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Abstract 

Vitamin K2 is found in fermented foods such as dairy products, natto (fermented soybeans) and some animal products. It has 
been shown that it can be beneficial in many diseases. Most of the data refer to the use of this vitamin in osteoporosis, for 
instance, low frequency of hip fractures in Japan is correlated with significant consumption of natto. Also, long-term 
supplementation of vitamin K2 decreased loss of bone mass in postmenopausal women. Vascular calcification can be 
prevented by high dietary intake of vitamin K2 and also patients undergoing dialysis may benefit from supplementation. 
Besides this conditions, vitamin K2 may be applicable in diabetes mellitus type 2, cancer (especially prostate and breast) or 
multiple sclerosis. The great advantage of this vitamin is its low toxicity and favourable pharmacokinetics. 
 
Rezumat 

Vitamina K2 se găsește în alimentele fermentate, cum sunt produsele lactate, natto (soia fermentată) și unele produse de 
origine animală, demonstrându-se efectul lor benefic în diferite patologii. Cele mai multe studii se referă la utilizarea acestei 
vitamine în cazurile de osteoporoză, de exemplu, frecvența scăzută a fracturilor de șold în Japonia este corelată cu consumul 
semnificativ de natto. De asemenea, suplimentarea dietei pe termen lung cu vitamina K2 diminuează pierderea de masă 
osoasă la femeile aflate în postmenopauză. Creșterea aportului de vitamină K2 din dietă poate preveni calcifierea vasculară și 
poate ameliora starea pacienților supuși dializei. Mai mult, vitamina K2 poate fi administrată în diabetul zaharat de tip 2, 
cancer mamar și de prostată sau scleroză multiplă. Marele avantaj al acestei vitamine este toxicitatea scăzută și 
caracteristicile farmacocinetice favorabile. 
 
Keywords: vitamin K2, MK-7, osteoporosis, dietary supplements 
 
Introduction 

Vitamin K is present in two major forms - vitamin 
K1 (VK1) (phylloquinone) and vitamin K2 (VK2) 
(menaquinone). Chemically, the vitamin K family 
comprises 2-methyl-1,4-naphthoquinone derivatives. 
Phylloquinone (PK) has a partially unsaturated side 
chain formed of one isopentenyl unit followed by 
three isopentyl units and menaquinones (MK) possess 
a fully unsaturated side chain. Vitamin K1 function 
in blood coagulation, bone and vascular metabolism 
is widely recognized [1], much less is known about 
the role of vitamin K2. 
VK2 has several subtypes, which differ in isoprenoid 
chain length. MKs have a varying number of isoprenoid 
residues in their side chains. The most important form 
of VK2 are MKs with four (MK-4) and seven (MK-
7) isoprenoid residues. They are synthesized by gut 
bacteria and are found in fermented foods such as 
dairy products, or natto (fermented soybeans) and also 
some animal products (e.g. liver, egg yolk, meat). 

Recent data suggest, that this are rather bacteria than 
food, which are responsible for VK2 concentration in 
blood [2], whereas vitamin D3 concentration depends 
mainly on food intake [3]. The richest food source of 
MK-4 is goose liver paste (369 µg/100 g) and of MK-7 
is the Japanese food, natto, which is produced by 
Bacillus subtilis, a bacterium that converts VK1 to 
MK-7. The average concentration of MK-7 in natto is 
around 1000 µg/100 g [4]. Schurgers and Vermeer 
investigated the pharmacokinetics of MK-7 after 
ingestion of 200 g of natto (3.1 µmol of MK-7): 
MK-7 from natto was absorbed extremely well and 
Cmax was around 75 nmol/L, followed by a rapid 
disappearance. MK-7 showed complex pharmaco-
kinetics, with slow disappearance during the second 
part of the concentration – time curve, while it remained 
detectable for at least 72 h [4]. 
Pharmacokinetics of MK-7 following a single intake 
from various formulations (oil-based capsules and 
powder-based tablets) was studied in four intervention 
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trials. Tablets showed a slower absorption of MK-7 
(time-to-peak) than capsules: 6 h as compared to 2 - 4 h, 
respectively. After the single-dose intake of MK-7 
within the dose range between 75 and 360 µg/day, 
linear 24 h dose-response relationship was found [5]. 
Toxicological studies in mice and rats indicate that 
MK-7 synthetic form is very safe: neither a single oral 
dose of 2000 mg/kg body weight (b.w.) nor 10 mg/kg 
b.w. for 90 days caused any toxic effects [6]. Earlier 
studies in human healthy volunteers demonstrated 
that MK-7 (single doses of up to 1320 µg of MK-7/ 
person) has no effect on the clotting cascade in healthy 
individuals. Also, no effects on coagulation were 
observed in a double-blinded, randomized, placebo-
controlled study in healthy prepubertal children 
following a daily intake of 45 µg of natto-derived 
MK-7 for 8 weeks [7]. 
VK2 is a cofactor for γ-glutamylcarboxylase, which 
γ-carboxylates certain glutamic acid residues in many 
VK–dependent proteins (VKDP). This reaction allows 
VKDPs to bind calcium. The VKDPs include a number 
of clotting factors involved in the coagulation cascade 
(Factors II, VII, IX, X), circulating anticoagulants 
(proteins C, S and Z) and proteins involved in bone 
and soft-tissue mineralization, like osteocalcin (OC) 
and matrix GLA protein (MGP). VK2 is required for 
the activity of coagulation and anticoagulation factors 
and is generally considered to be required for the 
function of MGP [8]. VK2 may also act as ligand of 
the nuclear, steroid, xenobiotic and pregnane X receptor 
(PXR). It has been discovered that VK2 mechanism 
of action is mediated by transcriptional regulation 
of SXR/PXR target genes receptor, which may be 
responsible for beneficial effects of VK2 especially 
in osteoporosis treatment [9]. 
VK2 is becoming increasingly important in the 
treatment of many disorders. Whereas to our best 
knowledge, it has not been approved as a sole 
treatment for any disease, scientific evidences 
suggest that it may be useful in many disorders. 
The aim of this article is to review the pleiotropic 
effects of VK2 on osteoporosis, vascular calcification 
and chronic kidney disease (CKD). Moreover, this 
article summarizes the present and possible future 
of VK2 use in such conditions as diabetes mellitus, 
multiple sclerosis and cancer. 
 
Function of VK2 in the pathogenesis and treatment 
of osteoporosis 

The connection between VK2 and osteoporosis comes 
from observational studies in postmenopausal women 
in Japan, where the incidence of hip fracture is lower 
than in European countries or the United States. Two 
populations of Japanese women (from Tokyo and 
Hiroshima regions) and a group of women from 
United Kingdom were compared. The highest MK-7 
concentration was registered in women from Tokyo 

(average 5.268 ng/mL), which was significantly higher 
than the concentration in the groups in Hiroshima 
(1.22 ng/mL) or the United Kingdom (0.37 ng/mL). 
MK-7 concentration correlated with the frequency 
of natto consumption. Hip fraction frequency was 
significantly lower in the Tokyo group in comparison 
with Hiroshima group [10]. A later study showed that 
habitual natto intake was also associated with reduced 
bone loss at the femoral neck level (-0.5 g/cm2 in natto 
group vs -1.6 g/cm2 in control group) and at the distal 
third of the radius (-0.3 g/cm2 in natto group vs -1.4 g/ 
cm2 in control group) in postmenopausal women after 
3 years of follow-up. Additionally, it was suggested 
that not only VK2 but also high concentration of 
isoflavones in natto may decrease BMD loss [11]. 
Emaus et al. published results of 1�year 
randomized double blind placebo�controlled study 
with 334 early menopausal healthy women. The 
patients received either MK�7 (360 µg/day) or 
placebo. The results of this trial yielded the 
following results: in the MK�7 group, serum 
undercarboxylated osteocalcin (ucOC) was 
significantly reduced and carboxylated osteocalcin (c�
OC) was significantly increased (from 13.5 to 19.1 
ng/mL, respectively). However, no statistical difference 
in bone loss rate between the groups was observed. 
Authors suggested that this was most probably caused 
by the relatively short (1 year) treatment with MK�7 
[12]. 3-year supplementation of low-dose VK2 MK-7 
(180 µg MK-7/day which is equivalent of around 20 g 
of natto) significantly decreased the age-related loss 
in bone mass among healthy postmenopausal women. 
Volunteers taking the MK-7 supplements showed a 
3-year preservation of lumbar spine bone mineral 
density (BMD), while the expected age related decline 
in BMD was observed in the placebo group. Both 
intervention groups experienced bone loss at the site 
of the femoral neck but MK-7 intake slowed down 
the progress of this process (difference became only 
significant after 3 years of supplementation). After 
adjusting for age and BMI, the beneficial effect of MK-
7 on BMC remained significant (p = 0.042), whereas 
the effect on BMD became borderline significant (p = 
0.070) [13]. 
The effect of MK-4 was also studied in postmenopausal 
women. The drug was administered at a dose of 45 mg/ 
day for 3 years. It was found that it helped to maintain 
the bone strength at the site of the femoral neck in 
postmenopausal women by improving bone mineral 
content (BMC) and femoral neck width (FNW). After 
adjusting for age and BMI, the beneficial effect of MK-
7 on BMC remained significant (p = 0.042), whereas 
the effect on BMD became borderline significant [14]. 
Jiang et al. compared the efficacy of MK-4 (45 mg/ 
day) to active metabolite of vitamin D - alfacalcidol 
(0.5 µg/day) in Chinese postmenopausal women during 
1�year study. Both treatments yielded similar results 
and it was therefore concluded, that MK�4 is an 
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effective and safe choice in the treatment of post-
menopausal osteoporosis in Chinese women [15]. 
Nowadays, bisphosphonates and vitamin D are the 
most used treatments of osteoporosis. The combination 
therapy with bisphosphonate minodronate (50 mg/day) 
and VK2 MK-4 (45 mg/day) was applied in elderly 
patients (mean age 71.6 years) for 12 months. This 
treatment showed additive effects in decreasing the 
levels of bone turnover markers and increased bone 
mineral density compared with minodronate mono-
therapy. The most effective was the combination which 
utilized additionally vitamin D analogue eldecalcitol 
(0.75 µg/day) [16]. The effectiveness of VK2 MK-4 (45 
mg/day) was also evaluated on osteoporosis in adults 
with cerebral palsy and high serum concentrations of 
ucOC. Positive effect on BMD was observed and it 
was concluded that VK2 might be useful as a first 
line treatment in this population [17]. Also, a meta-
analysis conducted by Huang et al. supports the 
hypothesis that VK2 plays a role in the maintenance 
and improvement of vertebral BMD and the prevention 
of fractures in postmenopausal women with osteo-
porosis. The results of this meta-analysis showed that 
VK2 was effective in maintaining the vertebral BMD 
and forearm BMD in postmenopausal women with 
osteoporosis, but it did not improve vertebral, hip and 
forearm BMD. There was also registered a significant 
decrease of ucOC and increase of OC, which suggests 
a positive effect for the bone metabolism [18]. MK-7 
efficacy was also evaluated in rheumatoid arthritis 
(RA). It was found that MK-7 at a dose of 100 µg/day 
(as an additive to standard treatment) significantly 
lowered serum levels of ucOC, C-reactive protein, 
erythrocyte sedimentation rate and matrix metallo-
proteinase which suggests that MK-7can improve 
conditions in RA patients [19]. 
 
VK2 and vascular calcification 

Vascular calcification is associated with many diseases. 
Patients suffering from familial hypocholesteraemia, 
renal disease and diabetes are especially vulnerable to 
vascular calcification [8]. Common molecular and 
cellular mechanisms of bone metabolism and vascular 
biology, which relate to the osteoporosis and arterial 
calcification syndrome, were identified. One of the 
key proteins responsible for this process is MGP, which 
is a VK-dependent inhibitor of calcification [20]. VK 
carboxylates MGP and causes its activation. Because 
MGP is a peripheral protein, VK2 (the most prevalent 
form of VK in non-hepatic tissue) is the vitamin mostly 
available to carboxylate MGP [8]. 
A study conducted among 564 postmenopausal healthy 
women showed that high dietary intake of VK2 is 
associated with reduced coronary calcification. 
Interestingly, PK intake was not associated with 
coronary calcification [21]. Similar studies were 
conducted among patients with peripheral arterial 

disease (PAD). MKs intake was associated with a 
reduced risk of this disease especially in patients with 
hypertension. Contrary, high PK intake does not seem 
to be associated with reduced PAD risk [22]. MK-7 
supplementation (360 µg once daily) proved to be also 
effective in the improvement of arterial stiffness among 
patients who received renal transplant. Subclinical VK 
deficiency (measured by desphospho-uncarboxylated 
matrix Gla protein (dp-ucMGP) which is a biomarker 
of VK status), was prevalent at baseline in 32 patients 
(53.3%) but decreased to 13.3% after 8 weeks of 
supplementation [23]. Recently, it has been observed 
that patients with small intestinal bacterial overgrowth 
had a higher concentration of dp-ucMGP which 
indicates a low level of VK2. This phenomenon 
correlated directly with pulse-wave velocity, which 
suggests arterial stiffening [2]. 
Aortic calcification occurs often during the treatment 
with anticoagulant drugs such as warfarin, which 
specifically blocks VK-epoxide reductase, causing 
depletion of the available VK stores and synthesis of 
noncarboxylated, inactive Gla proteins. It has been 
proven that diets containing high concentration of 
VK1 or VK2 (MK4) can reverse aortic calcification 
induced by warfarin administration in rats [24]. 
The protective effect of dietary MKs intake against 
coronary heart disease (CHD) in older men and women 
was also described in The Rotterdam Study. MK intake 
(evaluated by food questionnaire) showed no significant 
association with moderate calcification but in a case of 
severe calcification a strong inverse relationship was 
observed [25]. Also another big study (Prospect-
EPIC), which included over 16.000 postmenopausal 
women, indicated that a higher dietary intake of VK2 
was significantly associated with a lower incidence 
of CHD [26]. 
Currently, there is a new clinical trial starting, which 
will examine the effect of MK-7 supplementation (720 
µg/day) on progression of aortic valve calcification. 
Authors hypothesize that this supplementation will 
slow down the calcification process [27]. 
 
VK2 effects in chronic kidney disease 

Patients with CKD (stages G3-G5) are at particular 
risk of VK deficiency. A direct connection of this 
deficiency with impaired protein function responsible 
for calcium metabolism in the body is suggested by 
many research studies [20, 24]. In the case of VK2 
deficiency, the activation of the MGP protein is 
impaired; resulting in the accumulation of calcium 
ions in the cells and this promotes calcification of the 
vascular endothelium [28]. Research on rat models 
suggests that CKD may alter tissue levels of VK1 
(lower levels were detected in the liver and heart) and 
VK2 MK-4 (higher levels of MK-4 were detected 
in the kidneys) [29]. Reports on the effectiveness of 
VK2 supplementation in the group of patients with 
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CKD are contradictory. Some of the works suggest 
that it reduces the process of atherosclerosis in 
blood vessels, but does not affect the progression of 
calcification. On the other hand, VK2 supplementation 
significantly reduces the concentration of calcification 
modulators, i.e. dp-ucMGP, OC and osteoprotegerin 
[30]. Another study investigating the relationship 
between VK supplementation (described collectively 
as K1 and K2) and the concentration of proteins 
modulating the calcification process does not confirm 
this relationship. An important limitation, indicated by 
the authors, was the lack of a proper method to assess 
the concentration and amount of VK2 ingested by 
each meal in the examined groups of patients [31]. 
A recent study suggests that circulating dp-ucMGP 
is associated with kidney dysfunction and arterial 
stiffness which may support the hypothesis about 
the usefulness of VK2 in patients receiving dialysis 
treatment [32]. It has been proven that daily 
supplementation of haemodialysis patients with 360 
µg of MK-7 for 28 days, decreased the dp-ucMGP 
concentration by 86% after 4 weeks [33]. 
VK antagonists, such as warfarin, may lead to many 
adverse effects such as vascular calcification, bone 
fractures and calciphylaxis among patients with CKD 
[34]. Currently, a clinical trial is being conducted which 
investigates the effect of VK2 MK-7 supplementation 
(2000 µg/3 times per week) on progression of vascular 
calcification among CKD patients on chronic haemo-
dialysis with non-valvular atrial fibrillation who are 
treated with VK antagonists [35]. 
 
VK2 and cancer 

Prostate cancer (PC) is one of the most common 
malignancies in men and the second leading cause 
of cancer mortality in the United States. In the study 
conducted by Nimptsch et al. a significant inverse 
association between advanced prostate cancer and 
VK2 consumption was observed. MKs from dairy 
products exhibited a stronger inverse association with 
advanced prostate cancer incidence than MKs from 
meat products. Authors concluded that MKs play rather 
a role in tumour promotion and progression than in 
tumour initiation [36]. These results are supported by 
a recent study which proved that VK2 displays anti-
cancer properties in castration-resistant prostate cancer 
cell line. It was shown, that VK2 suppresses colony 
formation, inhibits 3D spheroid growth, suppresses 
cell migration, induces cellular senescence, apoptosis, 
production of reactive oxygen species and causes cell 
cycle arrest [37]. 
Anti-tumour effects were also proven for MK-4 
against breast cancer cells. The proposed mechanisms 
for the anticancer activity of VK2 include induction 
of both caspase-dependent and independent apoptosis, 
generation of reactive oxygen species, cell cycle arrest 
and differentiation [38]. MK-4 chemo-preventive 

efficacy in patients with hepatocellular carcinoma 
(HCC) after curative hepatic resection or local ablation 
was evaluated by Zhong et al. A meta-analysis of six 
randomized clinical trials and one cohort study (all from 
Japan) proved that MK-4 may reduce the recurrence 
rate after 1 year and improve the overall survival [39]. 
 
VK2 and multiple sclerosis 

Multiple sclerosis (MS) is one of the most common 
disabling neurological disorders in young and middle-
aged adults. The aetiology of this disease is connected 
with inflammation and VK2 may probably modulate 
this process. Lasemi et al. determined (by means of 
ELISA) VK2 serum concentration and found that it 
was three-fold higher in healthy controls as compared 
to MS patients. The increasing number of attacks per 
year and also blurred vision were associated with 
reduced VK2 serum levels [40]. Earlier, Moriya et 
al. showed that VK2 MK-4 attenuates the clinical 
severity of experimental autoimmune encephalo-
myelitis (animal model of MS) in a prophylactic 
manner. VK2 reduced the infiltration of inflammatory 
cells into the spinal cord, expression of MHC class 
II and inhibition of iNOS in glial cells [41]. 
 
VK2 and diabetes mellitus 

VK2 may be also effective in managing diabetes 
mellitus type 2. Dietary PK and MK intake was 
analysed by using a food-frequency questionnaire by 
Beulens et al. Results suggest that VK2 intake tended 
to be moderately inversely associated with the risk of 
diabetes [42]. VK2 MK-4 supplementation (30 mg 
t.i.d.; 4 weeks) among healthy young men (n = 42) 
was also found to be associated with increased insulin 
sensitivity index and disposition index. Treatment 
with VK2 decreased ucOC and increased cOC which 
suggests a beneficial role of VK2 in increasing insulin 
sensitivity via the carboxylation of osteocalcin [43]. 
Other possible mechanisms responsible for antidiabetic 
function of VK2 are connected with adinopectin, 
whose level was found to be decreased in obese 
patients [44]. It has been also demonstrated that 
VK2 suppresses inflammatory responses via the 
inactivation of the NF-kappaB signalling pathway and 
this may be also responsible for the improvement of 
insulin resistance [45]. 
 
Conclusions 

Numerous studies have demonstrated the importance 
of VK2 in many functions in organism. MK-4 and 
MK-7 can improve bone status by increasing bone 
mass and reducing bone loss. The combination of MKs 
and vitamin D3 or its analogues sustain lumbar BMD 
and prevent osteoporotic vertebral fractures in post-
menopausal women with osteoporosis. VK2 prevents 
also vascular calcification and can be used in patients 
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suffering from vascular calcification or undergoing 
chronic haemodialysis. Besides this relatively well 
proven indications, VK2 can be useful in diabetes 
mellitus type 2, cancer (especially prostate and breast) 
or multiple sclerosis. Another advantage of VK2 is a 
very low toxicity which makes it a promising drug in 
many diseases. Ongoing clinical trials should give the 
final answer about the efficacy of VK2 in the treatment 
of various diseases. 
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