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ABSTRACT: Osteoporosis is a major epidemic in the United States, responsible for at least 1.2 million fractures per year.
Current management of bone loss consists primarily of estrogen therapy and calcium supplements. This approach is help-
ful in many cases, but its success is limited.
This review presents a new concept: that bone health depends not just on estrogen and calcium, but on a wide range of other
nutrients, including vitamins B6, C, D, K, folic acid, magnesium, manganese, boron, zinc, copper, strontium and silicon. The
typical Western diet, with its high content of sugar and refined foods, appears to be deficient in many of these vitamins and
minerals. Furthermore, the requirement for certain nutrients may be increased by genetic factors or by metabolic changes that
occur at the time of menopause. Failure to meet one or more of these nutritional needs could result in accelerated osteoporo-
sis. On the other hand, supplementation with a balanced combination of appropriate micronutrients may prove to be a useful

adjunct to calcium and estrogen therapy.

Alan R. Gaby, and Jonathan V.

Wright,

M.D.

Introduction

Nearly one-third of all American women will,
during their lifetime, develop osteoporosis severe
enough to cause a fracture. At least 1.2 million
fractures (primarily of the hips, vertebrae or wrists)
occur each year as a direct result of osteoporosis. The
medical and social costs of this epidemic are esti-
mated to be $6.1 billion annually.*

In women, bone mass begins to decline at 35 years
of age, and then accelerates rapidly for 8 to 10 years
around the time of menopause. Thereafter, bone loss
continues at a slower rate. The risk of developing
fractures is closely related to bone mass. How-ever,
fracture risk is also influenced by other factors, such
as 1) break-down of the protein matrix and other
supporting structures in bone and 2) accumulation of
microfractures from repeated mild trauma.? Prevent-
ing fractures therefore requires attention to at least
three factors: 1) preserving adequate mineral mass,
2) preventing loss of protein matrix and other
structural elements, and 3) assuring optimal repair
mechanisms to remodel damaged areas of bone.

Current Therapy: Estrogen and Calcium

Current management of osteoporosis focuses pri-
marily on estrogen therapy and calcium supple-
ments. Numerous studies have shown that, although
estrogen retards bone loss, it does not completely
prevent it.®

Fractures do occur,
although less fre-

(Findyfnancy quently, in estrogen-
treated women. The

L'Hll‘Ugﬂ&Mﬁu benefit_ of estroge_n mqst
Suppors vathic! be weighed against its
belinoe of honnene risks, particularly an

increased incidence of
endometrial cancer.

Calcium  supplements,
usually in dosages of
800-1,500 mg/day, play
an important role in
prevention and treatment
of bone loss. However,
it is becoming increas-
ingly clear that calcium
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alone is not enough. There is no question that cal-
cium deficiency can cause osteo-
porosis, and that some women
consume less than the Recom-
mended Dietary Allowance
(RDA) for calcium. However,
skeletal calcium depletion is pre-
sent in only about 25% of osteo-
porotic women. Calcium supple-
ments were found to increase bone
mass in these women, but had no
effect in the other 75% who were
not calcium deficient.
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A number of early studies showed
that calcium supplements partially
prevent bone loss.>%"® The valid-
ity of these studies is called into
question, however, because of
technical limitations, which restricted measurements
to the forearm, metacarpal bones, and fingers. Bone
mass at these sites is known to correlate poorly with
that of clinically important areas, such as the hips
and spine. The development of dual photon absorp-
tiometry eventually made it possible to measure
bone mass of the hip and spine.® Using this tech-
nique, Riis et al.*° found that calcium supplementa-
tion to post-menopausal women (2,000 mg/day for 2
years) did not significantly reduce bone loss.

Thus, although estrogen and calcium therapy have
a definite place in the overall management of os-
teoporosis, new approaches are needed.

Possible Role of Other Nutrients

The estrogen/calcium approach could probably be

improved upon if proper attention were given to
other nutrients. The evidence reviewed below
suggests that supplementation with certain vitamins
and minerals might be a useful adjunct to current
therapy.

It is sometimes forgotten that bone is more than
just a collection of calcium crystals. Bone is active,
living tissue, continually remodeling itself through
osteoblastic (bone forming) and osteoclastic (bone
resorbing) activity, constantly participating in a
wide range of biochemical reactions. Like any
living tissue, bone has diverse nutritional needs.
Failure to meet these needs could presumably
compromise the strength and integrity of bone
tissue.

The typical Western diet, with its high proportion of
refined sugar, white flour, fat, and canned
; foods, contains far less of certain vitamins
i1 and minerals than diets consumed by our
ancestors. Furthermore, the requirement
for certain nutrients may be increased by
genetic factors or by metabolic changes
that occur at the time of menopause.
Inadequate intake of any one of these
nutrients could play a role in the develop-
. ment of osteoporosis.

. Multiple deficiencies over a prolonged
period of time may have even greater
significance. This possibility is supported
by the work of Albanese, who found that
adding "all known micronutrients’ to a
¥ calcium supplement reduced bone loss to
a significantly greater degree than cal-
cium alone.” Some of the nutrients that may play a
role in bone health are discussed below.

Vitamin K

Vitamin K is known primarily for its effect on
blood clotting. However, this vitamin is also re-
quired to synthesize osteocalcin, a protein found
uniquely and in large amounts in bone.*? Osteocal-
cin is the protein matrix upon which calcium crys-
tallizes. The component of osteocalcin that attracts
calcium ions is a modified amino acid, gamma-
carboxyglutamic acid, formed by the vitamin K-
dependent carboxylation of glutamic acid. Because
of its role in osteocalcin production, vitamin K is
essential for bone formation, remodeling, and re-
pair.

It is generally assumed that vitamin K deficiency
is rare. However, assessment of vitamin K status is
based on relatively insensitive tests, such as
prothrombin time. Recent advances have made it
possible to measure vitamin K levels in blood. In a
series of 16 patients with osteoporosis, mean serum
vitamin K concentration was only 35% that of age-
matched controls. ** If osteocalcin synthesis is sensi-
tive to changes in serum vitamin K levels, then the
low levels in osteoporotic patients may have clini-
cal significance. That possibility was supported by a
recent study in which vitamin K supplementation of
a typical Western diet increased urinary excretion
of gamma-carboxyglutamic acid by 23%.

Vitamin K deficiency is probably more common
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than previously believed. Deficiency may occur in
individuals whose vegetable consumption is low.
Another factor that could promote deficiency is
frequent use of antibiotics, which can destroy
naturally occurring vitamin K-producing bacteria
in the intestines.

Rats fed a vitamin K deficient diet had signifi-
cantly increased urinary calcium excretion.”® Fur-
thermore, vitamin K supplementation accelerated
the healing of experimental fractures in rabbits,
even though they were already receiving
“adequate” levels in their diet.® In a preliminary
study of osteoporotic patients, treatment with vita-
min K reduced urinary calcium loss by 18-50%"
The evidence suggests that, when accelerated bone
formation is desirable, as in osteoporosis or after a
fracture, a greater amount of vitamin K is required.

Vitamin D

Vitamin D is required for intestinal calcium ab-
sorption. Reduced plasma vitamin D levels are
common in elderly individuals, especially women.*®
Factors that lower vitamin D levels in the elderly
include reduced exposure to sunlight, decreased
dietary intake, and malabsorption. Impaired conver-
sion of vitamin D to its biologically active form,
1,25-dihydroxyvitamin D3, may in some cases
exacerbate a marginal deficiency. Indeed, abnormal
metabolism of vitamin D precursors may sometimes
be a more significant problem than dietary defi-
ciency.

Treatment of osteoporotic patients with 1,25-
dihydroxyvitarnin D3 increased calcium absorption,
improved calcium balance,'® and reduced bone
loss? in some studies. However, in other trials, this
treatment was without benefit?® Routine use of
1,25-dihydroxyvitamin D3 has been limited by its
high cost and by the risk of hypercalcemia associ-
ated with long-term therapy.

Vitamin D should be supplemented in cases where
dietary intake and sunlight exposure are inade-
quate. Measures should also be taken to enhance
the conversion of vitamin D precursors to the bio-
logically active 1,25-dihydroxyvitamin D3. This
conversion may be facilitated by treatment with
magnesium and boron.

Magnesium

Magnesium participates in a num-ber of biochemi-
cal reactions that take place in bone. Alkaline phos-
phatase, an enzyme involved in forming new cal-
cium crystals, is activated by magnesium.?> The
conversion of vitamin D to its biologically active
form, 1,25-dihydroxyvitamin D3, also appears to
require magnesium.”® Deficiency of magnesium
can produce a syndrome of "vitamin D resistance."**

Whole-body content and bone con-centrations of
magnesium were below normal in 16 of 19 osteo-
porotic women.?® All sixteen women with low mag-
nesium levels also had abnormal crystal formation
in their bones, a factor which might increase the
risk of fractures. The three women with normal
magnesium status had normal crystal formation.

The typical American diet is often low in magne-
sium. Dietary surveys have shown that 80-85% of
American women consume less than the RDA for
this mineral.®® Daily magnesium intake in two
other studies was only about two-thirds of the
RDA. %% These studies suggest that magnesium
deficiency is common in the United States.

Manganese

Manganese is required for bone mineralization,"
and for synthesis of connective tissue in cartilage
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and bone.® Rats fed a manganese deficient diet had
smaller, less dense bones .with less resistance to frac-
tures than those fed adequate amounts of manga-
nese.”® The optimal intake of manganese is not
known, but at least half of the manganese in a typical
diet is lost when whole grains are replaced by re-
fined flour.®* Genetic factors influence the suscep-
tibility of animals to manganese deficiency.® It is
therefore likely that certain subsets of the human
population are unusually sensitive to the effects of
marginal manganese intake.

Interest in the relationship between manganese and
osteoporosis was stimulated by observations on a
famous professional basketball player, who had
repeatedly suffered poorly healing fractures and
who was found to have unexplained osteo-
porosis. Examination of his blood revealed
no detectable manganese, as well as defi-
ciencies of other minerals. Within six weeks
of supplementing his diet with these miner-
als, he was back to playing basketball.
These observations led to a study of osteo-
porotic women, in whom blood manganese
levels were found to be only 25% that of
controls.®
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menopausal women were fed a standard diet for
119 days, supplying about 0.25 mg of boron/day.
Supplementation of this diet with boron (3 mg/day)
reduced urinary calcium excretion by 44% and
markedly increased serum concentrations of the
estrogenic hormone, 1713-estradiol.*,* In fact, the
levels of 1713-estradiol in boron-supplemented
women were the same as in women receiving estro-
gen therapy. This increase in hormone concentra-
tion maybe important, since 1713-estradiol is the
most biologically active form of naturally occurring
human estrogen.

The way in which boron acts in the body is not
known. However, it seems to be required for the
formation of activated (hydroxylated) forms of
certain steroid hormones. Boron
is known to complex with or-
ganic com-pounds containing
hydroxyl groups. It may there-
fore participate in hydroxylation
steps necessary for the synthesis
of 1713-estradiol and 1,25-
dihydroxy vitamin D3. Boron
deficiency exacerbated signs of
vitamin D deficiency in chicks,
including abnor-mal bone for-

Folic acid HJ" E DEHW mation and elevation of alkaline
The importance of folic acid for bone health FAEIUHS phosphatase.**
seems to be related to its role in homocys- WITH BORCN

teine metabolism. Methionine, one of the
eight essential amino acids present in food,
is converted in part to homocysteine, a
potentially toxic compound. The danger of

ing individuals with a genetic disorder in
which abnormally large amounts of homo-
cysteine accumulate. These individuals
develop severe osteoporosis at an early age, possi-
bly due to an adverse effect of homocysteine on
bone.>*

l.a'_
O gy
homocysteine has been discovered by study-

Prior to menopause, women are especially effi-
cient at converting homocysteine to less toxic com-
pounds. This unique metabolic efficiency may ac-
count in part for the resistance of premenopausal
women to bone loss.®

The following study suggests that, at the time of
menopause, a breakdown of homocysteine metabo-
lism occurs, which can be partly corrected by
folic acid supplementation. Serum homocys-
teine levels were measured in female volun-
teers after admini-stration of methionine.
These levels were substantially greater in
post-menopausal than in  premenopausal
women, with no overlap between the two .
groups. Treatment with folic acid partially S
prevented the methionine-induced rise in
serum homocysteine, even though none of the
women were deficient in folic acid by stan-
dard laboratory criteria.*® Thus, it appears that
menopause is associated with an increased
requirement for folic acid which, if unmet, u
may result in an elevation of serum homocys-
teine.

Folic acid deficiency is relatively common,
occurring in as many as 22% of individuals 65 years
of age.*” Typical American diets often contain only
half of the RDA for folic acid.*® Tobacco smoking,
drinking alcohol, and using oral contraceptives also
tend to promote folic acid deficiency.

Boron

Previously thought to be essential only for plants,
boron now appears to play a role in human nutri-
tion, particularly in relation to bone health. Post-

Bl b eI

Based on animal studies, Niel-
sen has estimated the human
boron requirement to be ap-
proximately 1-2 mg/day. Fruits,
vegetables and nuts are the main
dietary sources of boron. Diets
containing inadequate amounts
of these foods may be deficient
in boron.

Toxicity studies in animals have shown a comfort-
able margin of safety for "nutritional’ doses of
boron (1-3 mg/day). No adverse effects were seen in
dogs and rats fed chronically with 350 ppm of bo-
ron,”? which corresponds to approximately 117
mg/day in humans. In certain parts of the world
where the diet contains as much as 41 mg of bo-
ron/day,* no problems have been reported.

The fact that boron raised endogenous estrogen
levels does not suggest that this mineral poses the
same risks as estrogen therapy.
The cancer-causing effect of
estrogen is dose-related. Because
orally administered 1713-estradiol
(conjugated estrogens) is mostly
~ converted to estrone by the gastro-
! intestinal tract, large amounts of
estrogen must be given by mouth
. to achieve a clinically useful
serum level of 1713-estradiol. In
+ contrast, the amount of endoge-
nously produced 1713-estradiol
" required to maintain beneficial
serum levels may be as little as
5% of the oral dose.* Thus, boron
appears capable of producing an
estrogenic effect without exposing
the body to dangerous amounts of

estrogen.

Another factor that argues against a cancer risk is
the apparent participation of boron in hydroxyla-
tion reactions. Synthesis of estriol, a weak estrogen
with documented anti-cancer activity, involves a
hydroxylation step, which would presumably be
catalyzed by boron. Increasing estriol levels (as a
proportion of total estrogens) may reduce the inci-
dence of certain types of cancer.*® If boron does
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indeed increase estriol production, then it might
actually help prevent cancer.

Strontium

Strontium occurs in relatively large concentrations
in bones and teeth, where it is thought to replace a
small fraction of the calcium in hydroxyapatite
crystals.*® Awareness of the nutritional significance
of strontium has been overshadowed by the fear of
radioactive strontium, a component of nuclear fall-
out. Because strontium tends to accumulate in bone
tissue, radioactive strontium maybe particularly
hazardous to vertebrates. On the other hand, non-
radioactive strontium occurs naturally in food. This
mineral is apparently quite safe, even with long-
term administration at doses hundreds of times
greater than the usual dietary intake.*’

Several studies suggest a beneficial effect of stron-
tium on calcified tissues. The incidence of dental
caries was reduced in geographical regions with
high levels of strontium in drinking water. Further-
more, addition of 0.27% strontium to the drinking
water of mice reduced bone-resorbing activity by
11.3%.“® The effect of strontium in human osteopo-
rosis has also been investigated. Thirty-two patients
were given pharmacologic doses of strontium (1.7
g/ day) for periods ranging from 3 months to 3 years
(10 also received estrogen and testosterone).
Twenty-seven (84%) experienced marked reduction
in bone pain. Radiologic examination showed
possible improvement in 78% of the strontium-
treated patients.*’

The effect of physiologic doses of strontium ( sev-
eral milligrams/day) has not been studied. However,
chronic consumption of strontium-depleted, refined
foods* may adversely affect bone strength.

Silicon

High concentrations of silicon are found at calcifi-
cation sites in growing bone.® This mineral ap-
pears to strengthen the connective tissue matrix by
crosslinking collagen strands.” Chicks fed a silicon
deficient diet developed gross abnormalities of the
skull and had unusually thin leg bones. The number
of trabeculae was reduced and there was evidence
of impaired calcification >-*2

It is not known whether the typical American diet
provides adequate amounts of silicon. As with
other nutrients, subclinical deficiencies could result
from over consumption of refined foods. In patients
with osteoporosis, where accelerated bone regen-
eration is desirable, silicon requirements may be
increased.

Pyridoxine (Vitamin B6)

Vitamin B6 deficient diets produced osteoporosis in

rats.” The effect of B6 on bone health may involve
several different mechanisms. This vitamin is a
cofactor in the enzymatic crosslinking of collagen
strands,>* which increases the strength of connec-
tive tissue. Vitamin B6 also helps break down
homocysteine,” a methionine metabolite which is
believed to promote osteoporosis (see section on
folic acid).

Dietary surveys indicate that B6 intake by Ameri-
can women is frequently less than the RDA %%
Biochemical evidence of B6 deficiency was found
in more than half of a group of presumably healthy
volunteers.®

Zinc

Zinc is essential for normal bone formation.*® This
mineral also enhances the biochemical actions of
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vitamin D.® Zinc levels were low in serum and
bone of elderly patients with osteoporosis.®* Low
serum zinc levels were also found in individuals
with accelerated bone loss of the alveolar ridge of
the mandible.

The typical American diet is low in zinc. In one
dietary survey, 68% of adults consumed less than
two-thirds of the RDA for zinc.% Widespread dietary
zinc deficiency has been reported in other stud-
ies’64’65

At present, the picolinic acid salt of zinc (zinc
picolinate) appears to have a greater degree of
bioavailability than other zinc supplements.®® Picoli-
nate is a naturally occurring metabolite of tryptophan
which is believed to enhance zinc absorption and
transport in humans.

Copper

Rats fed a copper deficient diet had reduced bone
mineral content and reduced bone strength.®” Cop-
per supplementation also inhibited bone resorption in
vitro.® THE mechanism of action of copper is not
known. However, this mineral is a cofactor for the
enzyme lysyl oxidase,” which strengthens connec-
tive tissue by crosslinking collagen strands.

Since a typical American diet contains only about
50% of the RDA (2 mg/day) for copper," deficiency
of this trace mineral may be quite common.

Ascorbic acid (Vitamin C)

Osteoporosis can result from vitamin C deficiency.”
Although frank scurvy is rare in the United States,
subclinical ascorbic acid deficiency may be common.
Biochemical evidence of vitamin C deficiency was
found in 20% of elderly women, even though they
were consuming more than the RDA of 60 mg/day.”

A Note on Calcium Absorption

Individuals with osteoporosis often absorb calcium
poorly,” Impaired calcium absorption may be
caused by vitamin D deficiency. Hypochlorhydria
(inadequate production of gastric acid), which is
relatively common in women over the age of 50,">
may also reduce absorption of most forms of cal-
cium.”"787°8 Recent studies suggest that calcium
citrate is more efficiently absorbed by both achiorhy-
dric and normal individuals than calcium carbon-
ate.77'81

Conclusion

This review has presented evidence that a wide
range of nutrients affect bone health. Chronic defi-
ciencies of one or more of these nutrients may play
an important role in the etiology of osteoporosis.
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