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VITAMIN K BEYOND COAGULATION: A ROLE IN BONE HEALTH AND DISEASE
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Abstract

Vitamin K has long been associated solely with its role in haemostasis. The last two decades brought
new intriguing insights to the function of vitamin K. While the present recommendations for daily intake are
based mainly on amounts required to maintain coagulation, they may not be high enough to ensure adequate
functions of vitamin K not involved in blood clotting, In the present review the role of vitamin K on bone in
health and disease is being discussed. Theoretical grounds connected with the function and diagnostic
application of the vitamin K-dependent protein osteocalcin is described. Available clinical data related to the
use of vitamin K in the prevention and treatment of osteoporosis is provided.
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Among the exciting stories of recent
developments of old drugs is the one of vitamin
K (VK). Discovered by the Danish biochemist
Henrik Dam in 1930 as an “antihaemorrhagic
factor”, it was designated as Koagulation (in
German) vitamin (“K”). This trace nutrient was
found to be present both in plant and in animal
sources. Edward Doisy later distinguished the
vitamin of plant origin (K1) from the one
isolated from fish meal (K2). Subsequently,
they shared the Nobel Prize in Physiology or
Medicine in 1943.

80 years now that VK has been
inevitably associated with its role in
haemostasis. Part of the popularity of VK
comes from the widespread clinical use of its
antagonists, the coumarin anticoagulalnts.

The last two decades brought new
intriguing insights to the function of VK.
Research in this area has revealed a number of
functions not related to coagulation, thus
ascribing the quality of “omnipotent” vitamin to
it [12].

Chemical structure and dietary
SOour ces

VK comprises a family of similar
naphthoquinones  (fig.1). The individual
molecules differ from each other by the length
and degree of saturation of the side chain at the
3-position of the common menadione structure.
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Fig. 1. Chemical structure of vitamin K: A.
Phylloquinone; B. Menaquinones

In VK1, phyllogquinone, it is a phytil
side chain that is attached to the main nucleus.
This form is synthesized by plants, hence the
names ‘phytomenadione or ‘phytonadione”,
which are used interchangeably with phyllo-
quinone. The richest dietary sources are the
green leafy vegetables, but it is found also in
some vegetable oils, fruits, grains and dairy
products.

VK2 is presented by a number of
bacterially synthesized menaquinones (MKs),
where the side chain comprises a polymer of
repeating prenyl units. Mks are -classified
according to the number (n) of these units (MK-
n). In humans, it has long been believed that the
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main source of VK2 is the intestinal bacterial
pool. Recent findings argue against the
significance of intestinally derived vitamin: gut
menaquinones appear to have much less
importance than previously thought [31].
Dietary MKs are present in animal livers and
fermented foods typically represented by
cheeses in Western diets and natto (MK-7) in
Japan. Of interest, MK-4 is considered a
biosynthetic product of phylloquinone in the
organism [29].

Although it is difficult to estimate the
relative contribution of phylloquinone and MKs
in the nutritional VK intake, studies in
Netherlands suggest that VKI constitutes
approximately 90 % and MKs provide ~ 10 %
of the dietary supplies [28].

Vitamin K function

Well recognized function of VK is the
participation  in  the  post-translational
modification of specific proteins, known as VK-
dependent proteins, e.g. clotting factors II, VII,
IX and X. They share the common feature to
possess gamma-glutamic residues that need to
be carboxylated as a critical step for their
functional activation. The reduced form of VK
— hydroquinone (VKH;) serves a co-factor of
gamma-glutamyl carboxylase, which is then
restored through an intermediate epoxide
(VKO). The recovery is catalyzed by VKO-
reductase, the target enzyme of coumarin
anticoagulants. The described system is known
as “VK cycle” (fig.2). The continuous recycling
of VK is the reason that this nutrient is
minimally stored in the organism.

Gamma-glutamyl carboxylase

VK - vitamin K
VKO = vitamin K epoxide
VKH, = vitamin K hydroquinone

Fig. 2. Vitamin K cycle

Effects on bone

In addition to the clotting factors,
various other VK-dependent proteins have been
described and studied recently. Amongst those
expressed in bone, osteocalcin is the most
intensively investigated.

Osteocalcin is the most abundant non-
collagenous bone matrix protein, secreted by
mature osteoblasts. Vitamin D3 stimulates the
gene transcription of OC and glucocortico-
steroids suppress it [23].

OC contains 3 gamma-glutamic
moieties. Although discovered more than 30
years ago, this VK- dependent protein continues
to be a matter of interest and debate and its
mechanism of action in bone remains obscure.
Its ability to bind calcium through the
negatively charged carboxylated gla residues
was considered to reflect a function in bone
mineralization. However, knock-out experi-
ments in mice reveal that OC is not involved in
bone mineralization [13]. Subsequently, using a
more sensitive assay, Boskey et al. [7] did find
differences in knockouts after ovariectomy
compared with wild-type animals, suggesting a
role of OC in mineralization maturation.
Koshihara [20], on the other hand, found that in
human periosteal osteoblasts in  vitro,
osteocalcin plays an important role in
mineralization by osteoblasts. Recently, in a
study aimed to elucidate the ultrastructural role
of Gla proteins in bone mineralization,
Amizuka [2] suggests a pivotal role of OC in
the assembly of mineralized nodules.

Part of osteocalcin produced by
osteoblasts and not deposited in bone matrix,
escapes in the circulation [26]. Thus it can be
measured in blood as a marker of osteoblasts
function, i.e. of bone formation [§8]. On the
other hand, it has been found that OC is
released in blood during bone resorption and
can be viewed as a marker of increased bone
turnover. Interpretations of the levels of intact
OC in the evaluation of bone status are often
controversial. According to Vermeer [35], for
example, low levels of carboxylated osteocalcin
are associated with increased risk for femoral
neck fracture, while in other studies serum OC
has been found to negatively correlate with
BMD in postmenopausal women [21]. The
undercarboxylated OC (ucOC) in serum, which
is inactive in respect to bone metabolism, has
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been considered a more reliable inverse marker
of bone health [25]. Clinical studies have
reported increased levels of ucOC in age-related
change in BMD [19, 25, 32]. Particularly, ucOC
has been regarded as a good predictor of hip
fracture in postmenopausal women [4, 5, 30,
37]. High levels of ucOC generally reveal
deficiency in VK and readily decrease upon
dietary repletion or supplementation.

In addition to affecting bone
metabolism through OC, menatetrenone (MK-
4) and not phylloquinone, has been found to
directly stimulate bone formation by a
mechanism not sensitive to warfarin, suggesting
that carboxylation is not the only way for VK to
act on bone [3]. It has also been shown that VK
improves calcium balance by stimulating
intestinal calcium absorption [33] and reducing
calciuria [27] in experimental rats.

Clinical studies

A number of epidemiological and
prospective studies demonstrate the connection
between VK and bone health. Analysis within
the Nurses' Health Study cohort shows that low
intake of VK may increase the risk of hip
fracture in women [14]. This observation has
been subsequently confirmed in smaller studies
[1]. VK1 but not MK-4 and MK-7 insufficiency
has been associated with increased suscep-
tibility of vertebral fracture independently from
bone mineral density [34]. VK supplementation
has been shown to decrease ucOC and to reduce
the risk of osteoporotic fractures, though the
mechanisms are poorly understood [1, 6, 17]. It
seems that VK induces only modest changes (if
any) in BMD and bone turnover parameters
(other than ucOC) [5], but improves bone
quality and strength [2, 17]. The anti-fracture
effect of VK has been shown with both MKs
(predominantly MK-4 and MK-7 being used,
mainly used in Japan) and phylloquinone (in
Europe) [1, 11, 17]. Further, a synergism
between VK and vitamin D3 with calcium,
reasonable on theoretical grounds, has been
demonstrated in a number of studies [1, 6, 16].

Clinical data show that nutritional
deficiency of VK is common in Western world,
especially in children and in elderly. The
currently recommended daily intakes vary
amongst countries, e.g. 80-120 mcg/day in USA
or approximately 1 mcg/kg/day in the United

Kingdom. Recommended intakes of VK are
based solely on amounts required to maintain
coagulation and they may not be high enough to
ensure adequate function of VKD proteins not
involved in hemostatsis. Indeed, most of the
clinical studies employed relatively high doses
of VK. Nutritional experts share the opinion
that there is a need for establishment of a higher
daily intake [9, 22, 36].

Adver se Reactions

Relatively high doses of VK have been
used in the supplementation studies: 5 mg per
day for phylloquinone and 45 mg for mena-
quinone [MK-4]. In these pharmacological
doses the reported incidence of adverse effects
(gastrointestinal, skin rashes) has been indistin-
guishable from placebo groups [1, 11]. The
good long term tolerability was accompanied in
one study with phylloquinone by a reduced
number of cancers [11].

Oral anticoagulants and bone health.

The recognition of the VK role for
bone metabolism reasonably brought the
question about the effects of VK antagonists,
widely used as oral anticoagulants, on bone.
Numerous studies, both experimental and
clinical, have addressed the issue, but so far no
conclusive results have been reached [10, 18,
15, 38]. Although the literature data are ambi-
guous, a recent review of retrospective studies
reveals that long-term therapy with anticoa-
gulants adversely affects vertebral BMD and
fracture risk. At a minimum, clinicians should
carefully assess anticoagulated patients for
osteoporosis risk, monitor BMD, and refer them
to dietitians for dietary and supplement advice
on bone health [24].

Osteoporosis is a heavy social burden
to the contemporary world. Although much
progress has been made in the treatment of this
condition, the search for new cost-effective
therapies to meet the needs of large affected
populations continues. Vitamin K, alone or in
combinations, may prove in the future to be a
useful adjunct to the present armamentarium for
osteoporosis prevention and treatment.

References
Adams J, Pepping J. Vitamin K in the
Treatment and Prevention of Osteoporosis and

1.

23



Referat general

JM.B.

10.

11.

12.

13.

Arterial Calcification. Am J Health-Syst Pharm.
2005; 62(15):1574-1581.

Amizuka N, Li M, Guo Y, Liu Z, Suzuki R,
Yamamoto T. [Biological effects of vitamin K2
on bone quality]. Clin Calcium. 2009; 19(12):
1788-96.

Atkins GJ, Welldon KJ, Wijenayaka AR,
Bonewald LF, Findlay DM. Vitamin K
promotes mineralization, osteoblast-to-osteocyte
transition, and an anticatabolic phenotype by
{gamma}-carboxylation-dependent  and -
independent mechanisms. Am J Physiol Cell
Physiol. 2009; 297(6):C1358-67.

Arunakul M, Niempoog S, Arunakul P,
Bunyaratavej N. Level of undercarboxylated
osteocalcin in hip fracture Thai female patients.
J Med Assoc Thai. 2009;92 Suppl5:S7-11
Binkley NC, Krueger DC, Engelke JA, Foley
AL, Suttie JW. Vitamin K supplementation
reduces serum concentrations of under—carbo-
xylated osteocalcin in healthy young and elderly
adults. Am J Clin Nutr 2000;72, (6):1523-1528
Bolton-Smith C et al. Two-Year Randomized
Controlled Trial of Vitamin K1 (Phylloquinone)
and Vitamin D3 Plus Calcium on the Bone
Health of Older Women. J Bone Min Res 2007;
22,(4):509-519

Boskey AL, Gadaleta S, Gundberg C, Doty SB,
Ducy P, Karsenty G. Fourier transform infrared
microspectroscopic  analysis of bones of
osteocalcin-deficient mice provides insight into
the function of osteocalcin. Bone. 1998;
23(3):187-96.

Brown JP, Delmas PD, Malaval L, Edouard C,
Chapuy MC, Meunier PJ. Serum bone Gla-
protein: a specific marker for bone formation in
postmenopausal osteoporosis. Lancet. 1984;
1(8386):1091-3.

Biigel S. Vitamin K and bone health in adult
humans. Vitam Horm. 2008; 78:393-416.
Caraballo PJ, Heit JA, Atkinson EJ, Silverstein,
O’Fallon WM, Castro MR, Melton LJ. Long-
term Use of Oral Anticoagulants and the Risk of
Fracture. Arch Intern Med. 1999;159:1750-1756
Cheung AM et al. Vitamin K Supplementation
in Postmenopausal Women with Osteopenia
(ECKO Trial): A Randomized Controlled Trial.
PLoS Medicine 2008; 5(10):1461-1472
Cranenburg ECM, Schurgers LJ, Vermeer C.
Vitamin K: The coagulation vitamin that
became omnipotent. Thromb Haemost 2007; 98:
120-125

Ducy P, Desbois C, Boyce B, Pinero G, Story
B, Dunstan C, Smith E, Bonadio J, Goldstein S,
Gundberg C, Bradley A, Karsenty G. Increased
bone formation in osteocalcin-deficient mice.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Nature. 1996; 382(6590):448-52.

Feskanich D, Weber P, Willett WC, Rockett H,
Booth SL, Colditz GA.Vitamin K intake and hip
fractures in women: a prospective study. Am J
Clin Nutr. 1999; 69(1):74-9.

Gage BF, Birman-Deych E, Radford MJ,
Nilasena DS, Binder EF. Risk of Osteoporotic
Fracture in Elderly Patients Taking Warfarin.
Results From the National Registry of Atrial Fi-
brillation 2. Arch Intern Med. 2006; 166:241-246
Iwamoto J, Takeda T, Ichimura S. Treatment
with vitamin D3 and/or vitamin K2 for post-
menopausal osteoporosis. Keio J Med. 2003;
52:147-50

Iwamoto J, Sato Y, Takeda T, Matsumoto H.
High-dose vitamin K supplementation reduces
fracture incidence in postmenopausal women: a
review of the literature. Nutr Res. 2009;
29(4):221-8.

Jamal SA, Browner WS, Bauer DC, Cummings
SR. Warfarin Use and Risk for Osteoporosis in
Elderly Women. Ann Int Med 1998; 128(10):
829-832

Kim SM, Kim KM, Kim BT, Joo NS, Kim KN,
Lee DJ. Correlation of undercarboxylated
osteocalcin (ucOC) concentration and bone
density with age in healthy Korean women. J
Korean Med Sci. 2010; 25(8):1171-5.

Koshihara Y, Hoshi K, Ishibashi H, Shiraki M.
Vitamin K2 promotes lalpha,25(OH)2 vitamin
D3-induced mineralization in human periosteal
osteoblasts. Calcif Tissue Int. 1996; 59(6):466-
73.

Kumar KVSH, Muthukrishnan J, Verma A,
Modi KD. Correlation between bone markers
and bone mineral density in postmenopausal
women with osteoporosis. Endocr Pract 2008;
14 (9):1102-7

McCann JC, Ames BN. Vitamin K, an example
of triage theory: is micronutrient inadequacy
linked to diseases of aging? Am J Clin Nutr
2009; 90:889-907.

Morrison NA, Shine J, Fragonas JC, Verkest V,
McMenemy ML, Eisman JA. 1,25-
dihydroxyvitamin D-responsive element and
glucocorticoid repression in the osteocalcin
gene. Science. 1989; 246(4934):1158-61.
Pearson DA. Bone health and osteoporosis: the
role of vitamin K and potential antagonism by
anticoagulants. Nutr Clin  Pract. 2007;
22(5):517-44.

Plantalech L, Guillaumont M, Vergnaud P,
Leclercq M, Delmas PD. Impairment of gamma
carboxylation of circulating osteocalcin (bone
gla protein) in elderly women. J Bone Miner
Res. 1991; 6(11):1211-6.

24



Referat general

JM.B.

26.

27.

28.

29.

30.

31.

32.

Price PA, Parthemore JG and Deftos LJ. New
biochemical marker for bone metabolism.
Measurement by radioimmunoassay of bone
GLA protein in the plasma of normal subjects
and patients with bone disease. J Clin Invest
1980; 66:878-83.

Robert D, Jorgetti V, Lacour B, Leclerq M,
Cournot-Witmer G, Ulmann A, Drljeke T.
Hypercalciuria during experimental vitamin K
deficiency in the rat. Calcif Tissue Int. 1985;
37(2):143-7.

Schurgers LJ, et al. Nutritional intake of
vitamins K1  (phylloquinone) and K2
(menaquinone) in the Netherlands. J Nutr
Environm Med 1999; 9: 115-122.

Shearer MJ, Newman P. Metabolism and cell
biology of vitamin K. Thromb Haemost 2008;
100: 530-547

Seibel MJ, Robins SP, Bilezikian JP. Serum
Undercarboxylated Osteocalcin and the Risk of
Hip Fracture. J Clin Endocrin Metab 1997,
82(3):717-718

Suttie JW. The importance of menaquinones in
human nutrition. Annu Rev Nutr 1995; 15: 399—
417.

Szulc P, Arlot M, Chapuy MC, et al. Serum
undercarboxylated osteocalcin correlates with
hip bone mineral density in elderly women. J
Bone MinerRes 1994; 9:1591-1595.

33.

34.

35.

36.

37.

38.

Tomiuga T, Kobayashi M, Nakajima Y, Bessho
M, Katoh Y, Hara K, Akiyama Y, Nakamura T,
Tajima T. Effects of menatetrenone on the
decrease in calcium balance induced by vitamin
K-deficient diet and sodium loading in rats. Jpn
J Pharmacol 1994; 65(1):35-43.

Tsugawa N et al. Low plasma phylloquinone
concentration is associated with high incidence
of vertebral fracture in Japanese women. J Bone
Miner Metab. 2008; 26(1):79-85.

Vermeer C, Hamulyak K. Pathophysiology of
vitamin K-deficiency and oral anticoagulants.
Thromb Haemost 1991; 66:153-159.

Vermeer C, Shearer MJ, Zittermann A, Bolton-
Smith C, Szulc P, Hodges S, Walter P,
Rambeck W, Stocklin E, Weber P. Beyond
deficiency: potential benefits of increased
intakes of vitamin K for bone and vascular
health. Eur J Nutr. 2004; 43(6):325-35.
Vergnaud P, Garnero P, Meunier PJ, Bréart G,
Kamihagi K, Delmas PD. Undercarboxylated
osteocalcin  measured with a  specific
immunoassay predicts hip fracture in elderly
women: the EPIDOS Study. J Clin Endocrinol
Metab. 1997; (3):719-24.

Woo C, Chang LL, Ewing SK, Bauer DC.
Single-point Assessment of Warfarin Use and
Risk of Osteoporosis in Elderly Men. J Am
Geriatr Soc. 2008; 56(7):1171-1176.

25



