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Vitamin K and bone metabolism

Vitamina K �i metabolismul osos
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Abstract

Vitamin K has a well known role in the synthesis of a number of blood coagulation factors. During the

last decade, new reports about the importance of the vitamin K for bone and vascular health were published. Os-

teocalcin, the most important noncollagenous protein of the bone, is a vitamin K-dependent protein and provides

a measure of the vitamin K status of the bone. Recent data demonstrated a correlation between vitamin K in-

takes, bone mass, osteoporosis and risk of fracture. Human intervention studies have shown that vitamin K sup-

plementation increases the bone mineral density in osteoporotic patients and reduces fracture rates. Also there

are evidences about a synergistic effect of vitamin K and vitamin D in bone metabolism. The aim of this paper is

to present the impact of vitamin K upon bone health.
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Rezumat

Rolului tradi�ional al vitaminei K în sinteza unora dintre factorii coagul�rii i s-au ad�ugat în ultimii ani

o serie de dovezi cu privire la implicarea acesteia în s�n�tatea osoas� �i vascular�. Osteocalcina, proteina neco-

lagen� majoritar� din �esutul osos, dependent� de vitamina K este considerat� a reprezenta un marker valors al

statusului vitaminei K. Studii recente au demonstrat existen�a unei rela�ii  între aportul de vitamin�  K, masa

osoas�, osteoporoz� �i riscul de fractur�, suplimentarea cu vitamina K ducând la cre�terea densit��ii minerale

osoase la pacien�ii osteoporotici �i sc�derea ratei fracturilor. De asemenea exista dovezi despre ac�iunea siner-

gic� a vitaminei K �i a vitaminei D asupra metabolismului osos. Aceat� lucrarea î�i propune o trecere în revist�

a datelor recente din literatur� cu privire la implicarea vitaminei K în s�n�tatea osoas�.
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Introduction 

Vitamin K was discovered in 1920 by

the  Danish  biochemist  Henrik  Dam.  He  re-

ceived the Nobel Prize in Medicine in 1943 for

his work on vitamin K. The term “K” is derived

from the German „koagulation-vitamin” refer-

ring to its role in the process of blood clot form-

ation. Recently, advances in the discovery and

characterization  of  new  vitamin  K-dependent

proteins have led to the conclusion that vitamin

K  plays  different  roles  in  bone  and  vascular

health. There are two natural forms of vitamin

K, vitamin K1 (phylloquinone) and vitamin K2

(menaquinones),  and  a  synthetic  compound-

vitamin K3 or menadione also exists Figure 1).
The major source of vitamin K1 is leaf veget-

ables (collards, spinach, salad greens, broccoli,

and cabbage) and some vegetable oil and mar-

garines (oil from soybean, canola, cottonseed or

olive).  Menaquinones  (of  which  a  potential

source are bacteria from the large intestine) are

classified depending of the length of their side-

chain  (abbreviated  to  MK-n):  the  most  nutri-

tionally relevant  are  MK-4 (from meats,  milk

products, eggs) and MK7-9 (from animal livers,

cheeses and natto) (1-3). As shown in  Table 1
there are different dietary sources of vitamin K1

and vitamin K2 (4). The adequate intake level

for vitamin K is considered to be 90 �g for wo-

men and 120 �g for men (1).

In all cells that synthesize vitamin K-de-

pendent  proteins,  vitamin  K  quinine,  derived

from dietary sources, is transformed in vitamin

K quinol (KH2). KH2 acts as a cofactor for the

endoplasmic  reticulum  enzyme  �-glutamil

carboxylase,  for  posttranslational  carboxylation

of glutamate residues into �-carboxy glutamate

(Gla) (Figure 2). These Gla-residues are essen-

tial for stabilizing the tertiary structure and for

the function of the containing proteins (Gla-pro-

teins) (3,5). Gla-proteins’ family includes several

blood coagulation factors synthesized in the liver

(II, VII, IX, X), osteocalcin (OC) synthesized in

bone and matrix Gla-protein (MPG) synthesized

in  extra  hepatic  tissues,  especially  in  cartilage

and arterial  wall  (6,7).  The characterization  of

these proteins has demonstrated the implication

of vitamin K not only in blood coagulation but

also  in  bone  metabolism,  atherosclerosis  and

more recently in inflammation, oxidative stress,

nerve signaling and even renal calculi (2,8).

Due  to the  influence  of  vitamin  K in

bone metabolism and the rising importance of

the osteoporosis, this paper is a review of the

recent evidences about the connection between

vitamin K and bone health.

Physiology of bone metabolism and

vitamin K involvement

The normal bone, a tissue with a con-

tinuous  turnover,  results  from  the  balance

between the activity of bone-forming cells (os-

teoblasts) and bone-resorbing cells (osteoclasts)

that have a permanent bone-modeling activity.

In normal conditions the forming and resorbing
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Figure 1. Chemical structure of vitamin K. 

A. Phylloquinone (K1), plant derived; 

B. Menaquinones (K2), bacterial derived, named

according to the number of prenyl groups (n 1-14); 

C. Menadione (K3), syntetic.
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activities are coupling and thus the bone forma-

tion is equal with bone resorption. Unbalances

of bone turnover appear in the periods of grow-

ing or senescence.

Bone  remodeling  can  be  assessed  by

measuring surrogate markers of bone turnover

in the blood or urine (Table 2).

The level of these markers may identify

changes in bone remodeling within a relatively

short time interval (several days to months) be-

fore changes in bone mineral density can be de-

tected (9,10).

Vitamin  K  is  a  potential  contributory

factor in the regulation of bone remodeling. This

regulation is  intermediated mainly by OC, but

there  are  recent  evidences  for  association
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Tabel 1. Vitamin K1 and K 2 content of food sources (according to Schurgers et al [4])

Food source Vitamin K1 (�g/100g) Vitamin K2 (�g/100g)

Meat 0.5-5 1-30

Fish 0.1-1 0.2-4

Fruit 0.1-3 -

Green vegetables 100-700 -

Grains 0.5-3 -

Natto 20-40 900-1200

Cheese 0.5-10 40-90

Eggs 0.5-2.5 10-25

Margarine and plant oils 50-200 -

Figure 2. The vitamin K cycle. Vitamin K quinone, from dietary sources, is reduced to vitamin K quinol by

vitamin K reductase. Vitamin K quinol is then oxidized to vitamin K epoxide in a reaction coupled to �-

carboxylation of  glutamic acid residues (Glu) to �-carboxi glutamate (Gla). Vitamin K epoxide is then reduced

to vitamin K quinol in a reaction catalyzed by vitamin K epoxid reductase. Warfarin or other coumarin-related

compounds act as an inhibitor of  the reductases and disrupt the recycling of vitamin K.
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between protein S and Gas-6 (another Gla-pro-

teins) and low bone mass (3). In addition to its

function  as  an  enzymatic  cofactor,  vitamin  K

acts as an anabolic agent stimulating the synthes-

is of osteoblasts and as an inhibitor of osteoclasts

formation,  decreasing  their  bone  resorptive

activity (11). Also, vitamin K induces osteoclast

apoptosis, inhibits osteoblast apoptosis and shifts

the balance toward bone deposition (12,13). 

OC  is  an  abundant  non-collagenous

bone matrix protein, (the second most abundant

protein  in  the bone matrix,  over  20%) and is

synthesized  by  mature  osteoblasts  and  in  a

smaller  quantity  by  osteocytes  and  odonto-

blasts. OC messenger RNA has also been detec-

ted in tissues other than bone, but it appears to

be  processed  properly  only  in  the  bone  mi-

croenvironment. The structure of OC is charac-

terized by the presence of three glutamic acid

residues, which undergo a vitamin K-dependent

carboxylation.  The  �-carboxyglutamic  acid

residues (Gla) provide osteocalcin with the abil-

ity to bind with high affinity calcium from hy-

droxyapatite (8) the result of its action being the

attraction of calcium ions (Ca2+) and the incor-

poration  these  ions  into  the  hydroxyapatite

crystals (14). The production of OC is regulated

by vitamin K and vitamin D. Vitamin D pro-

motes the transcription of the OC gene, whereas

vitamin  K  promotes  the  posttranscriptional

carboxylation of Gla residues in the osteocalcin

propeptide (15). It was demonstrated that 1,25-

dihydroxyvitamin D3, the most active metabol-

ite  of  vitamin  D3,  enhances the activity of  �-

glutamyl  carboxylase  (suggesting  that  the

carboxylation of  OC is  stimulated by vitamin

D)  (16)  and  that  menaquinone-4  stimulates

1,25-dihydroxyvitamin  D3-induced  mineraliza-

tion by human osteoblasts (17). 

Determination of phylloquinone plasma

levels is possible, but its utility in assessing vit-

amin K status is insufficient, due to the influence

of  non-dietary  factors  such  as  plasma  trigly-

cerides and smoking status that needs to be ac-

counted for (18). Assays for serum and urine vit-

amin K do not provide information on adequacy

at the tissue level (3). Prothrombin time is only

useful in screening bleeding abnormalities due to

deficiency of vitamin K dependent coagulation

factors. In exchange, the circulating concentra-

tion of under- �-carboxylated OC (ucOC) is con-

sider  to  be  a  sensitive  marker  of  vitamin  K

status,  especially when expressed as  a ratio  to

carboxylated OC (ucOC/cOC) (19).  Population

studies suggest  a correlation between levels of

circulating vitamin K, ucOC, and cOC; all three

parameters should be measured for determining

the real status of vitamin K (3). The plasma level

of phylloquinone is an indicator of recent dietary

phylloquinone intake but the serum percentage

of ucOC is considered to be a sensitive marker of

vitamin K availability in bone (18).

The exact role of OC in bone metabolism

is  less  known.  Due to its  high affinity for hy-

droxyapatite it seems to be required to stimulate

bone mineral maturation (10). On the other hand,

an increase in bone formation without impairing

bone resorption was demonstrated in osteocalcin-

deficient mice, indicating OC as a negative regu-

lator of bone formation (20). The high bone mass

loss in OC deficient mice after ovariectomy, sug-

gests the protective effect of OC in post-meno-

pausal period(21). The study of Ivaska et al (22)

demonstrated that osteocalcin is released during

bone  resorption  as  well as  produced  by  osteo-

blasts during bone formation, and the bone mat-

rix-derived OC may contribute to circulating OC
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Table 2. Biomarkers of bone turn-over.

Markers of bone formation

Bone alkaline phosphatase (bone ALP)

Osteocalcin (OC)

N-terminal propeptides of type-1 procollagen (P1NP)

C-terminal propeptides of type-1 procollagen (P1CP)

Markers of bone resorption

Pyridinoline (PYD)

Deoxypyridinoline (DPD)

C-terminal telopeptide of type-1 collagen (CTX)

N-terminal telopeptide of type-1 collagen (NTX)
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levels. The authors propose that serum osteocalcin

should  be  considered  as  a  marker  of  bone

turnover rather than bone formation.

Protein S also has functions unrelated to

anticoagulation. Only the free form of circulated

Protein  S  (40%  of  total  protein  S)  acts  as  a

cofactor for anticoagulation [23]. The remainder

of 60% circulates bound to C4BP, a regulator of

the  complement  system.  This  complex  acts  as

limiter for complement activation involved in the

clearance of apoptotic cells by phagocytosis (24).

The phagocytosis of apoptotic cells seems to limit

the inflammation and to prevent autoimmune dis-

orders.  It  was demonstrated that  Protein S is a

neuroprotective factor during ischemic brain in-

jury and is an important autocrine substance for

vascular smooth muscle cells (25,26). Protein S

deficiency  has  been  associated  with  osteopenia

and osteonecrosis, suggesting an additional role in

bone metabolism (27). Protein S shares an extens-

ive amino acid sequence with another vitamin K-

dependent protein, Gas6 (for Growth arrest-spe-

cific gene 6) (26). Gas6 is expressed ubiquitously

in  heart,  lung,  stomach,  kidney,  muscle,  brain,

spleen, liver, ovary, and testis. In these locations it

seems to increase the proliferation and the surviv-

al of fibroblasts and vascular smooth muscle cells

(29). In interaction with Axl (the receptor tyrosine

kinase) Gas 6 may modulate cell survival, differ-

entiation, adhesion, migration, and/or proliferation

of articular cartilage, rheumatoid arthritic synovi-

um/ synovial fluid, and the neointima of arteries

after balloon injury (30).

Like the others Gla-protein family mem-

bers,  MGP contains Gla residues which justify

its high affinity for calcium; the attachment of

these residues is done via gama-carboxylation, a

process that  is  inhibited by warfarin (7,31,32).

The importance of MGP for bone and cartilage

metabolism is  underlined by the phenotype of

MGP-deficient mice. These mice have shown ta-

chycardia, short stature and prematurely died at

2 months. The direct cause of death in these mice

was the rupture of thoracic and abdominal aorta,

with severe hemorrhage. The alizarin red stain-

ing proved an extensive vascular calcification in

the early postnatal stage (2-3 weeks of life) and

the aorta  wall  of  these mice displayed foci  of

cartilaginous metaplasia (33). The skeletal phen-

otype of the MPG-deficient mice is characterized

by calcification of the cartilage in the proliferat-

ing chondrocytes zone, lack of organization in

columns of  these cells,  and absence of  hyper-

trophic chondrocytes. These findings indicate an

important deficiency of enchondral ossification,

and explain the short stature and osteopenia (33).

The mechanisms proposed for explaining the in-

hibition of calcification process by MPG are re-

lated to the binding of calcium in the nucleating

hydroxyapatite  (inhibiting  the  crystal  growth),

and  to  the  blocking  of  the  action  of  a  bone

morphogenetic protein (BMP-2), a potent factor

of  bone  maturation  (34,35).  MGP  modulates

mesenchymal  cell  differentiation,  and  the  ab-

sence of BPM inhibition leads to the differenti-

ation  of  vascular  mesenchyme cells  into  bone

cells, thus increasing calcification (35).

The intervention of vitamin K in bone

metabolism is also related to its effect  on the

calcium balance, as calcium is a key mineral in

the bone metabolism. A diet rich in vitamin K

(natto eaters) was associated with a lower urin-

ary calcium excretion than that of non natto eat-

ers (36). Due to the importance of calcium sup-

plementation in attaining a high peak bone mass

and reducing postmenopausal bone loss, further

data  is  required  to  understand  the  connection

between vitamin K and calcium (37).

Vitamin K intake and bone mass

There are several factors that influence

the  peak  bone  mass.  This  notion  reflects  the

skeleton  age,  and  the  Dual  energy  X-ray  ab-

sorptiometry (DXA) measurements established

the peak bone mass  between 26-30 years  (9).

The factors  are  endogenous (genetic  and hor-

monal) and exogenous (nutrition and lifestyle).

Despite the fact that endogenous factors, espe-

cially genetic factors, are responsible for 70%
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of the bone mass, there are a numerous studies

about  dietary  factors  involved  in  the  bone

health.  Nutrition is a factor that could be influ-

enced in the prophylaxis of the osteoporosis, and

excepting calcium and vitamin D, there are other

components to consider. Recent studies and ac-

cumulating evidences about vitamin K influence

on the bone metabolism through OC suggest that

physicians  should  encourage  their  patients  to

consume more food rich in vitamin K (2). 

In  newborn  babies,  the  classic  defi-

ciency of  vitamin K becomes  apparent  in the

first week of life and includes intra-abdominal

and intracranial hemorrhage or cephalic hemat-

oma.  The  low transplacental  transfer,  the  ab-

sence of intestinal bacteria, and the low concen-

tration of vitamin K in human milk are some of

the factors responsible for this deficiency. This

is the reason why the prophylaxis with vitamin

K is indicated in newborn babies, especially in

preterm infants (38). 

Even if there are obvious evidence that

philloquinone intakes in many children and ad-

olescents  are below the recommended level  (1,

39-42), there are only few studies about the influ-

ence of vitamin K on bone health in children and

teenagers. Understanding the role of vitamin K in

bone metabolism in children is important because

the maximization of the accretion of bone mass

during growth could be an important strategy for

the minimization of the risk for osteoporosis in

the  elder  years.  Better  vitamin  K  status  (high

plasma phylloquinone and low %ucOC) was as-

sociated with decreased bone turnover and with

changes  of  the  lumbar  spine  in  healthy  young

girls (but not in the hip) (43). A recent study (44)

in pre-pubertal  girls (11-12 years) shows that a

better vitamin K status, assessed as a low %ucOC,

was associated with increased bone mineral con-

tent (total body and lumbar spine), but not bone

turnover. Also, the %ucOC was inversely correl-

ated with serum 25-hydroxyvitamin D levels, the

most widely used marker of vitamin D status. The

presented findings suggest potentially adverse ef-

fects of low vitamin K status for bone health in-

dices, but there are no evidences to provide cause

and effect. There is a need for more trials to con-

firm the need for regular supplementation of vit-

amin K in children and adolescents. 

Serum %ucOC as well as serum 25-hy-

droxyvitamin  D  concentrations  exhibited  sea-

sonal variation (with lowest values of the first

and  the  highest  values  of  the  second  in  late

summer/early  autumn).  This  variation  was

demonstrated in the young adolescents (44) and

in the elderly women (45) but more research is

needed to define the relationship between vit-

amin K and vitamin D status.

There are several studies in which the in-

vestigation of the association between daily vit-

amin K intake and serum concentration of ucOC

demonstrated  an  inverse  correlation  (46-49)  in

adults. High serum levels of ucOC were associ-

ated  with  low bone  mineral  density  (BMD) in

postmenopausal  women  (50,51),  and  low plas-

matic levels of vitamin K with low BMD in the

spine (52). The differences between male and fe-

male BMD and vitamin K status are related to the

estrogen status. Among men, poor vitamin K nu-

tritional status was associated with low BMD at

the hip, while in postmenopausal women not us-

ing estrogen replacement it was associated with

low BMD of the spine. These associations were

not observed among the pre- and postmenopausal

women using estrogen replacement (18). Also, a

low serum ucOC concentration was found to be a

marker for hip fracture in the elderly population,

although the mechanism by which ucOC is linked

to bone fragility is yet unclear (45). A prospective

cohort study (EPIDOS)  drew the same conclu-

sion; the level of serum ucOC, but not total OC,

predicts hip fracture risk independently of femoral

neck BMD in elderly women (53).

Vitamin K is not known to have a carri-

er  protein;  triglyceride-rich  lipoproteins  are

considered to be the main form to transport vit-

amin K to osteoblasts. Despite this fact, adjust-

ment for triglycerides is not necessary when ex-

amining  associations  between  vitamin  K  and

bone health (18). 
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The  age  is  inversely  correlated  with

%ucOC and with the ratio between ucOC and

intact OC (ucOC/iOC). The plasmatic level of

K1 or MK-7 necessary for minimize the ucOC

concentration is higher in the group aged over

70  years,  and  it  decreases  progressively  for

each of the younger age groups (54). Although

the precise role of ucOC remains unclear, these

age- related differences should have an import-

ance in a possible vitamin K supplementation.

Vitamin K intake supplementation and

its influence on bone health 

In  the  last  years  several  prospective

studies have evaluated the effect of vitamin K

supplementation on the bone metabolism, espe-

cially regarding the protection against the bone

loss. Vitamin K1 or vitamin K2,  mainly MK-4

and  MK-7,  were  used  in  order  to  ensure  the

supplementation. 

The study of Braam et al (55) investig-

ated  the  effects  of  daily  supplementation  for

three years of vitamin D and minerals compar-

ative with vitamin D, minerals and 1000 �g vit-

amin  K1 on  healthy  postmenopausal  women.

The authors had measured BMD and biochem-

ical markers of bone formation and resorption.

No  significant  differences  were  observed

among the groups with respect to BMD change

in  the  lumbar  spine.  If  co-administered  with

minerals and vitamin D, vitamin K1 may sub-

stantially contribute to reducing postmenopaus-

al bone loss with 30-40% in the femoral neck.

If  the  observed  effect  sustains  during  longer

periods of intake, it may result in postponement

of osteoporosis to later ages.

Bolton-Smith et al. (56) performed a 2-

year  double-blind,  placebo-controlled  trial  of

supplementation  in  healthy  women  aged  60

years and older (four groups: placebo, vitamin

D+calcium, vitamin D+calcium+200 �g vitam-

in K1 and 200 �g vitamin K1 alone). They found

no significant changes from baseline in BMD at

the femoral site but the women who took com-

bined vitamin K, vitamin D, and calcium had a

significant  increase in  BMD at  the ultradistal

radius,  a  site  consisting  mainly  of  trabecular

bone (but not at the lumbar spine or total body).

The authors suggest the hypothesis of a syner-

gistic effect of this combination. They assume

that any synergy between vitamin K and D de-

rives  from separate  effects  exerted  independ-

ently or  alternatively from their  concerted ac-

tion through common proteins (OC, matrix Gla

protein, and Gas6) or pathways. The hypothesis

of the direct influence of vitamin D on the �-

carboxylation reaction of bone Gla proteins was

not supported by their findings. In this study the

�-carboxylation of OC was neither enhanced by

vitamin D nor by its combination with vitamin

K.  Recently,  Booth  et  al.  (57)  in  a  3-year,

double-blind, controlled trial on 60-80 years sub-

jects  (500  �g  vitamin  K1+ multivitamin  com-

pared to multivitamin, plus calcium and vitamin

D) found no differences in BMD measurements

at any of the anatomical sites (hip, lumbar spine,

and  total  body)  measured  between  the  two

groups. The same non-significant improvement

of BMD was found at the hip and lumbar spine

in the study of Volpe at al. (58) after supplement-

ation for 6 months with 600 �g vitamin K in pre-

and perimenopausal women. 

In a recent meta-analysis of randomized

controlled trials with  vitamin  K supplementa-

tion for longer than 6 months for reducing bone

loss and preventing fractures,  Cockayne et  al.

(59) suggests that supplementation with vitamin

K1,  and  menaquinone,  especially  MK-4,  re-

duces the bone loss and fractures, particularly

hip  fractures among  Japanese  patients.  It  has

been not established yet  whether K1 or MK-4

has the most anti-osteoporotic effect. The only

difference between both vitamins is the aliphat-

ic  side  chain,  which  does  not  influence  the

coenzyme function, but which does affect  the

distribution of vitamin K over the lipoproteins

in the blood, and the transport to and absorption

by  the  various  tissues  (60).  The  combination

between vitamin K
2
 and risedronat had additive

13
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effects on osteocyte density and lacunar occu-

pancy,  and also a synergistic  effect  on gluco-

corticoid-induced cortical porosity (61)

In  the  randomized  controlled  trial

ECKO (62), the supplementation with vitamin

K1 was 2-4 years long.  No protection against

age-related decline in BMD was found, but this

dose may reduce the incidence of fractures and

cancers  in  postmenopausal  women  with  os-

teopenia.  The anticancer  effects  of  vitamin  K

could be mediated through tyrosinkinaze (63).

Vitamin K antagonists and bone health

Oral anticoagulants are used today in the

treatment of an increased number of patients with

thrombosis or with risk of thrombosis. Their ef-

fects are related to the inhibition of vitamin K re-

ductase and vitamin K epoxide reductase in hep-

atocytes  and osteoblasts,  resulting in vitamin K

deficiency. The impact of vitamin K antagonists

on bone health remains controversial (64) but ac-

cumulating evidence has shown that warfarin in-

creases  fracture  risk by  impairing bone  quality

(65).  Thus,  warfarin  appears  to  induce  skeletal

fragility  through  decrease  in  bone  OC content.

This  hypothesis  was  evaluated  in  rats  by Sug-

iyama  et al (66).  They demonstrated that long-

term  warfarin  administration  did  not  change

BMD, but markedly decreased osteocalcin con-

tent, diminished mineral size, and impaired mater-

ial hardness in humeral cortical bone. 

A recent  study (67)  in  children under

long-term oral  anticoagulant  therapy  shows  a

disturbance  of  the  equilibrium  between  the

bone formation and resorption by favoring the

latter. In these cases the authors recommend for

the physician to monitor the bone status and to

only  intervene  with  appropriate  nutritional  or

pharmacological regimens when necessary. 

These data raise the question of the ne-

cessity of other type of anticoagulant treatment

(prothrombin specific inhibitors or X factor inhib-

itors) in order to avoid the negative effects of the

warfarin especially in patients with osteoporosis.

Conclusions 

In the past decade it has become evid-

ent that vitamin K plays multiple and signific-

ant roles in human health, others that its func-

tion in blood coagulation. There are evidences

about the implication of vitamin K especially in

the bone health and the vascular calcification.

These  functions  are  accomplished  mainly

through Gla-protein family, with OC having an

important role in bone metabolism. OC should

be considered as a marker of bone turnover. 

Accumulated  evidence  indicates  that

subclinical non-hemostatic vitamin K deficiency

in extrahepatic tissues, particularly in bone and

possibly in blood vessels,  exists  widely in the

otherwise healthy adult population. The available

data suggest that a daily intake of 200-500 �g of

vitamin K may be required for optimal gamma-

carboxylation of OC. The same benefits may be

achieved by a daily supplementation with 100 �g

vitamin K, but more studies are needed to further

examine the consequences of continuous admin-

istration of vitamin K. 

The human intervention studies demon-

strated that vitamin K can increase BMD in osteo-

porotic  patients  and  can  reduce  fracture  rate.

There are growing evidences about the synergistic

effect on bone health of vitamin K, vitamin D,

calcium, and possible others micronutrients. Fur-

ther data is required in order to have a complete

understanding of the complex interaction between

vitamin K, vitamin D and bone metabolism.
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