
Vitamin K Nutrition and Postmenopausal Osteoporosis Editorial

The key question of vitamin K nutrition in humans may be
how much is enough. As with other vitamins, the answer could
depend on which biological effect is observed. Vitamin K was
first discovered as an antihemorrhagic factor, and it is now
known to be required for the synthesis of several proteins in-
volved in blood coagulation (prothrombin; Factors VII, IX,
and X; proteins S and C). One measure of vitamin K nutri-
tional status is therefore the time it takes blood to clot. By this
measure vitamin K nutritional deficiency in the U.S. popula-
tion is largely limited to neonatal infants.

Other measures of vitamin K nutritional status have arisen
from an understanding of the molecular mechanism of vitamin
K action. Vitamin K is now known to be a cofactor for the
posttranslational modification of specific glutamic acid resi-
dues to form the Ca2" binding amino acid, y-carboxyglutamic
acid (Gla). Since Gla is not metabolized further in humans,
urinary Gla levels provide a measure of the total turnover of all
Gla-containing proteins in an individual. If dietary levels of
vitamin K are low, the extent of the vitamin K-dependent
formation of some or all Gla residues in these proteins should
be reduced and less Gla should appear in urine.

In the study by Ferland et al. (1), vitamin K deficiency was
induced in young and old healthy human subjects by restrict-
ing vitamin K1 intake to 10 ,g/d, a level which is below the 80
Ag/d recommended daily allowance for the vitamin. Plasma
levels of vitamin K fell over sixfold within 3 d of dietary restric-
tion in both the young and old subjects. Although this level of
vitamin K1 depletion had no effect on blood coagulation time
or on the activity of Factor VII or protein C, it did reduce
urinary Gla levels by a consistent 10% in the younger group.
How can urinary Gla decline if the synthesis of the vitamin
K-dependent coagulation factors is normal? It is clear that
other Gla proteins must contribute to urinary Gla levels, and
that the normal synthesis of these proteins must be reduced at
levels of vitamin Kwhich are adequate for normal blood coagu-
lation. The authors estimate that these other Gla proteins con-
tribute 36% of urinary Gla, and consequently a 10% drop in
urinary Gla translates to a 28% decrease in synthesis of these
other Gla proteins. Although a number of novel Gla-contain-
ing proteins may remain to be discovered, only two other Gla-
containing proteins have been isolated to date, osteocalcin
(bone Gla protein) and matrix Gla protein (2). Osteocalcin is
synthesized by osteoblasts in bone and is one of the most abun-
dant noncollagenous proteins in the extracellular matrix of
bone. Osteocalcin is also found in plasma, where its levels have
been shown to correlate with bone turnover. MGPis synthe-
sized by many cells and tissues, with the highest levels in heart,
lung, kidney, and cartilage.

Since the function of osteocalcin and matrix Gla protein
are presently unknown, it is not possible to access directly vita-
min K nutritional status by measurement of the physiological
activity of these proteins as it is for the coagulation factors.
Osteocalcin, however, does have a Gla-dependent property
that can be used to access vitamin K nutritional status: the
ability to bind strongly to the hydroxyapatite mineral phase of
bone. The measurement of the fraction of serum osteocalcin
that cannot bind to hydroxyapatite provides a simple measure
of the amount of undercarboxylated osteocalcin (ucOC) se-
creted into serum by bone cells. This assay was first applied to
the analysis of human nutrition in a study of pre- and post-
menopausal women by Knapen et al. (3). Postmenopausal
women were found to have elevated levels of serum ucOC
while premenopausal women did not, and administration of
high oral doses of vitamin K1 (1 mg/d for 2 wk) restored normal
carboxylation.

In this issue of The Journal, Szulc et al. (4) also report that
serum ucOC is elevated in elderly women. They make the strik-
ing observation that the serum level of ucOC correlates with
the subsequent risk of hip fracture during follow-up. The rela-
tive risk of hip fracture was in fact six times higher in women
with abnormally high values of serum ucOC. Other biochemi-
cal indices of bone metabolism had no predictive value for risk
of hip fracture. Although the mechanisms that link vitamin K
deficiency and risk of hip fracture in elderly women are un-
clear, it is interesting that a recent study has found that the
administration of high doses of vitamin K to postmenopausal
women for 24 and 48 wk does significantly increase bone mass
compared to women treated with placebo (5).

The studies in this issue (1, 4) are significant advances in the
understanding of vitamin K nutrition in humans, and indicate
that impaired synthesis of some vitamin K-dependent proteins
may be far more prevalent in the human population than coag-
ulation assays alone indicate.

Paul A. Price
Department of Biology
University of California, San Diego

References

1. Ferland, G., J. A. Sadowski, and M. E. O'Brien. 1993. Dietary induced
subclinical vitamin K deficiency in normal human subjects. J. C/in. Invest.
91:1761-1768.

2. Price, P. A. 1988. Role of vitamin K-dependent proteins in bone metabo-
lism. In Annual Review of Nutrition. R. E. Olson, E. Beutler, and H. P. Broquist,
editors. Annual Reviews Inc., Palo Alto, CA. 565-583.

3. Knapen, M. H., K. Hamulyak, and C. Vermeer. 1989. The effect of vitamin
K supplementation on circulating osteocalcin (bone Gla protein) and urinary
calcium excretion. Ann. Intern. Med. 111: 100 1- 1005.

4. Szulc, P., M.-C. Chapuy, P. J. Meunier, and P. D. Delmas. 1993. Serum
undercarboxylated osteocalcin is a marker of the risk of hip fracture in elderly
women. J. Clin. Invest. 91:1769-1774.

5. Orimo, H., M. Shiraki, T. Fujita, T. Onomura, T. Inoue, and K. Kushida.
1992. Clinical evaluation of menatetrenone in the treatment of involutional osteo-
porosis: a double-blind multicenter comparative study with lahydroxy vitamin
D3. J. Bone Miner. Res. 7(Suppl. 1 ):S 122.

1268 P. A. Price

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/93/04/1268/1 $2.00
Volume 91, April 1993, 1268


