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Vitamin K2

Introduction
Vitamin K is a fat-soluble vitamin essential for the functioning of several proteins involved in blood clotting.1 

Discovered in 1929 by Danish scientist Henrik Dam, the vitamin received the letter “K” because the initial discoveries 
were reported in a German journal in which the substance was designated as “Koagulationsvitamin.” Research during 
the last 30 years has resulted in greater appreciation for vitamin K. For instance, although vitamin K is usually identi-
fied as a critical factor in blood coagulation, recent research reveals it is a cofactor in bone metabolism.2-8 Inhibition of 
cancerous cell growth in vivo and in vitro by vitamin K has also been observed.9-16 Furthermore, recent findings suggest 
it may be an important cofactor in the treatment and prevention of atherosclerosis and calcified arterial plaque.17,18 The 
primary dietary source of vitamin K is generally green leafy vegetables. Consequently, high vitamin K intake may serve 
as a marker for a healthy diet rich in vegetables.19

Biochemistry
Vitamin K2 is part of a family of structurally similar fat-soluble, 2-methyl-1,4-naphthoquinones that include 

phylloquinone (K1), menaquinones (K2), and menadione (K3). The members of the vitamin K family possess an 
identical naphthoquinone skeleton with various side chains that distinguish them. The best-known member of the 
vitamin K family is phylloquinone, also known as phytonadione or menaphthone, so named because of its intimate 
relationship with photosynthesis in plant leaves. Phylloquinone is found in many higher plants as well as algae, with 
the highest concentrations found in green leafy vegetables.20

Menaquinones also occur naturally, but are not produced by plants; rather, they are produced by a vast array of 
bacteria. Menaquinones were originally isolated from putrefied fishmeal as a product of microbial synthesis.21 Recent 
studies have discovered menaquinones can actually be produced by animals and probably humans from the conver-
sion of other forms of vitamin K.22,23 The most common form of vitamin K in animals is menaquinone-4 (MK-4), 
produced by intestinal bacteria from exogenous naphthoquinones and transformed endogenously in our own cells.24

Pharmacokinetics
Vitamin K1 is absorbed from the gastrointestinal tract in the presence of bile salts and pancreatic lipase. Once 

absorbed, vitamin K accumulates in the liver, spleen, and lungs, but significant amounts are not stored in the body for 
long periods.

The action of vitamin K1, when administered parenterally, is generally detectable within 1-2 hours, and hem-
orrhage is usually controlled within 3-8 hours. A normal prothrombin level may often be obtained in 12-14 hours.25

The pharmacokinetics of supplemental vitamin K2 is not yet clearly understood, although its clinical efficacy 
is evident.
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Mechanisms of Action
Vitamin K is a cofactor in a number of bio-

chemical pathways. Those most commonly associated 
with vitamin K are the vitamin K-dependent carboxyl-
ation reactions. In these reactions the reduced form of 
vitamin K (hydroquinone) de-protonates glutamate via 
the gamma-glutamyl carboxylase enzyme. The epoxide 
formed is recycled via vitamin K epoxide reductase and 
quinone reductase, and glutamic acid-containing pro-
teins, such as coagulation factors II (prothrombin), VII, 
IX, and X, protein C, and protein S, are carboxylated. 
Compared to the other vitamin K analogues, vitamin 
K2 has the most potent gamma-carboxylation activity.26

Vitamin K functions in the post-translational 
modification of a number of vitamin K-dependent 
proteins such as osteocalcin, a bone protein contain-
ing gamma-carboxyglutamic acid, discovered in 1975.27 
Gamma-carboxylation of the glutamic acid in osteocal-
cin is vitamin K dependent and involves the conversion 
of glutamic acid residues (Glu) to gamma-carboxyglu-
tamic acid residues (Gla). A number of calcium-bind-
ing proteins, such as calbindin and osteocalcin, contain 
gamma-carboxyglutamate. These proteins are involved 
with calcium uptake and bone mineralization. Osteo-
calcin is synthesized in osteoblasts.28 Because osteocal-
cin that is not carboxylated cannot bind to hydroxyapa-
tite, serum levels of osteocalcin are a good biochemical 
marker of the metabolic turnover of bone.29

Unlike blood coagulation proteins, which need 
much lower levels of vitamin K for complete gamma-
carboxylation, higher levels of vitamin K are essential 
for the total gamma-carboxylation of osteocalcin.30 
Dietary intake of vitamin K in 219 healthy adults eat-
ing an average U.S. diet was found to be insufficient 
for gamma-carboxylation of osteocalcin, while normal 
prothrombin time was maintained.31 An elevated level 
of serum glutamic acid under-carboxylated osteocalcin 
is indicative of vitamin K deficiency and is associated 
with reduced hip bone mineral density (BMD) and in-
creased fracture risk in healthy elderly women.32 Rats 
with hypoprothrombinemia were given vitamin K3 or 
K2 orally (0.1 mg/kg) and absorption and concentra-
tion in the liver were compared. The most potent form 
was found to be vitamin K2.33

Vitamin K2, in the form of menaquinone-4, 
is the most biologically active form of vitamin K, up-
regulating the gene expression of bone markers. MK-4 
has been clinically used in the treatment of osteoporosis 
in Japan, where extensive research in this field has been 
taking place. This research confirms that MK-4 is con-
verted from dietary vitamin K1 and then accumulates 
in various tissues at high concentrations, although the 
pathway by which MK-4 is converted remains unclear.34

Deficiency States and Symptoms
Deficiency of vitamin K is associated with im-

paired blood clotting, demonstrated by such symptoms 
as easy bruising, frequent nosebleeds, bleeding gums, 
heavy menstrual periods, and presence of blood in the 
urine and/or stool. Vitamin K deficiency may be dem-
onstrated through laboratory measurement of blood 
clotting time. Individuals at greatest risk for vitamin K 
deficiency include those taking vitamin K antagonist 
anticoagulant drugs, those with significant liver impair-
ment, and those who suffer from fat malabsorption 
conditions.35,36 Vitamin K deficiency in a newborn is 
serious, as it may result in a bleeding disorder called 
vitamin K deficiency bleeding (VKDB). VKDB is life-
threatening, but it can be easily prevented by adminis-
tering an injection of vitamin K to newborns, a practice 
recommended by the American Academy of Pediatrics 
and a number of similar international organizations.37

Clinical Indications
Osteoporosis

Several human trials have found vitamin K2 
effective in the treatment of osteoporosis.26,38-41 In a 
randomized, open-label study, 241 osteoporotic women 
were given either 45 mg/day vitamin K2 and 150 mg 
elemental calcium (treatment group; n=120) or 150 
mg elemental calcium (control group; n=121). After 
two years, vitamin K2 was shown to maintain lumbar 
BMD. Patients receiving vitamin K2 also experienced 
significantly lower fracture incidence (10% versus 30%, 
in the treatment and control groups, respectively).41 In 
a double-blind, placebo-controlled, 24-week study, 80 
patients with osteoporosis received either 90 mg/day 
vitamin K2 or placebo. Second metacarpal BMD was 
increased by 2.20 ± 2.48 percent compared to placebo, 
which decreased by 7.31 ± 3.65 percent.39
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Vitamin K2 in Osteoporosis of Postmenopausal 
Women

The incidence of osteoporosis is high in post-
menopausal women. A number of trials have demon-
strated vitamin K2 induces significant reductions in 
bone loss in postmenopausal osteoporotic women. In 
a controlled clinical trial, 172 osteoporotic/osteopenic 
women (BMD < 0.98 g/cm2) were randomly assigned 
to receive vitamin K2 (45 mg/day), 1-alpha-hydroxy-
cholecalciferol vitamin D3 (a synthetic analog of ac-
tive vitamin D3) 1 mcg/day, both, or placebo for 24 
months. Combination therapy resulted in a significant 
4.92 ± 7.89 percent increase in BMD, while vitamin K2 
alone resulted in only a 0.135 ± 5.44 percent increase in 
BMD – higher, but not statistically significantly higher, 
than baseline values. However, at 18- and 24-month 
evaluations, BMD was significantly higher in the vita-
min K2 group compared to the control group. In this 
study a combination of vitamins K2 and D3 proved 
more protective than either supplement alone.26

A longitudinal study of 17 postmenopausal 
women given vitamin K2 (45 mg/day) for one year 
found vitamin K2 suppressed the decrease in spinal 
BMD, with a slight increase (0.23 ± 0.47%) compared 
to the control group of 19 postmenopausal women who 
experienced a decrease (-2.87 ± 0.51%) in BMD.42

Ninety-two postmenopausal women, ages 
55-81, were randomly assigned to one of four groups: 
vitamin K2 (45 mg/day), 1-alpha-hydroxyvitamin D3 
(0.75 mcg/day), a combination of vitamins K and D 
(same dosage as above), or calcium lactate (2 g/day). 
The vitamin-K and -D groups experienced significant 
increases in BMD compared to the calcium group over 
a two-year period, while the combined treatment was 
synergistic, significantly increasing lumbar BMD by 
1.35 percent.43,44

Vitamin K2 and Bisphosphonates
A number of bisphosphonates (e.g., etidronate, 

alendronate, and risedronate) are used in the treatment 
of osteoporosis. These drugs, although generally consid-
ered to be more effective than vitamin K2 in increasing 
BMD, seem to work synergistically with it.

A randomized, open-label study of 98 post-
menopausal, osteoporotic women found significantly 
decreased fracture rates in 23 subjects (2/23) taking 

vitamin K2 (45 mg/day) and 25 subjects (2/25) tak-
ing etidronate (200 mg/day for two weeks every three 
months), compared to 24 subjects (6/24) taking cal-
cium lactate (2 g/day). The fracture rate was decreased 
further in 26 subjects (1/26) taking a combination of 
vitamin K2 and etidronate.45

The bisphosphonate, alendronate (Fosamax®), 
encourages cortical bone growth by inducing apopto-
sis of osteoclasts. In a 2004 study, the influence of vi-
tamin K2 on trabecular and cortical bone formation 
was shown not to interfere with bisphosphonates and 
the apoptosis of osteoclasts. The authors concluded the 
combination of vitamin K2 and bisphosphonates could 
produce an additive effect in osteoporosis prevention.46

Vitamin K2 in Osteoporosis of Parkinsonʼs 
Disease

As a general population the elderly are at high 
risk for osteoporosis; Parkinsonʼs disease, however, 
compounds the risk. Research of elderly populations 
has found a high incidence of hip fractures and osteo-
porosis in Parkinsonʼs patients,47,48 in part related to 
vitamin D deficiency49 and immobilization.50 The defi-
ciency does not appear to be related to lack of 25-hy-
droxyvitamin D3, but rather to suppression of 1,25-di-
hydroxyvitamin D3 (the active form of vitamin D) by 
high serum calcium. The application of vitamin K2 sig-
nificantly increased 1,25-dihydroxyvitamin D3 and de-
creased serum calcium.50 Vitamin K2 (45 mg/day for 12 
months) to 54 female osteoporotic Parkinsonʼs patients 
65 years or older resulted in one hip fracture, compared 
to 10 fractures (eight hip, one radius, one ankle) in 54 
matched, untreated, osteoporotic Parkinsonʼs patients. 
Hip fractures were caused by falls and no significant dif-
ferences were noted in number of falls between groups. 
The average bone loss in the untreated group was 4.3 
± 2.5 percent of BMD compared to 1.3 ± 0.4 percent 
in age-matched controls. Vitamin K2-treated patients 
experienced a 0.9 ± 1.2 percent gain in BMD.50

Vitamin K2 in Bone Loss from Leuprolide
A moderate reduction in BMD is one of the 

frequent side effects of the gonadotropin-releasing hor-
mone antagonist leuprolide for endometriosis, leiomyo-
mas, and prostate cancer.51,52 Administration of vitamin 
K2 (45 mg/day; n=28) or the combination of K2 and 
1,25-dihydroxyvitamin D3 (45 mg/day and 0.5 mcg/



Copyright © 2009  Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission.  

Alternative Medicine Review  Volume 14, Number 3  2009

Vitamin K

Page 287

day, respectively; n=28) resulted in partial prevention of 
bone loss compared to the leuprolide-only group (n=28) 
or the vitamin D-only group (n=26). Bone loss after six 
months as measured by lumbar spine BMD was 5.25 
percent in the leuprolide-only group, 4.13 percent in the 
vitamin D group, 3.72 percent in the vitamin K group, 
and 3.59 percent in the group taking vitamins K and D.53

Vitamin K2 in Bone Loss from Prednisolone
Use of glucocorticoids is the most common 

cause of drug-induced secondary osteoporosis.54 Ad-
ministration of glucocorticoids for long periods of time 
can lead to a decrease in bone mineral density.55 Several 
studies found vitamin K2 has a marked effect on the 
loss of BMD in prednisolone-treated patients. Sixty 
patients with chronic glomerulonephritis were random-
ized to four groups: control, 1-alpha-hydroxyvitamin 
D3 (0.5 mcg/day), vitamin K2 (45 mg/day), or vi-
tamins K2 with D3. Patients concomitantly received 
prednisolone at a daily dose of 0.7 mg/kg up to a maxi-
mum of 40 mg for four weeks, then tapered to 25 mg 
daily for another four weeks prior to assessment. The 
control group experienced a significant decrease from 
baseline in BMD over the eight-week study: -3.19 ± 
1.11 percent, compared to the vitamins D, K, and D+K 
groups that maintained baseline levels (0.28 ± 1.30, 
0.50 ± 1.17, and 0.44 ± 1.36 percent, respectively).56

In a prospective pilot study, 20 children being 
treated with prednisolone and vitamin D3 (0.03 mcg/
kg/day) were continued on D3 plus prednisolone or 
given that combination plus vitamin K2 (approximately 
2 mg/kg/day) for 12 weeks. Vitamins K2 and D3 com-
bined had an additive effect, with a significant increase 
in lumbar BMD and osteocalcin compared to vitamin 
D3 alone.57

Similar results were obtained in a random-
ized, prospective, controlled study of 20 patients with 
glomerulonephritis given 0.8 mg/kg/day prednisolone 
up to a maximum of 40 mg/day for four weeks, then ta-
pered to 20 mg/day over a six-week period. One group 
received only prednisolone, while a second group also 
received vitamin K2 (15 mg three times daily). After 10 
weeks, a reduction in lumbar spine BMD (from 1.14 
± 0.12 g/cm2 to 1.10 ± 0.11 g/cm2) was noted in the 
prednisolone-only group. The vitamin K2 group dem-
onstrated a somewhat slower rate of bone loss (from 
1.09 ± 0.09 g/cm2 to 1.07 ± 0.07 g/cm2).55

Vitamin K2 in the Treatment of Bone Loss in 
Biliary Cirrhosis

Patients with primary biliary cirrhosis expe-
rience osteodystrophy and increased fracture rate and 
fat malabsorption that can result in deficiencies of vi-
tamins D and K. Serum levels of vitamin K have been 
found to be low in this population. In a randomized, 
controlled trial of 27 patients with primary biliary cir-
rhosis, the treatment group (n=14) received vitamin K2 
(45 mg/day) for two years. After one year the control 
group (n=13) experienced a 3.5 ± 1.2 percent decrease 
in BMD, while the vitamin K2 group demonstrated a 
0.3 ± 2.3 percent increase in BMD. After two years, 
the control group demonstrated a 6.9 ± 2.1 percent de-
crease in BMD, compared to only a 0.8 ± 3.4 percent 
decrease in the K2 group. BMD was significantly high-
er in the vitamin K2 group during the two-year period 
compared to controls.58

Vitamin K2 in the Treatment of Osteopenia of 
Stroke Patients and Skeletal Unloading 

Victims of stroke are often immobilized, lead-
ing to significant loss of BMD. The most pronounced 
loss of bone occurs on the hemiplegic side compared 
to the unaffected side. This loss has been attributed 
to increased bone resorption, immobilization-induced 
hypercalcemia, and hypovitaminosis D.59 A random-
ized, controlled trial of 108 hemiplegic stroke victims 
(54 subjects treated with 45 mg vitamin K2 daily for 
12 months and 54 subjects serving as controls) found 
vitamin K2 effective for preventing disuse bone loss. 
Second metacarpal BMD on the hemiplegic side in-
creased an average of 4.3 percent with vitamin K2 and 
decreased an average of 4.7 percent with no treatment. 
The unaffected side had a 0.9-percent decrease in sec-
ond metacarpal BMD with vitamin K2 treatment com-
pared to 2.7-percent decrease with no treatment.60

Cardiovascular Health 
Animal studies have demonstrated vitamin 

K2, but not vitamin K1, may inhibit the calcification of 
arterial plaque. A 1996 study on male rats found high-
dose vitamin K2 (100 mg/kg body weight daily) inhib-
ited the increase in aortic or kidney calcium induced by 
megadose synthetic vitamin D2.61
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Similarly, a 1997 study was conducted on 
hypercholesterolemic rabbits placed on a 0.5-percent 
cholesterol diet. The study demonstrated that admin-
istration of high-dose vitamin K2, 1-10 mg/kg body 
weight daily for 10 weeks, suppressed the progression 
of atherosclerotic plaques in the aorta and pulmonary 
arteries. Vitamin K2 was also observed to lower total 
cholesterol, lipid peroxidation, and factor X activity in 
plasma, and the ester cholesterol deposition in the aorta 
compared to the control group.62

Human studies also suggest that dietary vita-
min K2 might reduce the risk of cardiovascular disease 
by reducing coronary calcification. A cross-sectional 
study of 564 postmenopausal women investigated the 
association between intake of vitamin K1 and vitamin 
K2 with coronary calcification. Dietary intake of vita-
mins K1 and K2 was determined using a food-frequen-
cy questionnaire. Of the women sampled, 62 percent 
(n=360) had coronary calcification. Although vitamin 
K1 was not associated with any significant effect on 
coronary calcification (RR=1.17; 95% confidence in-
terval: 0.96-1.42; p(trend)=0.11), it was observed that 
vitamin K2 intake was associated with the trend toward 
decreased coronary calcification (RR=0.80; 95%-CI: 
0.65-0.98; p(trend)=0.03).18

Cancer
Both in vitro and in vivo studies have shown 

that vitamin K2 exhibits anticancer effects. A number of 
cancer cell lines have been screened (including liver, co-
lon, leukemia, lung, stomach, lymphocyte, nasopharynx, 
breast, and oral epidermoid) for inhibition by vitamin 
K2. Vitamin K2 was found to have an ID50 value from 
0.8-2 mM, which, although lower than K1, is still much 
higher than inhibitory levels of vitamin K3 (18-45 µM).5

Other in vitro studies have found lower concen-
trations of menaquinones are effective anticancer agents 
for a number of cancer cell types. The HOS TE85 hu-
man osteosarcoma cell line and the MC3T3-E1 mouse 
osteoblastic cell line were cultured for three days in a 
medium containing various concentrations of MK-4. 
The proliferation of HOS cells was suppressed by vita-
min K2 in a dose-dependent manner up to 56 percent 
of control by 10-7M of K2, and that of MC3T3-E1 cells 
was suppressed to 84 percent of control by 10-6M of vi-
tamin K2.63 MK-3 had an ID50 of 112 µM (112 x 10-6 
M) for the human hepatoma cell line Hep3B.64

Vitamin K2 induced growth inhibition via cell 
cycle arrest and apoptosis in a dose-dependent manner 
for glioma cells in both rat (C6) and human cell types 
(RBR17T, T98G).65 Incubation with 3 µM of MK-4 
for 72 hours decreased cultured leukemic blast cells 
from 27.6 percent to 17.7 percent. Increasing the con-
centration of MK-4 to 10 µM decreased blast cell num-
bers to 3.9 percent.66 Vitamin K2 was able to induce 
cell cycle arrest in the G0G1 transition as well as induce 
apoptosis in a dose-dependent manner in glioma, hepa-
toma, and leukemia cell lines.65,67,68 Leukemia cell lines 
resistant to apoptosis still demonstrated induction of 
differentiation.68

Myeloblastic (ML1) and promyelocytic 
(HL60) cell lines cultured with 1 µM of vitamin K2 
showed an 84-percent differentiation induction as mea-
sured by nitrotetrazolium blue staining (NBT), while 
vitamin K1 showed no differentiation effect. Other 
differentiation-inducing agents such as retinoic acid, in-
terferon-gamma, and camptothecin were found to have 
a synergistic effect when combined with vitamin K2.69,70 
Further studies with isolated leukemia cells (post-my-
elodysplastic syndrome [MDS] and acute myelocytic 
leukemia) determined that vitamin K2 at 10 µM was 
able to selectively induce apoptosis in the leukemia cells 
in 48 hours.70 Three naturally occurring vitamin K2 
analogues, MK-3, MK-4, and MK-5, were tested with 
leukemic blast cells. One of the more potent vitamin K2 
analogues tested, MK-4, was found to induce apoptosis 
in 90 percent of leukemic blast cells. Normal bone mar-
row cells were also tested with the same concentration 
of the vitamin K2 analogues for 72 hours. The cyto-
toxicity to leukemia cells was much more pronounced, 
while the vitamin K2 analogues had “almost no effect” 
on normal bone marrow cells.68 The selective cytocidal 
effect of the three vitamin K2 analogues on immature 
transformed blasts was confirmed using a more sensi-
tive antibody APO2.7 technique.71

A number of case studies support the use of vi-
tamin K2 as an anticancer agent. An 80-year-old woman 
with MDS received an oral dose of 45 mg/day of vita-
min K2. After 14 months of treatment her pancytope-
nia improved and transfusions were no longer needed.72 
A 72-year-old woman diagnosed with acute promyelo-
cytic leukemia achieved remission when given all-trans-
retinoic acid (60 mg/day), enocitabine (200 mg/day), 
and daunorubicin (40 mg/day) for one week. Relapse 
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occurred eight months later at which time 20 mg/day 
of vitamin K2 as MK-4 (route of dose unspecified but 
assumed to be oral) in conjunction with the previous 
protocol resulted in the complete disappearance of pro-
myelocytes after two months. Analysis of bone marrow 
confirmed complete cytogenic remission.73 A 65-year-
old man with MDS who had progressed to acute my-
eloid leukemia (AML) was treated orally with 90 mg/
day of MK-4. Within six weeks he experienced a sig-
nificant decrease in blast count from 34 to eight percent 
and increase in platelet count from 31 x 109/L to 133 x 
109/L. At 10 months the dosage was reduced to 45 mg/
day with an absence of side effects and continuing good 
performance without myeloablative therapy.66

These encouraging results from vitamin K2 
therapy have led to a multi-center pilot study in Japan 
of MDS and post-MDS acute myeloid leukemia (post-
MDS AML treatment with vitamin K2 [MK-4]).72 In 
11 independent institutes, 47 patients received treat-
ment with MK-4. Of 47 patients, 15 had refractory 
anemia; six had refractory anemia with excessive blast; 
11 had refractory anemia with excess of blast and in 
transformation; three had chronic myelomonocytic leu-
kemia; and 12 had post-MDS AML. MK-4 was effec-
tive in reducing blast cell numbers in bone marrow and/
or peripheral blood in 71.4 percent (10/14) of those re-
ceiving other medications concomitantly. Patients with 
refractory anemia with excess of blast in transforma-
tion, and those with post-MDS AML who used oral 
vitamin K (MK-4) without other medications, demon-
strated 44 percent (4/9) hematological improvement. 
MK-4 dosage ranged from 20-135 mg/day orally or 10-
50 mg/day intravenously, with 83 percent receiving an 
oral dose of 45 mg/day.74

A Japanese trial enlisted 121 patients with he-
patocellular carcinoma undergoing conventional ther-
apy consisting of percutaneous tumor ablation and/or 
transcatheter arterial embolization. Patients were given 
45 mg/day oral vitamin K2, which resulted in a signifi-
cant improvement in survival. Portal vein invasion af-
ter 12 months was two percent in the treatment group 
compared to 23 percent in the control group. At two 
years, 23 percent in the treatment group, compared to 
47 percent in the control group, were found to have in-
vasion into the portal vein.75

Drug-Nutrient Interactions
Nutrient Interactions 

Animal studies have demonstrated high-dose 
vitamin A can interfere with vitamin K absorption, al-
though it is not known if this would affect humans in 
the same manner.76,77

Vitamin E at doses greater than 800 IU may 
antagonize the effects of vitamin K, potentially increas-
ing the risk of bleeding in individuals on anticoagula-
tion medication or with low vitamin K intake.77,78 One 
study in adults with normal coagulation status found 
supplementation with 1,000 IU vitamin E for 12 weeks 
decreased gamma-carboxylation of prothrombin, a vita-
min K-dependent protein.79

Drug Interactions
High dietary or supplemental vitamin K intake 

may inhibit the anticoagulant effect of vitamin K an-
tagonists (e.g., warfarin). Generally, it is recommended 
that individuals on these medications limit vitamin K 
consumption to amounts typically found in the aver-
age diet (90-120 mcg).80 Pregnant women on warfarin, 
anticonvulsants, rifampin, or isoniazid place the new-
born at increased risk of vitamin K deficiency as these 
medications can interfere with fetal vitamin K synthe-
sis.37 Extended use of broad spectrum antibiotics may 
decrease vitamin K synthesis by intestinal bacteria. Use 
of cephalosporins and salicylates may adversely affect 
vitamin K recycling by inhibiting vitamin K epoxide re-
ductase. Furthermore, absorption of vitamin K may be 
decreased with the use of drugs such as cholestyramine, 
colestipol, orlistat, and substances such as mineral oil 
and the fat substitute, olestra.81

Side Effects and Toxicity
From a large number of clinical trials using 

dosages in excess of 40 mg/day, there were no reports of 
side effects associated with any type of hypercoagulable 
state.26,38,39,41 Both animal and clinical studies support 
the conclusion that vitamin K2 has no abnormal hemo-
static activity. In one study, vitamin K2 given to rats at 
a dose of 250 mg/kg body weight per day for 10 days 
resulted in no appreciable change in blood coagulation 
characteristics or platelet aggregation.40
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In a clinical study, 29 elderly, osteoporotic pa-
tients were given vitamin K2 (15 mg three times daily, 
30 minutes post-meals) for 12 weeks and monitored 
for any change in hemostatic balance. After 12 weeks of 
administration, all hemostatic markers remained within 
normal range.38 In another study, examining the effect 
of vitamins K2 (45 mg/day) and D3 (1 mcg/day) on 
BMD in postmenopausal women, hemostatic measures 
were also examined. Increases in both coagulation and 
fibrinolysis were noted, but remained within normal 
range and in balance, with no adverse reactions ob-
served.26

Dosage
There are no established recommended daily 

allowances (RDAs) for vitamin K2, although daily ad-
equate intake values have been formed for vitamin K1 
(Table 1).77

A typical therapeutic oral dosage for vitamin 
K2 for osteoporosis is 45 mg/day.26,42-45,50 One study, 
however, suggested a dosage as low as 1.5 mg/day may 
provide benefit in maintaining healthy bones in already 
healthy postmenopausal women.82 Therapeutic oral 
dosages in cancer based on clinical studies range from 
20-135 mg/day; however, the most common dosage 
used has been 45 mg/day.66,73-75

Warnings and Contraindications
It should be noted that the anticoagulant effect 

of warfarin (Coumadin), functioning by its interfer-
ence with the clotting effect of vitamin K, can be offset 
with as little as 1 mg of vitamin K.83 Therefore, use of 
vitamin K is contraindicated in individuals on antico-
agulant therapy.
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