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Article Summary

• Successful traditional diets provided many nutrients that cooperate with one another to

produce excellent health. This article provides several illustrative examples of this type of

cooperation.

• Methionine from muscle meat contributes to cell growth and repair, cellular communication,

antioxidant defense, and detoxi�cation. In order to ful�ll these functions, however,

methionine must be balanced with B vitamins, choline, and glycine from organ meats, egg

yolks, legumes, leafy greens, skin and bones.

• Vitamins A, D and K cooperate to protect our soft tissues from calci�cation, to nourish our

bones and teeth, and to provide children with adequate growth. We obtain these nutrients

together by consuming organ meats, cod liver oil, fatty �sh, grass-fed animal fats, green and

orange vegetables, and fermented plant foods.

• Magnesium is required for every process in the body. Among its many interactions,

magnesium is required for proper calcium metabolism. Magnesium is abundant in many

plant foods and some seafood, but there is little magnesium in meat and almost none in

re�ned sugar and re�ned grains. Consuming a balanced diet devoid of re�ned sugar and

re�ned grains is the best way to obtain adequate magnesium.

• These interactions demonstrate that biology is very complex. Rather than thinking about

whether certain nutrients from traditional diets are good for us or bad for us, we should seek

to understand how they all work together in proper balance to promote radiant and vibrant

health.
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Synergy and Context with Dietary Nutrients

Successful traditional diets provided a rich array of nutrients that cooperated with one

another to produce vibrant health. As modern diets have shifted towards nutrient-poor foods

forti�ed with the favored nutrients du jour, we have gazed askance at the degeneration that

has resulted and embarked on a series of searches for the dietary villains that we imagine

lurking in the shadows.

We have blamed heart disease on cholesterol, mortality on meat, osteoporosis on vitamin A,

and diabetes on fat. Yet somehow it has eluded us that we are asking all the wrong questions.

Biology is not a war between good molecules and evil molecules, nor is it a war between

“wholesome” natural foods like vegetables and “poisonous” natural foods like meat. Biology is

a system wherein many parts work together in synergy to produce a context within which

each part bene�ts the whole. Several examples of this type of synergy follow.

METHIONINE, B VITAMINS, GLYCINE
Successful traditional diets provided muscle meats together with organ meats and gelatinous

materials such as bones, gristle and other connective tissue. These combinations provided a

healthy balance between the methionine found in muscle meats, the B vitamins found in

organ meats, and the glycine found in connective tissue. Modern diets, by contrast, provide

abundant quantities of methionine-rich muscle meats while organs and connective tissue

have fallen by the wayside. The result of this imbalance is that methionine is unable to ful�ll

its proper cellular functions and generates toxic byproducts instead, while the supply of

glycine is depleted. Together, these changes are likely to contribute to reduced longevity and

chronic disease (Figure 1 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohn�g1.jpg)).

Methionine is an amino acid that we obtain from most dietary proteins, but is especially

abundant in animal proteins (Table 1 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab1.jpg)). As shown in Figure 2,  folate and vitamin B ,

and to a lesser extent vitamin B , niacin, and ribo�avin, assist methionine in carrying out one
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of its major cellular functions: the addition of a single carbon atom together with a small

assortment of hydrogen atoms to a wide variety of molecules, a process known as

“methylation.” Methylation is important for the synthesis of many cellular components and for

the regulation of gene expression. As a result, it is critical for the maintenance and repair of

existing tissue, the building up of new tissue, and cellular communication. Methylation is

especially important for the passing along of epigenetic information from parent cells to their

daughter cells as they multiply. Liver is rich in all of the B vitamins important to this process.

Muscle meats provide smaller amounts of most of them, but are relatively poor in folate.

Folate is found primarily in liver and legumes, with modest amounts in egg yolks and some

seeds, seafood, and leafy greens (Table 2 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab2.jpg)). When any of these vitamins is missing,

methionine fails to contribute properly to methylation and instead generates homocysteine, a

potentially toxic byproduct that may contribute to cardiovascular disease.

In support of the relevance of these pathways to human nutrition, a randomized,

placebocontrolled trial showed that three months of combined supplementation with folic

acid and vitamin B  lowered homocysteine concentrations.  In the same study, a single large

dose of methionine temporarily increased homocysteine concentrations, while

supplementation with B vitamins protected against this e�ect. This study demonstrates the

critical need for balance between methionine and these B vitamins, and suggests that many

people may not be getting enough folate or vitamin B  to properly handle the methionine

they are obtaining from muscle meats.

As shown in Figure 2,  once our needs for methylation are met, we use vitamin B  and

glycine to convert any additional methionine in our diet to glutathione, which is the master

antioxidant and detoxi�er of the cell as well as a key regulator of protein function. The

conversion of methionine to glutathione is not instantaneous, however, and our liver requires

a bu�er system to protect itself against excessive methylation and the accumulation of

homocysteine.

This bu�er system is comprised primarily of three nutrients: glycine, which is found most

abundantly in bones and other connective tissue (Table 3 (http://www.westonaprice.org/wp-

content/uploads/fall2012masterjohntab3.jpg)); choline, which is found primarily in liver and

egg yolks (Table 4 (http://www.westonaprice.org/wp-
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content/uploads/fall2012masterjohntab4.jpg)); and betaine, which we can either make within

our own bodies from choline or obtain directly in our diets from spinach, wheat, and beets

(Table 5 (http://www.westonaprice.org/wp-content/uploads/fall2012masterjohntab5.jpg)).

Muscle meat provides its own vitamin B , but provides relatively little glycine, choline and

betaine. In order to safely use extra methionine from muscle meat to support our antioxidant

defenses and detoxi�cation systems, we therefore must balance muscle meat with liver and

egg yolks as well as with soups, gravies, sauces, or other creative dishes made from bones

and other connective tissue, including skin. As useful adjuncts to these foods, some people

may also bene�t from incorporating spinach, wheat or beets into their diet.

Several studies support the relevance of these pathways to human nutrition. In one such

study, a large dose of methionine increased the excretion of a metabolic byproduct of glycine,

choline and betaine in the urine,  suggesting that excess methionine causes the irreversible

loss of these nutrients. Randomized, placebo-controlled trials have shown that two weeks’

supplementation with choline  or six weeks’ supplementation with betaine  lowered

homocysteine levels both in the fasting state and after consuming a large dose of methionine.

In a similar study, three months’ supplementation with vitamin B  made a small improvement

in homocysteine levels after a large dose of methionine.

There are, unfortunately, very few nutritional studies using glycine because scientists have

not considered it an “essential” amino acid. Although our bodies can synthesize glycine,

primarily from the amino acid serine, one group of scientists recently estimated that our

ability to produce glycine may fall short of our needs for this amino acid by up to ten grams

per day.  This is roughly the equivalent of an ounce of bone meal each day. These authors

pointed out that markers of glycine de�ciency appear in the urine of vegetarians, people

consuming low-protein diets, children recovering from malnourishment, and pregnant

women. They further suggested that most of us adapt to a subtler degree of glycine de�ciency

by decreasing our own turnover of collagen, which may lead to the accumulation of damaged

collagen with age, thereby contributing to arthritis, poor-quality skin, and many of the other

negative consequences of aging. Indeed, while some studies have shown that restricting

dietary methionine lengthens the lifespan of rats and while these have generated a great deal

of interest, a similar study recently showed that the same e�ect can be achieved by

supplementing the diet with extra glycine.
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Some authors have recently suggested that a vegan diet would lengthen lifespan because of

its naturally low methionine content.  If methionine restriction primarily increases lifespan by

increasing the ratio of glycine to methionine, however, then this suggestion could not be

more wrong, because vegetarians show signs of glycine de�ciency.  Vegan diets are low in

total biologically available protein, not just methionine. Human studies suggest that low-

protein diets waste glycine by using it simply as a source of much-needed nitrogen.

A better way to improve the balance of glycine to methionine would be to replace a

substantial proportion of muscle meats in the diet with bones and skin. Adding organ meats,

egg yolks, and plant foods rich in folate and betaine to the diet would also be likely to improve

longevity by working with glycine to support the safe and e�ective utilization of methionine.

When these nutrients are all provided in rich supply, methionine supports the growth and

repair of tissues, our defense against oxidants, detoxi�cation and proper cellular

communication.

VITAMINS A, D AND K
Successful traditional diets also provided a balance between vitamins A, D, and K . Vitamin A

is most abundant in liver and �sh liver oils, such as cod liver oil.  Plant foods rich in

carotenoids also provide vitamin A, although they do so much less reliably than liver and cod

liver oil because the ability to convert carotenoids to vitamin A varies about ten-fold between

individuals. 

Vitamin D is most abundant in cod liver oil and fatty �sh. Sunshine is also an important source

of vitamin D, though our ability to use sunshine to synthesize this vitamin depends on where

we live, our skin color, how much time we spend outdoors, and the type of clothing we

wear.

Vitamin K  is found primarily in animal fats and fermented foods.  We can also synthesize

vitamin K  from the vitamin K  found in leafy green vegetables, but this conversion seems to

be very ine�cient in humans. To a certain extent vitamin K  can also substitute for vitamin K ,

but this substitution is limited because our bodies distribute vitamin K  primarily to the liver
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and vitamin K  primarily to other tissues. The speci�c form of vitamin K  found in animal fat,

moreover, has unique functions that are shared neither by the forms of vitamin K  found in

fermented plant foods nor by the vitamin K  found in leafy greens.  As shown in Figure 3

(http://www.westonaprice.org/wp-content/uploads/fall2012masterjohn�g3.jpg), toxicity

results when the supply of these vitamins is thrown o� balance. When vitamins A, D, and K

are all available in rich supply, by contrast, as shown in Figure 4

(http://www.westonaprice.org/wp-content/uploads/fall2012masterjohn�g4.jpg), they

cooperate to promote growth, to nourish strong bones and teeth, and to prevent the

calci�cation of soft tissues.

When large imbalances between vitamins A and D favor vitamin A, phosphorus accumulates

at the expense of calcium, promoting bone loss.  Vitamin A may also overwhelm the storage

capacity of the liver under these conditions, contributing to liver damage. When the

imbalance favors vitamin D, calcium accumulates in soft tissues, leading to stones in the

kidney and bladder, and calci�cation of the blood vessels and aortal valves.  In a growing

child, this imbalance would be likely to favor premature calci�cation of the growth plates,

thereby preventing the child from reaching his or her full potential for growth.  This aberrant

pattern of calci�cation occurs at least in part because the imbalance contributes to the

overproduction of vitamin K-dependent proteins in great excess of the capacity for vitamin K

to activate them.  These include proteins that direct calcium to our bones and teeth and

away from our soft tissues. Since vitamin K  fails to activate these proteins, the proteins in

turn fail to ensure the adequate nourishment of our bones and teeth and fail to protect our

soft tissues. One remaining question is whether vitamin K  protects against vitamin D toxicity

just as vitamin A does. This seems likely, but no studies have yet shown it to be true.

One study thus far has demonstrated the interaction between vitamins A and D in humans. In

1941, Irwin G. Spiesman published a trial showing that massive doses of vitamins A and D

caused toxicity when either vitamin was provided alone and failed to protect against the

common cold. When massive doses of both vitamins were provided together, by contrast,

they failed to induce any toxicity and o�ered powerful protection against the common cold.

Some authors have argued that a second study published in 2001 showed antagonism

between the two vitamins.  This study, however, did not show a true interaction. Vitamin A

decreased blood levels of calcium by 1.0 percent when given alone, and by 1.4 percent when

given in combination with the hormone form of vitamin D. The authors did not measure
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blood levels of phosphorus, and failed to show that vitamin A did anything di�erent in the

presence of vitamin D than in its absence.

Recent evidence from experiments performed on isolated cells suggests that vitamins A and

D may synergistically suppress the development of autoimmune diseases  and perhaps even

cure diabetes by causing the regeneration of pancreatic stem cells.  Forming any conclusions

from these studies would be premature, however, since we need to follow them up with

nutritional studies in humans or live animals.

Altogether, the available evidence supports the rich provision of vitamins A, D, and K

together by consuming organ meats, animal fats, fermented foods, fatty �sh, cod liver oil, and

colorful vegetables, while spending plenty of time outdoors. Obtaining a rich supply of these

vitamins together allows each of them to carry out its biological functions safely and

e�ectively.

Magnesium : The Universal Metal
Some nutrients play so many roles in the body that literally everything depends on them. One

such nutrient is magnesium.  Magnesium is abundant in many whole grains, nuts, seeds,

legumes and vegetables, some fruit, and some seafood. It is less abundant in meat, by

contrast, and almost entirely absent from re�ned grains and sugar (Table 6). Modern diets

rich in re�ned grains and sugar thus provide far less magnesium than traditional diets

wherein these “displacing foods of modern commerce” were absent.

Magnesium contributes to more than three hundred speci�c chemical reactions that occur

within our bodies.  The most basic energy currency of our cells, ATP, exists primarily bound

to magnesium. Magnesium is thus essential for every reaction that depends on ATP.

Magnesium also activates the enzyme that makes copies of DNA, as well as the enzyme that

makes RNA, which is responsible for translating the codes contained within our genes into the

production of every protein within our body. Magnesium is thus literally involved in every

single process that occurs within the body, making a speci�c enumeration of all of its

interactions impossible to contain even within a large book, far less an article such as this. The

well known interaction between magnesium and calcium, however, provides a classic

example (Figure 5 (http://www.westonaprice.org/wp-
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content/uploads/fall2012masterjohn�g5.jpg)).

Magnesium de�ciency decreases blood levels of calcium in humans and most animals.  The

reasons for this are complex and re�ect the universal importance of magnesium rather than a

speci�c interaction between the two minerals. In a healthy individual, parathyroid hormone

activates vitamin D to its hormone form, which in turn maintains blood levels of calcium

within the appropriate range, in part by helping us absorb calcium from our food.

Magnesium de�ciency causes a failure in this system through several mechanisms. Without

magnesium, the liver cannot convert vitamin D to its semi-activated storage form, 25-

hydroxyvitamin D. When we are de�cient in magnesium, we not only produce less

parathyroid hormone, but even what we do produce fails to work properly. This resistance to

parathyroid hormone appears to result from the failure of at least four di�erent categories of

biochemical reactions that are needed to support the hormone. Without properly functioning

parathyroid hormone, our kidneys fail to fully activate the storage form of vitamin D to its

hormone form, 1,25-dihydroxyvitamin D. On top of all of this, even fully activated vitamin D

fails to function properly when we are de�cient in magnesium, probably because all of the

proteins it controls are at least indirectly dependent on the mineral. This cascade of

biochemical failures ultimately depresses calcium absorption, and obtaining su�cient

magnesium from food or supplements is the only remedy that will restore calcium levels to

normal.

Not only do we fail to absorb enough calcium when we are de�cient in magnesium, we also

fail to put calcium where it belongs.  Over 99 percent of the calcium in our body belongs

outside of our cells, primarily in our bones and teeth. While only a small amount is found in

our blood at any given moment, it is our blood that provides calcium to our bones and teeth

where the bulk of it is stored. Only a small portion of calcium belongs inside our soft tissue

cells. Our cells keep this small amount in storage vesicles, and release it when needed to

stimulate certain functions such as muscular contraction.

Magnesium is needed to utilize the most basic energy currency of our cells, ATP, which is in

turn needed to activate the pumps and channels that maintain the proper distribution of

calcium and other minerals within our cells. When we are de�cient in magnesium, our cells

accumulate sodium and lose potassium. The potassium is lost in our urine, while the sodium
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draws excess calcium into the cell. In the absence of magnesium, our cells are unable to store

calcium in the appropriate vesicles. The accumulation of calcium within our cells robs calcium

from the blood, which means less calcium is available to our bones and teeth. This total

failure of mineral metabolism contributes to excessive excitation of nerves and muscles,

disturbances in the rhythm of the heart, a tendency of the blood to clot too much, and poor

mineralization of the bones and teeth.

Synergy and Context
The human body is a biological system characterized by astounding complexity. Nutrients

often cooperate with one another to produce vibrant health. Quite often when one or more

nutrients is missing, others may appear to contribute to disease. Methionine from muscle

meats may appear to contribute to disease, for example, when the B vitamins, choline, and

glycine found in bones, skin, organ meats, egg yolks, legumes, and leafy greens are absent.

Vitamins A and D may each appear to contribute to disease when the other is absent. In the

absence of other nutrients such as magnesium, some nutrients such as vitamin D and calcium

may simply fail to function at all. The complex biology that makes the human body tick may

operate very di�erently in the context of a diet rich in magnesium than in the context of a diet

poor in magnesium.

Nutrient-dense, traditionally balanced diets, however, provide all of these nutrients together

so that they synergize with one another to nourish our bodies to health and protect them

from harm. Rather than seeking dietary villains from among our most ancient traditional

foods to blame for our most recent modern diseases, we should elaborate our understanding

of how the many components within successful traditional diets work together to promote

radiant and vibrant health.

SIDEBARS

Figure 1: SYNERGY BETWEEN METHIONINE, B VITAMINS, CHOLINE, AND GLYCINE

The �gure presents a

simpli�ed model of the

1-3
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synergy between

methionine, B vitamins,

choline, and glycine.

See text as well as

Figure 2 for a more

detailed view.

A. Excess methionine

from muscle meats, in

the absence of protective nutrients, generates homocysteine, a toxic byproduct that may

contribute to vascular disease.

B. With adequate B vitamins and choline, found especially in organ meats and egg yolks,

methionine will not generate excess homocysteine, but it may lead to excessive methylation,

a breakdown of cellular communication, and depletion of glycine, all of which may contribute

to the negative consequences of aging. See text as well as Table 2

(http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab2.jpg),

Table 4 (http://www.westonaprice.org/wp-

content/uploads/2013/07/fall2012masterjohntab4.jpg), and Table 5

(http://www.westonaprice.org/wp-content/uploads/2013/07/fall2012masterjohntab5.jpg) for

additional sources of protective nutrients.

C. Adequate glycine from gelatinous materials such as bones, skin, and other connective

tissue, works together with B vitamins and choline to prevent excessive methylation and to

ensure adequate conversion of methionine to glutathione. This in turn ensures that

methionine will be used for proper cellular communication and as part of the cellular defense

against oxidants and environmental toxins.

Animal products have a higher percentage of their total protein as methionine than plant

products. Although not shown in the table, they also contain much more protein per unit of

weight or volume. The main sources of methionine in the diet, then, are milk, eggs, �sh and

meat. Although liver and egg yolks provide methionine, they are also rich in nutrients that

cooperat

e with

methioni

ne to
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render it

safe and

e�ective

(see the

main text as well as Table 2 and Table 4 (http://www.westonaprice.org/wp-

content/uploads/2013/07/fall2012masterjohntab4.jpg)). Muscle meats, by contrast, including

�sh, are rich in methionine but poor in key cooperative nutrients.

Folate is

especially

abundant

in liver

and

legumes,

with

moderate

amounts

in egg

yolks,

some

seeds,

some seafood, and some leafy greens, but very little in muscle meats. Folate content tends to

be widely variable within a food group, and only a small selection of foods is reported in the

table above.

Figures 2A and 2B (below):

METHIONINE METABOLISM AT LOW AND HIGH CONCENTRATIONS OF METHIONINE.

We obtain methionine from most dietary proteins, but primarily from muscle meats. We use it

to build our own proteins, but also for two other important processes: methylation and the

synthesis of glutathione. Of these, methylation takes priority. Methylation is the addition of

one-carbon units to a wide variety of molecules, which aids in the synthesis of many cellular

components and in the regulation of gene expression.

When cellular concentrations of methionine are insu�cient or just barely su�cient to meet
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the demand for methylation, the pathways shown in panel A predominate. During each

methylation reaction, methionine is converted to homocysteine, which is potentially toxic.

Folate and vitamin B  help recycle homocysteine to regenerate methionine, which allows

methylation to continue and prevents homocysteine from accumulating to toxic levels.

Although not shown in panel A, niacin, ribo�avin and vitamin B  also assist in this process.

When the supply of methionine exceeds that needed for methylation, the excess is

metabolized mainly in the liver and the pathways shown in panel B predominate. Glycine

accepts the extra methyl groups, while choline and betaine recycle part of the extra

homocysteine. These processes all result in the accumulation of dimethylglycine, part of

which is lost in the urine.  Vitamin B  and glycine assist in the conversion of part of the extra

homocysteine to cysteine and then to glutathione, which is the master antioxidant and

detoxi�er of the cell, and a key regulator of protein function. When the �ux through this latter

pathway exceeds the capacity for glutathione synthesis, the excess cysteine is converted to

taurine and sulfate. Thus, B vitamins, choline, betaine and glycine all cooperate with

methionine to allow optimal methylation and synthesis of glutathione. When methionine is

provided in the absence of these partners, methylation and glutathione synthesis fall by the

wayside and homocysteine accumulates to potentially toxic levels. It may also be the case that

if only glycine is limiting, the capacity to absorb extra methyl groups diminishes and rogue

methylations occur.

A. During each

methylation

(reaction 3),

methionine

adenosyltransferase

uses ATP to convert

methionine to S-

adenosylmethionine

(SAM). Methyltransferases then use SAM to methylate a wide variety of molecules, generating

S-adenosylhomocysteine (SAH). S-adenosylhomocysteine hydrolase then allows a small

amount of SAH to generate homocysteine, which is potentially toxic. Vitamin B  and folate

assist in the recycling of homocysteine back to methionine. 5-methyltetrahydrofolate (a form

of folate, abbreviated as methyl-folate in the �gure) methylates vitamin B  (reaction 1), and
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methionine synthase then uses B  to methylate homocysteine and thereby form methionine

(reaction 2). Folate is then remethylated through several di�erent pathways not shown in the

�gure, which depend on niacin, ribo�avin, and vitamin B .

B. When methionine concentrations are high, an alternative set of reactions predominates in

the liver. Choline dehydrogenase and betaine aldehyde dehydrogenase convert choline to

betaine with the assistance of niacin and oxygen (reaction 1). Betaine-homocysteine

methyltransferase uses betaine to convert homocysteine to methionine, generating

dimethylglycine (reaction 2), part of which is converted to glycine and part of which is lost in

the urine.  More SAM is generated than is needed for methylation reactions.

With the assistance of vitamin B , cystathionine b-synthase and cystathionine g-lyase use

serine to convert homocysteine to cysteine in two successive steps (reaction 5). Serine is

obtained directly in the diet or derived from glycine with the assistance of vitamin B  (reaction

4). Using glycine, glutamate, and ATP, glutamate cysteine ligase and glutathione synthase
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convert cysteine to glutathione in two successive steps (reaction 6). Excess cysteine is

converted to taurine and sulfate (reaction 7). As a result, glycine, obtained directly from the

diet or synthesized from dietary serine with the assistance of vitamin B  (reaction 4), accepts

methyl groups from SAM, generating dimethylglycine (reaction 3), part of which is lost in the

urine.  N-methyltransferases catalyze this reaction in two successive steps.

Glycine makes up only �ve

percent of the amino acids in

typical muscle meats, but is

much richer in proteins such as

collagen and elastin, found in connective tissues like skin and bone. Most of the protein in

bone is collagen, which is about one-third glycine, making any dishes made from bone,

including soups and sauces, excellent sources of this amino acid.

6

6



Figure 3: IMBALANCES BETWEEN VITAMINS A AND D LEAD TO TOXICITY

When a severe imbalance between vitamins A and D favors vitamin A, phosphorus

accumulates at the expense of calcium and bone loss ensues. When such an imbalance favors

vitamin D, the production of vitamin K-dependent proteins greatly exceeds the capacity of

vitamin K to activate them. This results in defective proteins, which in turn fail to direct

calcium away from soft tissues and into bones and teeth. This results in soft tissue

calci�cation, including the formation of kidney and bladder stones, and the calci�cation of

blood vessels and aortal valves.

13,16,17



SYNERGY BETWEEN VITAMINS A, D, and K

When vitamins A and D are available in an appropriate balance, cells produce a healthy

amount of vitamin K-dependent proteins. When vitamin K  is available in rich supply to

activate them, these proteins protect against soft tissue calci�cation and direct calcium to

where it belongs: in the bones and teeth. During growth, these proteins protect the growth

plates from premature calci�cation, ensuring that a child will reach his or her full growth

potential.

Table 6. Magnesium Content of Selected Foods

2
13,14,17

2
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Magnesiu

m is

especially

abundant

in many

seeds,

and also

found

abundant

ly in

many

whole

grains,

nuts, and

vegetable

s. Some fruits and types of seafood are also good sources. Meat, however, even liver, is low in

magnesium. In contrast to whole grains, re�ned grains contain almost no magnesium. Like

re�ned grains, re�ned sugar also contains almost no magnesium.



Figure 5: Contribution of Magnesium to Calcium Metabolism

Magnesium (Mg ) is necessary for virtually every function in the body. As a result, proper

calcium metabolism breaks down in the absence of su�cient magnesium. Magnesium helps

convert vitamin D to the semi-activated storage form, 25-hydroxyvitamin D, abbreviated in

the �gure as 25(OH)D. It contributes both to the production of parathyroid hormone (PTH)

and to its conversion of 25(OH)D to the fully activated hormone form of vitamin D, 1,25-

dihydroxyvitamin D or 1,25(OH) D. Magnesium helps 1,25(OH) D stimulate calcium

absorption, and assists the variety of pumps and channels that help distribute calcium

properly into the bones and teeth, blood, and storage vesicles where it belongs. In the

absence of su�cient magnesium, we fail to absorb enough calcium from our food. The

calcium we do absorb accumulates within our cells rather than in our blood, bones, and teeth,

where it belongs. Our cells, moreover, fail to sequester it in storage vesicles. These changes as

well as other failures of mineral metabolism that occur during magnesium de�ciency

contribute to excessive excitation of nerves and muscles, blood coagulation, and poor

mineralization of bones and teeth.
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