W.
S. Swisshelm, K. “9-cis¬-Retinoids: Biosynthesis of
9-cis-Retinoic Acid,” Biochemistry, 2000; 39(27):
8073-8084.
63. Booth, S. L. Johns, T. Kuhnlein, H. V. “Natural food
sources of vitamin A and provitamin A: Difficulties
with published values: Units of expression,” http://
www.unu.edu/unupress/food/8F141e/8F141E04.htm
Accessed August 29, 2006. (Review)
64. Sakly, R. Achour, A. Zouaghi, H. “[Antilithogenic and
litholytic action of vitamin A vis-à-vis experimental
calculi in rats],” Ann Urol (Paris)., 1994; 28(3): 12831.
65. Ezickson, W. J. Morrison, L. M. “The role of the liver
and thyroid as metabolic factors in the production of
renal calculi,” Journal of Urology, 1941; 46(3): 359375.
66. Ezickson, W. J. Feldman, J. B. “Further studies of vitamin A deficiency in individuals with urinary lithiasis,”
The Urologic and Cutaneous Review, 1939; 153(5).
67. Keyser, L. D. “Stone in the urinary tract: present
concepts of etiology and preventive therapy against
recurrence,” Virginia Medical Monthly, 1938; 1-11.
(Review)
68. Cannel, J. J. “The Vitamin D Newsletter: Vitamin
D Conference in Victoria,” May 2006; http://www.
vitamindcouncil.com/PDFs/May2006.pdf. Accessed
August 29, 2006. (Opinion)
69. Johnell, O. Gullberg, B. Allander, E. Kanis, J. A.
MEDOS Study Group. “The Apparent Incidence of
Hip Fracture in Europe: A study of National Register
Sources,” Osteoporosis Int., 1992; 2: 298-302.
70. Brustad, M. Braaten, T. Lund, E. “Predictors for codliver oil supplement use – the Norwegian Women and
Cancer Study,” Eur J Clin Nutr.,2004; 58(1): 128-36.
71. Falch, J. A. Kaastad, T. S. Bohler, G. Espeland, J.
Sundsvold, O. J. “Secular increase and geographical
differences in hip fracture incidence in Norway,” Bone,
1993; 14(4): 643-645. Abstract available only. Cited as
highest in the world in Meyer, 2002; cited below.
72. Meyer, H. E. Henriksen, C. Falch, J. A. Pedersen, J. I.
Tverdal, A. “Risk Factors for Hip Fracture in a High
Incidence Area: A Case-Control Study from Oslo,
Norway,” Osteoporosis Int., 1995; 5: 239-246.
73. Barker, M. E. McCloskey, E. Saha, S. Gossiel, F.
Charlesworth, D. Powers, H. J. Blumsohn, A. “Serum
retinoids and beta-carotene as predictors of hip and

FALL 2006

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.
87.

88.

other fractures in elderly women,” J Bone Miner Res.,
2005; 20(6): 913-920.
Meyer, H. E. Smedshaug, G. B. Kvaavik, E. Falch, J.
A. Tverdal, A. Pedersen, J. L. “Can vitamin D supplementation reduce the risk of fracture in the elderly? A
randomized controlled trial,” J Bone Miner Res., 2002;
17(4): 709-15.
Adams, J. Pepping, J. “Vitamin K in the treatment and
prevention of osteoporosis and arterial calcification,”
Am J Health-Syst Pharm., 2005; 62: 1574-1581. (Review)
Johansson, S. “Vitamin A and Osteoporosis: Experimental and Clinical Studies,” Acta Universitatis
Upsaliensis. Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine, 1392.
2004; 65 pp. (PhD Thesis – used as a review)
Oliva, A. Ragione, F. D. Fratta, M. Marrone, G.
Palumbo, R. Zappia, V. “Effect of retinoic acid on
osteocalcin gene expression in human osteoblasts,”
Biochemical and Biophysical Research Communications, 1993; 191(3): 908-914.
Luo, G. Ducy, P. McKee, M. D. Pinero, G. J. Loyer, E.
Behringer, R. R. Karsenty, G. “Spontaneous calcification of arteries and cartilage in mice lacking matrix
GLA protein,” Nature, 1997; 386: 78-81.
Geleijnse, J. M. Vermeer, C. Grobbee, D.E. Schurgers,
L. J. Knapen, M. H. J. van der Meer, I. M. Hofman, A.
Witteman, J. C. M. “Dietary Intake of Menaquinone
is Associated with a Reduced Risk of Coronary Heart
Disease: The Rotterdam Study,” J Nutr., 2004; 134:
3100-3105.
Schori, T. R. Stungis, G. E. “Long-term Warfarin treatment may induce arterial calcification in humans: case
report,” Clin Invest Med., 2004; 27(2): 107-9.
Price, P. A. Faus, S. A. Williamson, M. K. “WarfarinInduced Artery Calcification Is Accelerated by Growth
and Vitamin D,” Arterioscler Thromb Vasc Biol., 2000;
20: 317-327.
Schurgers, L. J. Aebert, H. Vermeer, C. Bultmann, B.
Janzen, J. “Oral anticoagulant treatment: friend or foe
in cardiovascular disease?” Blood, 2004; 104: 32313232.
Price, P. A. Faus, S. A. Williamson, M. K. “Biphosphonates Alendronate and Ibandronate Inhibit Artery
Calcification at Doses Comparable to Those That Inhibit Bone Resorption,” Arteriosclerosis, Thrombosis,
and Vascular Biology, 2001; 21: 817.
Price, P. A. Buckley, J. R. Williamson, M. K. “The
Amino Bisphosphonate Ibandronate Prevents Vitamin
D Toxicity and Inhibits Vitamin D-Induced Calcification of Arteries, Cartilage, Lungs and Kidneys in Rats,”
J Nutr., 2001; 131: 2910-2915.
Spronk, H. M. H. Soute, B. A. M. Schurgers, L. J.
Thijssen, H. H. W. De Mey, J. G. R. Vermeer, C. “Tissue-Specific Utilization of Menaquinone-4 Results in
the Prevention of Arterial Calcification in WarfarinTreated Rats,” J Vasc Res., 2003; 40: 531-537.
Farzanheh-Far, A. Weissberg, P. L. Proudfoot, D. Shanahan, C. M. “Transcriptional regulation of matrix gla
protein,” Z Kardiol., 2001; 90(Suppl 3): 38-42.
Schurgers, L. J. Vermeer, C. “Determination of Phylloquinone and Menaquinones in Food: Effect of Food
Matrix on Circulating Vitamin K Concentrations,”
Haemostasis, 2000; 30: 298-307.
Gijsbers, B. Jie, K. G. Vermeer, C. “Effect of food
composition on vitamin K absorption in human vol-

FALL 2006

unteers,” British Journal of Nutrition, 1996; 76: 223-229.
89. Morishita, T. Natsuko, T. Makino, T. Kudo, S. “Production of Menaquinones by Lactic
Acid Bacteria,” J Dairy Sci., 1999; 82: 1897-1903.
90. Thijssen, H. H. W. Drittij-Reijnders, M. J. “Vitamin K distribution in rat tissues: dietary
phylloquinone is a source of tissue menaquinone-4,” British Journal of Nutrition, 1994;
72: 415-425.
91. Elder, S. J. Haytowitz, D. B. Howe, J. Peterson, J. W. Booth, S. L. “Vitamin K Contents of Meat, Dairy, and Fast Food in the U.S. Diet,” J Agric Food Chem, 2006; 54:
463-467.
92. Price, W. A. op cit., 2004; 420-443.
93. Thijssen, H. H. W. Drittij, M.-J. Vermeer, C. Schoffelen, E. “Meanquinone-4 in breast
milk is derived from dietary phylloquinone,” British Journal of Nutrition, 2002; 87:
219-226.
94. Carrie, I. Portoukalian, J. Vicaretti, R. Rochford, J. Potvin, S. Ferland, G. “Menaquinone-4 Concentration Is Correlated with Sphingolipid Concentrations in Rat Brain,”
J Nutr., 2004; 134: 167-172.
95. Sokolova, S. V. Spirichev, V. B. Kudrin, A. N. “[The protective effect of sodium selenite
and vitamin E in hypervitaminosis D],” Farmakol Toksikol., 1977; 40(1): 67-9.
96. Harbuzova, V. “[Effect of nifedipine, vitamin E, and bisphosphonates on intensity of
lipid peroxidation in arterial and venous walls in hypervitaminosis D]” Fiziol Zh.,
2002; 48(6): 70-3.
97. Azzi, A. Gysin, R. Kempna, P. Munteanu, A. Negis, Y. Villacorta, L. Visarius, T. Zingg,
J.-M. “Vitamin E Mediates Cell Signaling and Regulation of Gene Expression,” Ann
NY Acad Sci., 2004; 1031: 86-95. (Review)
98. Heaney, Robert P. “The Vitamin D requirement in health and disease,” Journal of
Steroid Biochemistry & Molecular Biology, 2005; 97: 13-19. (Review)
99. National Research Council, Committee on Foods and Nutrition, “Recommded Daily
Allowances for Specific Nutrients,” 1941.
100. Sullivan, main page, op cit.
101. Kinyamu, H. K. Gallagher, J. C. Balhorn, K. E. Petranick, K. M. Rafferty, K. A. “Serum
vitamin D metabolites and calcium absorption in normal young and elderly free-living
women and in women living in nursing homes,” Am J Clin Nutr.,1997; 65: 790-7.
102. Dawson-Hughes, B. Harris, S. S. Krall, E. A. Dallal, G. E. Falconer, G. Green, C. L.
“Rates of bone loss in postmenopausal women randomly assigned to one of two dosages of vitamin D,” Am J Clin Nutr, 1995; 61: 1140-5.
103. Clark, I. Smith, M. R. “Effects of Hypervitaminosis A and D on Skeletal Metabolism,”
The Journal of Biological Chemistry, 1963; 239(4): 1266-1271.
104. Morrissey, R. L. Cohn, R. M. Empson, R. N. Greene, H. L. Taunton, O. D. Ziporin,
Z. Z. “Relative toxicity and metabolic effects of cholecalciferol and 25-hydroxycholecalciferol in chicks,” J Nutr., 1977; 107(6): 1027-34.
105. Adams, J. S. Lee, G. “Gains in Bone Mineral Density with Resolution of Vitamin D
Intoxification,” Annals of Internal Medicine,1997; 127(3): 203-206.
106. Rhode, C. DeLuca, H. F. “All-trans Retinoic Acid Antagonizes the Action of Calciferol
and Its Active Metabolite, 1,25-Dihydroxycholecalciferol, in Rats,” J Nutr, 135 (2005)
1647-1652.
107. Johansson, S. Melhus, H. “Vitamin A Antagonizes Calcium Response to Vitamin D in
Man,” Journal of Bone and Mineral Research, 2001; 16(10): 1899.
108. Favus, M. J. “Intestinal Absorption of Calcium, Magnesium and Phosphorus.” In
Coe, F. L. Favus, M. J. eds., Disorders of Bone and Mineral Metabolism, 2nd Edition,
Baltimore, MD: Lippincott Williams and Wilkins, 2002. (Review)
109. Vieth, R. “Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and
safety,” Am J Clin Nutr, 1999; 69: 842-56.
110. Heaney, R. P. Davies, K. M. Chen, T. C. Holick, M. F. Barger-Lux, M. J. “Human serum
25-hydroxycholecalciferol response to extended oral dosing with cholecalciferol,” Am
J Clin Nutr,2003; 77: 204-10.
111. Vieth, R. Chan, P-C. R. MacFarlane, G. D. “Efficacy and safety of vitamin D3 intake
exceeding the lowest observed adverse effect level,” Am J Clin Nutr., 2001; 73: 28894.
112. Sullivan, Krispin, “Preliminary Report on the Importance of Sunlight and Vitamin D,”
Self-published, 2006; Available for purchase at http://www.sunlightd.org.
113. Rajasree, S. Rajpal, K. Kartha, C. C. Sarma, P. S. Kutty, V. R. Iyer, C. S. P. Girija,
G. “Serum 25-hydroxyvitamin D3 levels are elevated in South Indian patients with
ischemic heart disease,” European Journal of Epidemiology, 2001; 17: 567-571.
114. Lips, P. “How to Define Normal Values for Serum Concentrations of 25-Hydroxyvitamin
D? An Overview.”  In Feldman, D. Pike, J.W. Glorieux, F.H. eds., Vitamin D: Second
Edition, Burlington: Elsevier Academic Press, 2005; 1019-1028. (Review)

Wise Traditions

33

