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Abstract

The role of vitamin K extends well beyond the regulation of blood clotting to impact bone formation, and 

development of heart disease, and possibly cancer. The common denominator among these diverse roles 

is calcium. Vitamin K is required for the carboxylation of glutamate residues on specific proteins to form 

gamma-carboxyglutamate residues (abbreviated Gla-residues). Proteins that undergo this reaction are called 

Gla proteins. They either directly bind  Ca++ or direct Ca++-dependent interactions with negatively charged 

surfaces.1 Thus, vitamin K is critical for bone formation, soft-tissue calcification, cell growth and apoptosis. 

It has emerged as a potential protector against osteoporosis, atherosclerosis, insulin sensitivity, and cancer.2-6  

In human studies the intake of vitamin K has been associated with a lower risk of coronary calcification and 

in animal studies vitamin K has reversed arterial calcification.2, 7, 8 Vitamin K levels are used as diagnostic 

and therapeutic parameters in osteoporosis.3  Recommendations for vitamin K intake were originally made 

on the basis of hepatic requirements for blood coagulation factors.7 Accumulating evidence suggests that the 

requirements to maintain optimal bone and vessel function require higher vitamin K levels.6, 9  There are two 

natural forms of vitamin K which differ based on their phytyl group: phylloquinone (vitamin K1) synthesized 

in plants, and menaquinone (vitamin K2) produced by bacteria in the gut. Both forms have been used to assess 

vitamin K status via direct measurement in serum, though such direct measurements are generally not accepted 

as a reliable index of vitamin K status.7, 8  Functional markers provide a more accurate assessment of vitamin 

K status, they include prothrombin time, undercarboxylated prothrombin (PIVKA-II), and undercarboxylated 

osteocalcin. A vitamin K deficiency can lead to impairment in the carboxylation of osteocalcin, resulting in an 

increase in the undercarboxylated form in circulation, where it can be measured to identify vitamin K status.
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Vitamin K Sources

There are two natural forms of vitamin K which differ 
based on their phytyl group, phylloquinone (vitamin K1) 
the predominant form of vitamin K in the western diet, 
from green leafy vegetables and some vegetable oils, and 
menaquinone (vitamin K2) primarily synthesized from 
gram-negative bacteria in the gastrointestinal tract, as well 
as from meat and fermented foods.10 Menaquinone (MK) 
has several forms; MK-4 can be found in animal meat, 
MK-7, MK-8, and MK-9 are produced from intestinal 
bacterial action on fermented food products such as meat 
and cheese.11 MK-4 is distinct from other MKs because it is 
not produced in significant amounts by bacteria, instead it 
appears to be synthesized by animals (including humans) 
from phylloquinone.12 

Very little vitamin K is stored by the body; small amounts 
of this vitamin are deposited in the liver and in the bones, 
but the amount is only enough to supply the body’s 
needs for a few days. The dietary intake of menaquinones 
was very low (27–30 µg/day) compared with that of 
phylloquinone (244–257 µg/day), and against the current 
dietary recommendations for vitamin K at 90–120 µg/
day. No adverse effects have been reported for individuals 
consuming higher amounts of vitamin K.7 

The synthetic short chain vitamin K1 is commonly 
used in food supplements, though the natural, 
long chain MK-7 has become available as a 
supplement. In a comparison of absorption 
and efficacy between K1 and MK-7, both K1 
and MK-7 were absorbed well with peak serum 
concentrations at 4 hours after intake. A major 
difference was the very long half-life time of MK-7, 
resulting in much more stable serum levels and 
accumulation of MK-7 to higher levels (7-8 fold) 
during prolonged intake.8 These differences in 
half lives may be due to transport mechanisms. 

Phylloquinone is predominantly transported with the 
triacylglycerol-rich fraction, which is very effectively 
cleared from circulation by the liver. Dietary phylloquinone 
alteration causes changes in serum osteocalcin and plasma 
phylloquinone levels.13 Menaquinones are found in both 
triacylglycerol-rich lipoprotein and low-density lipoprotein, 
and are not cleared as quickly.14 MK-7 induced more 
complete carboxylation of osteocalcin and clinicians should 
be aware that preparations supplying 50 microg/day of 
MK-7 may interfere with oral anticoagulant treatment in a 
clinically relevant way.8 

Physiologic Functions
Vitamin K is a coenzyme for glutamate carboxylase, 
which mediates the conversion of glutamate to gamma-
carboxyglutamate (Gla) on polypeptide chains of specific 
proteins. These proteins require carboxylation in order 
to become biologically active, leading to the binding of 
calcium. (Figure 1)  
 
Much of the original research done on vitamin K was 
on coagulation proteins, such as prothrombin, primarily 
because of the ability to test clotting time.7 In the past few 
years, research has focused away from blood coagulation 
proteins to new areas of vitamin K metabolism, which 
include bone and endovascular metabolism; cell growth, 
migration, apoptosis, and adhesion; insulin sensitivity.6, 9, 15 
It may also play a role in the risk of cancer.16, 17

Blood Clotting

A deficiency of vitamin K results in an increase in pro-
thrombin time. The usual clinical manifestation is a 
tendency to hemorrhage. Vitamin K status is especially 
important in the elderly and those with gastrointestinal 
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“The role of vitamin K extends well beyond 

the regulation of blood clotting to impact bone 

formation, and development of heart disease, 

and possibly cancer.”

Vitamin K Content (ng/g) of Various Food Items
Food Item Phylloquinone Menaquinone-4 Menaquinone-9

Meat, Fish 10-40 10-100 0-20

Pork Liver 2-5 3-5 10-20

Milk, yogurt 4-10 4-10 0-20

Cheese curd 20-100 20-100 400-700

Green 
vegetables

2000-8000 0 0

Fruit 1-30 0 0

Bread 5-30 0 9-20
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conditions because of inadequate dietary intake and 
absorptive difficulties, frequently complicated by drug 
therapies. There are case reports of bleeding episodes in 
antibiotic-treated patients due to an acquired vitamin K 
deficiency resulting from a suppression of menaquinone-
synthesizing organisms.7 Vitamin K is also important to the 
millions of patients on warfarin (Coumadin) therapy, an 
oral anticoagulant treatment for a variety of thrombogenic 
conditions. The wide use of this drug is known to result 
in significant risk for major bleeding, which raises new 
clinical questions for patients who must be maintained 
on long-term warfarin therapy.18 In humans, it has been 
demonstrated that oral anticoagulant treatment is associated 
with substantially increased heart valve calcification. 
Observational data has also suggested a possible association 
with warfarin and vascular calcification.19 

Vascular Disease

A prominent feature of vascular calcification is 
atherosclerosis, though the underlying mechanisms are 
still obscure. Vascular smooth-muscle cells and arterial 
intima synthesize a matrix protein that undergoes a vitamin 
K-dependent carboxylation to become matrix gamma-
carboxyglutamic acid protein (MGP). MGP is an inhibitor 
of calcification. Early reports demonstrated the association 
between MGP and vascular calcification and put forth the 
hypothesis that undercarboxylation of MGP was a risk 
factor for vascular calcification and that the majority of 
dietary intakes were too low to ensure full carboxylation of 
MGP.6 In the Rotterdam study of some 5000 participants, 
an adequate intake of menaquinone was clearly linked 
to lower rates of cardiovascular disease.2,20  Since bone-
associated proteins such as osteonectin, osteocalcin, and 
MGP have been detected in calcified vascular tissues, 
calcification is now considered to be an organized, 
regulated process similar to mineralization in bone tissue.21 
Concurrent arterial calcification and osteoporosis have 
been called the “calcification paradox” and occur frequently 
in postmenopausal women.9 In a population-based 
study of postmenopausal women, subjects with aortic 
atherosclerosis had low vitamin K intake and increased 
ucOC.22

Known mutations in the MGP have been characterized by 
calcification of the arteries. Targeted deletion of the MGP 
gene in mice caused rapid calcification of the arteries; 
vitamin K supplementation has been shown to reverse 

arterial calcification in animal studies. While early human 
studies were inconsistent between dietary vitamin K intake 
and coronary artery calcification they looked primarily at 
K1 or phylloquinone. Menaquinone or vitamin K2 intake 
has been associated with a lower risk of coronary heart 
disease mortality.4, 6, 23 The metabolism of menaquinone 
versus phylloquinone has been cited as a probable 
reason as to why the different forms of vitamin K showed 
different results with respect to calcification. The gamma-
carboxylation of MGP is also regulated by several other 
factors including retinoic acid, vitamin D, and extracellular 
calcium ions.24

Though dietary intake of phylloquinone has not been found 
to be associated with coronary calcification, intravenous 
phylloquinone has been widely used therapeutically to 
induce a dose-dependent hypotension.2 In animal studies 
it results in an acute increase followed by a more sustained 
decrease.25 This decrease in blood pressure is believed to be 
due to the activation of the nitric oxide (NO) pathway and 
the release of vasodilator prostanoid(s).19,25 Current dietary 
recommendations of vitamin K are based on saturation of 
the coagulation system and may be insufficient to maintain 
vascular and bone health since individual functions are 
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Vitamin K is a coenzyme in the conversion of glutamate 
to g-carboxyglutamate (Gla) in proteins, such as clotting 
factors, osteocalcin or matrix Gla-proteins. The Gla residues 
have high binding affinity for calcium ions. The process of 
carboxylation catalysis causes oxidation of the vitamin K 
that must be cycled via NADH reduction. This is the step 
that is inhibited by warfarin to prevent blood clotting.

Figure 1. Vitamin K Carboxylation 
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independent of each other. Researchers have noted that the 
present RDA values are too low to ensure full carboxylation 
of MGP.4,6,23  

Glucose Control 

The pancreas, which makes insulin, is a site of synthesis 
for certain vitamin K-dependent proteins, and may play 
a role in blood sugar regulation, which may exacerbate 
any increase in coronary calcification.16, 26 Research 
has also shown that osteocalcin, a bone protein whose 
mineralization function is vitamin K dependent acts as a 
hormone, causing beta cells to release more insulin, and 
at the same time directing fat cells to release the hormone 
adiponectin, which increases sensitivity to insulin.27 In 
a 36-month, randomized, double-blind, controlled trial 
designed to assess the impact of supplementation with 
500 microg/d of phylloquinone on bone loss, the primary 
outcome of the study was reduced insulin resistance in 
men, but not women.28 The Framingham Offspring Cohort 
found higher reported phylloquinone intake was associated 
with greater insulin sensitivity and glycemic status.29 

Bone Activity

Vitamin K has been shown to be a valuable diagnostic as 
well as therapeutic parameter in osteoporosis and bone 
fractures.30,31 Higher vitamin K status has been associated 
with lower fracture risks.32 The Nurses’ Health Study 
followed more than 72,000 women for ten years and found 

that those women with the lowest vitamin K intakes had a 
30% higher risk of hip fracture than those with the highest 
intakes.33 In other studies, calcium loss in those with low 
vitamin K levels was found to be reduced by up to 50% 
with vitamin K supplementation.3, 34

A number of reports have correlated decreased bone 
mineral density or increased fracture rates with a five 
to eight fold increase in undercarboxylated osteocalcin 
(ucOC), a vitamin K-dependent bone protein. Research 

has found that vitamin K intakes similar to those reported 
for the general population did not ensure complete 
carboxylation of osteocalcin and that ucOC could be 
decreased by increasing vitamin K intake.7 Vitamin K 
supplementation has also been shown to decrease the level 
of circulating ucOC, as well as improve bone turnover. 
These reports have led to the suggestion that vitamin K 
requirements for bone function are probably much higher 
than those needed to maintain normal hemostasis and that 
the recommendation should be higher than currently set.7 
The mechanism by which vitamin K may promote 
mineralization of bone, while inhibiting mineralization 
(calcification) of vessels, is not entirely clear. Animal 
studies have demonstrated that osteoblasts are involved in 
postprandial lipoprotein metabolism which may also be 
vitamin K mediated.35

Cancer

Cancer induced hypercoagulable is a well-established 
feature, and venous thromboembolism occurs in 4% to 
20% of cancer patients and is the second cause of mortality 
in cancer.36 Anticarcinogenic activities of vitamin K have 
been observed in various cancer cell lines, including 
prostate cancer cells. Research has suggested an inverse 
association between the intake of menaquinones, but not 
that of phylloquinone and prostate cancer.5 Research has 
also found that vitamin K2 administration significantly 
suppressed hepatocellular carcinoma recurrence.37

Assessment of Status

Direct Measurements  

Methods for direct measurement of vitamin K 
concentration in blood or urine have been reported.38 
Both phylloquinones and the menaquinones have been 
used to assess status, phylloquinone is primarily studied 
because it is the predominate source of vitamin K in 
western countries. Human subjects placed on a low vitamin 
K diet for several weeks show declines in body pools of 
vitamin K from normal values of ~1.0 g/kg body weight. 
Positive correlations between circulating phylloquinone 
concentration and dietary intake have been reported, 
but the strength of this association has varied according 
to studies.7 During dietary restriction, fecal excretion 
of an administered dose of vitamin K fell, but urinary 

“Concurrent arterial calcification and 

osteoporosis have been called the 

“calcification paradox” and occur 

frequently in postmenopausal women.”
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excretion rose, indicating activation of intestinal absorption 
mechanisms.39 Phylloquinone concentrations in plasma are 
decreased in acute-phase response and, unless corrected 
for plasma triglyceride concentration, may not be a reliable 
index of vitamin K status.40 The more clinically relevant 
question of body pool size calls for measures of functional 
status.   

Functional Markers of Vitamin K

Undercarboxylated Osteocalcin (ucOC)

Osteocalcin (OC) or BGP (Bone Gla protein) is secreted 
by osteoblasts and plays a role in mineralization and 
calcium ion homeostasis. It accounts for 10-20% of the 
non-collagenous protein in bone. OC is a product almost 
exclusively of mature, active osteoblasts and is a vitamin 
K-dependent Ca+- binding protein. Transcription of the 
OC gene, located on chromosome 1, is regulated by 
1,25-dihydroxyvitamin D, estrogens, glucocorticoids, 
and other molecules. Posttranslational modification of 
OC occurs through the vitamin K-dependent gamma-
carboxylation of three glutamate molecules in positions 
17, 21, and 24 of the protein. This gamma-carboxylation 
is largely responsible for its calcium binding properties, 
which is known to mediate strong binding of OC to 
hydroxyapatite. Undercarboxylated OC decreases binding 
to the bone and increases in circulating blood and urine 
where it can be measured. Undercarboxylated osteocalcin 
is an assay based on the amount of osteocalcin that is 
undercarboxylated.

The serum concentration of ucOC is a sensitive indicator 
of vitamin K status, as high serum levels of ucOC are 
indicative of low vitamin K status and vice versa.13, 41 
Research has shown it to correlate with plasma PIVKA-
II concentrations (r = 0.27, P < 0.001) and with plasma 
phylloquinone concentrations (r = -0.35, P < 0.001), 
whereas the agreement between plasma phylloquinone and 
PIVKA-II concentrations was not as strong (r = -0.15, P < 
0.05). In addition, the circulating concentration of ucOC 
has been reported to be a predictor of low BMD42, 43 and hip 
fracture risk.43  
This undercarboxylation is significantly increased in elderly 
women, and reflects not only some degree of vitamin K 
deficiency but also their poor vitamin D status, suggesting 
that vitamin D may be important, either directly or 

indirectly through its effect on bone turnover, for achieving 
a normal gamma-carboxylation of OC.43,44  This may be 
of concern for those supplementing with calcium, but 
without adequate vitamin K, possibly leading to an increase 
in free calcium. Though low vitamin K status is associated 
with low bone density and increased risk of osteoporotic 
fractures in adults, little is known about vitamin K status 
and bone health in children. Research has found a marked 
correlation between the markers for bone metabolism and 
ucOC in children, as well as a pronounced low vitamin K 
status of bone during growth. The greatest need was from 
ages 8-13 and in Tanner stages II – IV. Research has not yet 
shown if children would benefit, by improved bone health 
or stronger bones, from higher vitamin K levels.45, 46

Until now, measurement of ucOC in serum sample 
was performed by a hydroxyapatite combination radio 
immunoassay, through a monoclonal antibody specific to 

undercarboxylated osteocalcin. A constructed ELISA system 
is now available.47 Undercarboxylated OC does not bind to 
hydroxyapatite. The ucOC assessment utilizes monoclonal 
antibodies highly reactive to the ucOC. This measurement 
provides useful clinical information of bone metabolism, 
and thus vitamin K status.48, 49

Undercarboxylated Prothrombin (PIVKA-II)

Insufficient vitamin K leads to increased plasma levels of 
biologically inactive, under-gamma-carboxylated forms 
of vitamin K-dependent clotting factors. These proteins 
are referred to as protein induced by vitamin K absence 
or antagonism (PIVKA). In reference to prothrombin, also 
called factor II, the term used is PIVKA-II.50-52 Binding of 
calcium is critical for the sequence of reactions leading 
to blood clotting and requires vitamin K. Multiple 
proteins of the blood clotting cascade have sites for the 
carboxylation. The progression of PIVKA-II resulted in 
elevated values with each trimester of pregnancy and 
has led to the suggestion that some women may develop 

“The Nurses’ Health Study followed more 

than 72,000 women for ten years and found 

that those women with the lowest vitamin K 

intakes had a 30% higher risk of hip fracture 

than those with the highest intakes.”
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a sub-clinical vitamin K deficiency during gestation.53 
Some tumors produce PIVKA-II, including gastric cancer 
and hepatocellular carcinoma.54, 55 Undercarboxylation of 
coagulation factors due to dietary vitamin K deficiency is 
rarely seen in healthy subjects, though undercarboxylated 
osteocalcin, is found in a substantial part of the population, 
notably in elderly women.56

Prothrombin 

The measurement of prothrombin time in plasma reveals 
the vitamin K-dependent activation of prothrombin and 
other clotting factors. Prothrombin times longer than 12 
seconds can indicate vitamin K deficiency. Prothrombin 

time in plasma is not a sensitive indicator of vitamin K 
status because plasma prothrombin concentration must be 
decreased by approximately 50 percent before a value is 
outside of the “normal” range.  In addition, prothrombin 
may not be reflective of changes in extrahepatic vitamin 
K-dependent proteins.52

Matrix Gla Protein (MGP)

MGP is a vitamin K-dependent protein which is 
synthesized in a variety of tissues such as lung, heart, 
kidney, cartilage, and bone. The function of MGP in these 
tissues is unclear. It is present in bone together with the 
related vitamin K-dependent protein OC. Keutel syndrome, 
a rare condition characterized by abnormal calcium 
deposition in cartilage leading to artery stenosis is due to 
an impaired MGP gene.57  Mice that lack MGP develop 
arterial calcification which leads to blood-vessel rupture. 
MGP mRNA transcription is substantially up regulated in 
atherosclerotic lesions.58 Researchers have indicated that 
the loss of MGP expression may be associated with tumor 
progression and metastasis.59 

Urinary Gamma-carboxyglutamyl (Gla) 
Residues 

After protein catabolism, Gla residues contained in the 

vitamin K-dependent proteins are excreted in the urine 
and have been used as an indicator of vitamin K status. 
Urinary Gla responds to alterations in dietary intake, but 
periods of several days are needed before any change can be 
observed, and significant changes take longer. Increases in 
vitamin K intake have not been shown to induce significant 
changes in urinary Gla. Response of urinary Gla to vitamin 
K intake also appears to be age-specific. Depletion periods 
result in significant decreases in urinary Gla excretion in 
younger, but not the older, subjects. There is insufficient 
data for using urinary Gla excretion for estimating vitamin 
K intake.7

Serum Osteocalcin

Serum osteocalcin (OC) is associated with bone turnover, 
which is a determinant of osteoporosis. The serum 
concentrations of OC increase with advancing age 
in both men and women.30, 31 Results concerning the 
relationship between OC and the occurrence of fracture 
are contradictory. Some authors suggest that there is a 
positive association, whereas others suggest that there is 
no association. Assay designs and antibody specificity for 
different forms of circulating OC in different studies are 
highly variable, complicating clinical interpretation. 

Ratio of Undercarboxylated 
Osteocalcin/Osteocalcin - UCR  

Both the undercarboxylated osteocalcin (ucOC) fraction 
and the ucOC/carboxylated osteocalcin (cOC) ratio, also 
noted as the UCR,  are sensitive indicators for vitamin K 
status.46 Previous studies have indicated that a low serum 
cOC level or a high ucOC level are both risk factors for 
femoral neck fracture. In addition, it has been shown that 
serum ucOC decreases and cOC increases rapidly during 
vitamin K2 treatment.

Serum Percent ucOC 

Serum Percent ucOC is determined by assessment of both 
serum total OC and ucOC. Undercarboxylated OC is then 
expressed as the percentage of total OC (Percent ucOC). 
Though research has found that changes in the total 
percentage are generally due to a change in ucOC, while 
cOC were not generally affected by dietary intake, thus 
ucOC is the primary marker.13 

“The serum concentration of ucOC is a 

sensitive indicator of vitamin K status, as 

high serum levels of ucOC are indicative 

of low vitamin K status and vice versa.”
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