
Vitamin K2 
Benefits for heart 
and bone health

 INTRODUCTION AND SCIENTIFIC ABSTRACT

WWW.TRYDNAHEALTH.COM

VITAMIN K2 IS THE MOST BIOLOGICALLY ACTIVE FORM OF VITAMIN K. 
IT IS ALSO THE MOST BENEFICIAL FOR BONE HEALTH MAXIMIZATION. 
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INTRODUCTION

Vitamin K2 directs 
calcium to the bones

Vitamin K2 the forgotten Vitamin  
Vitamin K2 is an essential fat-soluble vitamin vital 
for optimal bone and cardiovascular health. It 
regulates the transport and distribution of calcium 
in the body. K2 variant MK-7 surpasses other K2 
forms due to its superior bioavailability, longer 
half-life, and lower dosage requirement. Vitamin 
K2 has a long history that spans centuries and 
continents, but it remained ‘the forgotten vitamin’ 
for a long time. Thanks to several scientific stud-
ies on vitamin K2 spanning almost two decades, 
K2 was reborn with a new vigor. These studies 
demonstrate the effects of K2 supplementation 
on bone and cardiovascular health. The efficacy 
of vitamin K2 was studied in multiple population 
segments including women and children. Apart 
from these scientific milestones, perfecting of 
organic synthesis of all-trans vitamin K2 MK-7 
(similar in biological activity and function to 
fermentation-derived K2) and microencapsula-
tion of K2 MK-7 (which made MK-7 stable in for-
mulation) enabled K2 to enter the mainstream. 

Vitamin K2 puts calcium into balance 
Calcium is the key link connecting vitamin K2 to 
bone and cardiovascular health. Vitamin K2 directs 
calcium to the bones instead of the arteries. 
K2’s mechanism of action involves activation 
(by carboxylation) of two key proteins – oste-
ocalcin and matrix Gla-protein (MGP).  Osteo-
calcin plays a role in the integration of calcium 
into the bone matrix whereas K2-activated MGP 
binds free-floating calcium and prevents calcium 
deposition in arteries. Fermented food products 
like the soy-based Japanese dish natto, are the 
major sources of dietary K2. 

Studies have established a link between a 
K2-rich diet and improved bone-mineral densi-
ty. Western diets, on the other hand, are deficient 
in vitamin K2. Hence, nutritional supplementation 
is the only way to overcome dietary K2 deficien-
cies. K2 MK-7 together with calcium and vita-
min D3 is an optimal combination for bone 
health. Similar formulations for heart health 
containing K2 and other heart-protecting ingre-
dients can provide a superior health benefit.
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THE DIFFERENT VITAMINS IN THE K FAMILY 

Vitamin K2 for bone 
and heart health

Vitamin K1 
Vitamin K1 or phylloquinone accounts for around 
90% of the total dietary vitamin K intake. Green 
leafy vegetables such as green salads, broccoli, 
kale, and spinach are the major sources of K1. 
Although the intake of vitamin K in the general 
population is between 70-250 µg/day, less than 
20% of vitamin K1 from dietary sources is absorbed 
by the body (poor bioavailability). The major 
function of K1 is to aid blood coagulation by acti-
va ting blood-clotting proteins.

Vitamin K2 
Vitamin K2 or menaquinones comprise a group 
of structurally similar molecules which differ in 
their chain length and biological activity. Their 
side chains can vary from 4-14 isoprenoid units 
(designated as MK-n, n being the number of 
side chains.) MK-4 and MK-7 are the most impor-
tant menaquinones. MK-4 can be obtained from 
meat, dairy, and eggs whereas MK-7 is mainly 
found in fermented foods such as cheese, yogurt, 
and natto (a fermented Japanese soybean prod-
uct.) Vitamin K2 is essential for optimal bone and 
heart health. 

Vitamin K2 MK-7 is superior to MK-4 regarding 
biological activity and half-life in the body. MK-7 
has a half-life of about 72 hours whereas it is 
only about 1.5 hours for MK-4. Therefore, MK-7 
remains biologically active in the body longer 
and allows for a better bodily distribution and 
activation of extra-hepatic K2-dependent pro-
teins such as osteocalcin and matrix gla-protein 
(MGP). These differences arise from the differ-
ences in the distribution and breakdown of the 
two MK forms. MK-4 is mainly transported in the 
blood via triglyceride-rich lipoproteins whereas 
low-density lipo proteins transport MK-7. MK-7 
reaches bones and vessel walls easier than MK-4. 
The daily requirement of MK-7 is much lower 

compared to MK-4 (around 90-120 µg/day for 
MK-7 and 45,000 µg three times a day for MK-4.)

Vitamin K2 MK-7 exists in two isomeric forms – 
cis and trans. The trans isomer is the naturally- 
occurring and the most bioactive form of MK-7.  
All-trans MK-7 is linear in structure due to an 
extended system of isoprenoid units whereas the 
cis isomers are non-linear. Hence, the cis MK-7 
does not fit well into subcellular structures, leav-
ing K2-dependent enzymes and proteins inacti-
vated. Fermentation-derived vitamin K2 MK-7 
can produce a mixture of trans and cis isomers 
along with other compounds. Trans MK-7 must 
be purified to obtain the bioactive substance. 
Synthetic K2 MK-7, on the other hand, bypasses 
these issues as the final product obtained is all-
trans K2 MK-7 with no contamination from cis 
isomers or other compounds. 

K2 Deficiency 
Western diets are currently deficient in vitamin K2 
as the daily dietary intake of K2 has reduced over 
the past hundred years. In the previous century, 
it was common to eat vitamin K2-rich foods like 
cured fish and aged cheese. The exact knowledge 
of K2 MK-7 intake levels in different countries is 
lacking. Inactive proteins – osteocalcin and matrix 
Gla-protein (MGP) – are the biomarkers of vitamin 
K2 deficiency. Osteocalcin incorporates calcium 
into bone whereas MGP binds excess calcium in 
the blood to prevent its deposition in arteries. 
Both proteins are dependent on vitamin K2 as 
both need to be activated by K2 in a carboxyl-
ation process to function properly. The ratios of 
carboxylated and uncarboxylated osteocalcin and 
MGP in the blood are, therefore, important bio-
markers of vitamin K2 status in the human body. 
Multiple scientific studies over the past two dec-
ades have shown that in western populations, a 
high percentage of osteocalcin and MGP remain 
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in the inactive (uncarboxylated) form as demon-
strated by blood samples from healthy subjects. 

Supplementation can overcome the K2 deficien-
cy. K2 supplementation increases the amount of 
activated osteocalcin and MGP. For example, a 
study with healthy volunteers demonstrated that 
before supplementation with vitamin K2, levels 
of inactive osteocalcin were high, whereas after-
ward they were low and most of the osteocalcin 
was activated. To achieve sufficient osteocalcin 
activation, research indicates that 90-120 µg of 

vitamin K2 as a daily dose is sufficient. Popula-
tions that reach the recommended daily dose, 
such as Japanese people consuming natto, were 
shown to have lower rates of bone and heart dis-
ease. Other epidemiological studies in Japan also 
strengthen the notion that MK-7 promotes bone 
health. Studies have also recognized the bene-
ficial effects of vitamin K2 supplementation in 
reducing levels of inactive osteocalcin and MGP, 
and thereby im proving bone and cardiovascular 
health. 
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CALCIUM CONSTRUCT

Bone
Calcium is the building block of bones. Vitamins D3 and K2 regulate calcium utilization in the body. 
Vitamin D3 promotes intestinal uptake and transport of calcium ensuring sufficient blood calcium 
levels for normal mineralization of collagen matrix in the skeleton. Vitamin K2 activates osteocalcin, 
a protein which helps incorporate calcium into the bone matrix. Hence, optimal levels of calcium 
and vitamins D3 and K2 must be maintained throughout our lives, particularly during childhood and 
puberty, when most of the bone mass is made, and during the later years when the risk of fracture is 
more.

Several studies demonstrate the link between vitamin K2 and bone health in adults and children. 
Children need high levels of vitamin K2 to support their rapid growth. However, studies show that 
vitamin K2 levels in children and adolescents are low and that the inactive form of osteocalcin (ucOC, 
undercarboxylated osteocalcin) is more abundant than the active form (cOC, carboxylated osteoc-
alcin) when compared to other age groups. Vitamin K2 MK-7 supplementation elevates activated 
osteocalcin levels in children. 

Osteoporosis, a condition characterized by brittle bones with low mineral density, is rampant among 
the aging population. Clinical studies involving postmenopausal women revealed that they benefited 
from a daily low dose of MK-7 for three years with a resulting reduced age-related decline in bone 
mineral density. Also, women diagnosed with osteopenia improved their bone microstructure with 
MK-7 supplementation. 

Dietary intake of vitamin K is sufficient to cover our body’s needs to activate blood clotting factors. 
Contrary to blood clotting factors, studies show that most people do not consume the required 
amount for sufficient activation of proteins involved in calcium transport (recommended daily intake 
levels of up to 120 µg vitamin K depending on age and gender.) Studies also demonstrate that this 
deficiency can be compensated by vitamin K2 supplementation to make up dietary shortcomings and 
thereby increase the activation of K2-dependent proteins required for optimal bone health.
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CALCIUM CONSTRUCT

Heart
Excess calcium in the body can have detrimen-
tal effects on health. It can accumulate in blood 
vessels and other soft tissues. Hence, proper 
calcium utilization by the body is not only rele-
vant for bone health but also for cardiovascular 
health. Vitamin K2 mediates calcium distribution 
and utili zation in the body. K2 activates matrix 
gla-protein (MGP) by carboxylation to become 
cMGP which binds free-floating calcium, pre-
venting it from being deposited in arteries.  Low 
blood K2 levels result in higher levels of inac-
tive MGP (dp-ucMGP, a de-phosphorylated and 
undercarboxylated form), which is incapable 
of binding to calcium. This may lead to arterial 

calcification, a condition resulting from calcium 
build-up within the vascular smooth muscle cells 
in tunica media (the middle layer of an artery), 
reducing the elasticity of the vessel and increas-
ing the risk of cardiovascular events. 

Scientific and clinical studies investigating the 
effect of vitamin K2 MK-7 on cardiovascular 
health demonstrate a significant reduction in 
arterial stiffness and slower progression of 
calcification. High blood levels of non-activated 
MGP (dp-ucMGP) correlates with low vitamin K 
status and vascular calcification. Higher levels of 
non-activated MGP have been observed in peo-
ple aged 65 and older, people at specific risk 
for vascular calcification, including those with 
rheumatoid arthritis, aortic valve disease, aortic 
stenosis, heart failure, chronic kidney disease 
(CKD), and patients taking vitamin K antagonists. 
Furthermore, there is an inverse relationship 
between non-activated MGP and cardiovascular 
patient survival.  In a study of 577 older individ-
uals, non-activated MGP was associated with 
increased risk of cardiovascular disease, inde-
pendent of other risk factors and vitamin D sta-
tus. This effect was attributed to low vitamin K 
status. 

Vitamin K2 supplementation can mitigate these 
effects by reducing non-activated MGP levels in 
healthy adults. In a double-blinded, randomized, 
placebo-controlled clinical trial, arterial stiffness 
was investigated in 244 healthy postmenopausal 
women over a period of 3 years, supplemented 
with either 180 µg of MK-7 or a placebo. Among 
the participants with an elevated arterial stiffness 
at baseline, the stiffness index was significantly 
improved compared to the placebo group. A 
beneficial effect of MGP activation was also seen 
among the participants taking MK-7 which expe-
rienced a 50% decrease in circulating dp-ucMGP 
compared to the placebo group. Vitamin K2 
doses from 90 µg and higher improve the car-
boxylation (thereby activation) of MGP in healthy 
adults. 
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CALCIUM CONSTRUCT

 Pregnancy 

Pregnancy is a time when the body’s demand 
for calcium is very high. Pregnant women not 
only undergo substantial skeletal remodeling 
in preparation for giving birth but also need to 
account for the fetus’s high demand for calcium 
for skeletal formation. In extreme cases, this 
can result in pregnancy-associated osteoporo-
sis, a condition characterized by severe pain in 
expectant mothers caused by vertebral fractures. 
As vitamins K2 and D3 are the vital ingredients 
that regulate calcium distribution and utilization 
in the body, K2 supplementation can improve 
bone health during pregnancy and reduce the 
risk of bone-related pain. Apart from mothers’ 
health, K2 supplementation may also ensure 
bone health of infants, even after birth. Skeletal 
development before birth may set the tone for 
future bone health. 

Studies involving expectant mothers demon-
strate the benefits of vitamin K2 supplemen-
tation during pregnancy. Vitamin K2 is poorly 
transported from a mother to unborn child. 
This can be remedied through K2 supplemen-
tation. In a Japanese study, women given 20 mg 
of vitamin K2 about a week before they gave 
birth had more K2 in their blood compared to 
the control group (women who were not given 
K2). Notably, K2 levels were also elevated in 
umbilical cord blood, indicating the increased 
transfer of K2 to the child. As a result, none of 

the children born to K2-treated mothers showed 
signs of vitamin K deficiency at birth, compared 
to 90% of the children whose mothers were not 
given vitamin K. Interestingly, levels of vitamin 
K2 in breast milk on the fifth day after birth were 
significantly higher in women who were given K2 
before they gave birth. 

The levels of vitamin K in breast milk are typ-
ically very low at less than 1 ng/ml. A study 
showed that infants fed only breast milk during 
the first six months of life had inadequate vita-
min K intake (less than 1 µg/kg/day). The moth-
ers of the infants were getting enough vitamin 
K (more than 1 µg/kg/day), so the problem 
seems to be an inadequate transfer of vitamin K 
from the mother’s body to her milk. Infants fed 
a typical supplemented formula were getting 
approximately 100 times more vitamin K than 
the breastfed infants, and their circulating vita-
min K levels were approximately 20 times higher. 
Similarly, lactating mothers can also increase the 
levels of vitamin K2 in their breast milk by taking 
K2. A study showed increased levels of vitamin 
K in the breast milk of new mothers who took 
5 mg/day of vitamin K1. Additionally, vitamin K 
levels were also elevated in the blood of their 
breastfed children. However, it remains unclear 
whether K2 delivery via breast milk is adequate, 
so additional supplementation for infants might 
be required. 



Vitamin K2
Scientific and Clinical Studies

 INTRODUCTION AND SCIENTIFIC ABSTRACT

SEVERAL STUDIES DEMONSTRATE THE LINK BETWEEN VITAMIN K2 
AND BONE HEALTH IN ADULTS AND CHILDREN. 

STUDIES WITH VITAMIN K2 MK-7 ON CARDIOVASCULAR HEALTH. 
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STUDIES

REFERENCE A
Schwalfenberg, G.K., Vitamins K1 and K2: 

The Emerging Group of Vitamins 
Required for Human Health. 

Objective:
The objective of this literature review was to 
evaluate the evidence for the use of vitamin K 
supplementation in osteoporosis, vascular cal-
cification, arthritis, cancer, renal caluci (kidney 
stones), diabetes, and warfarin therapy..

Main Evaluation:
Vitamin Ks exist in several types where the most 
common versions are Vitamin K1 and Vitamin K2 
as MK-4 and MK-7. An overview of function and 
sources are shown in figure 1. A more detailed 
overview of food sources is found in figure 2.  
The authors findings: “Vitamin K2 may be a 
useful adjunct for the treatment of osteoporo-
sis, along with vitamin D and calcium, rivaling 
bisphosphonate therapy without toxicity. It may 
also significantly reduce morbidity and mortali-
ty in cardiovascular health by reducing vascular 
calcification. Vitamin K2 appears promising in 
the areas of diabetes, cancer, and osteoarthritis. 
Vitamin K use in warfarin therapy is safe and may 
improve INR control, although a dosage adjust-
ment is required.”

Results: 
Vitamin K supplementation may be useful for 
several chronic conditions with a growing preva-
lence in an ageing population.
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STUDIES

REFERENCE B
Fujita, Y., et al., Association between vitamin K intake from 

fermented soybeans, natto, and bone mineral density 
in elderly Japanese men: the Fujiwara-kyo Osteoporosis Risk in 

Men (FORMEN) study

Objective:
The primary objective was to investigate a possi-
ble association between intake of MK-7 as natto 
and bone mineral density (BMD). The second-
ary objective was to examine any association 
between uncarboxylated osteocalcin levels and 
BMD and to evaluate the role of vitamin K in that 
association.

Method: 
A cross-sectional clinical trial of 1,662 senior 
men (≥65 years) in Japan. The trial included 
2,174 volunteers; 2,012 of them were included 
in all study items. 350 volunteers were excluded 
due to missing information on food intake and/
or their medical history. BMD was measured by 
dual-energy X-ray absorptiometry (DXA scan) at 
the lumbar spine (L2–4) and the right hip. Blood 
samples were taken for detection of undercar-
boxylated osteocalcin levels (ucOC) as a bio-
marker of vitamin K intake and total osteocalcin 
(OC) as a marker of bone formation by immu-
noassays. Natto consumption was measured by 
counting the number of natto packs consumed 
over a 1-week period (1 pack contains about 20 
µg of vitamin K1 and about 380 µg of vitamin 
K2).

Results: 
Volunteers who consumed higher amounts of 
natto/MK-7 had significantly lower levels of 
inactive/uncarboxylated osteocalcin. Also, vol-
unteers who took natto/MK-7 several times per 
week had a higher BMD (total hip and femoral 
neck) compared to those who consumed natto 
less frequently. The study also found a significant 
association between low levels of uncarboxy-
lated osteocalcin and increased BMD (lumbar 
spine and total hip).
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STUDIES

REFERENCE C
Knapen, M.H., et al., Three-year low-dose menaquinone-7 

supplementation helps decrease bone loss in healthy 
postmenopausal women

Objective:
Vitamin K is recognized for its role in maintaining 
bone health. The objective of this study was to 
investigate potential beneficial effects of long-
term, low-dose vitamin K2 MK-7 supplementa-
tion on bone health.

Method: 
A double-blind, randomized, placebo-con-
trolled trial in healthy postmenopausal women 
who received either MK-7 (180 µg per day) or 
placebo over a period of three years. A total of 
244 participants were included, and 223 com-
pleted the 3-year supplementation period. Bone 
mineral content (BMC) and bone mineral density 
(BMD) of the femoral neck, total hip, and lumbar 
spine (L1–L4) were measured at baseline and 
followed up on a yearly basis for three years by 
dual-energy X-ray absorptiometry (DXA scan). 
Circulating biomarkers – serum levels of carbox-
ylated and uncarboxylated osteocalcin (cOC and 
ucOC) – were detected by immunoassays. 

Results: 
Long-term supplementation of MK-7 significant-
ly decreased age-related BMD and BMC decline 
at the lumbar spine and femoral neck. It also 
reduced the loss of vertebral height of the lower 
thoracic region at the mid-site of the vertebrae. 
MK-7 intake also significantly increased serum 
levels of active/carboxylated osteocalcin and 
lowered the levels of inactive/uncarboxylated 
osteocalcin. These findings suggest that long-
term vitamin K2 MK-7 supplementation at the 
right dose may help prevent age-related bone 
loss in postmenopausal women.
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STUDIES

REFERENCE D
Kaneki, M., et al., Japanese fermented soybean food 

as the major determinant of the large geographic difference 
in circulating levels of vitamin K2: possible implications 

for hip-fracture risk

Objective:
The objective was to investigate the determi-
nants of differences in the circulating levels of 
vitamin K2 among subjects living in different 
geographic regions and to explore potential 
implications for the risk of hip fracture.

Method: 
The trial consisted of three groups of postmeno-
pausal women living in Tokyo (n=49), Hiroshima 
(n=25) and London (n=31). Serum levels of MK-7 
were determined by blood samples and analyz-
ed by chromatography. The relative incidence of 
fracture was determined by the ratio between 
the reported and expected number of hip frac-
tures among the 45 prefectures throughout 
Japan. For the correlation, the annual household 
expenditure for MK-7/natto (Japanese govern-
ment figures) was used. Natto-loading test 
was performed in 8 postmenopausal women in 
Tokyo (who abstained from natto consumption 
2-weeks before and after the test). Blood sam-
ples were taken to analyze MK-7 levels before 
and after natto consumption and were contin-
ued at regular intervals for up to 2-weeks.  

Results: 
There were large variations in the levels of cir-
culating MK-7 levels based on geography, with 
the highest circulating MK-7 levels in those 
areas of Japan (in Tokyo) where consumption of 
natto was highest. British women had the lowest 
levels among those tested. Natto intake is one 
of the major contributors to the higher serum 
MK-7 concentration as demonstrated by the 
natto-loading test. MK-7 levels were elevated 
after natto ingestion and were decreased after 
a 2-week deprivation. Areas that spend less on 
MK-7/natto had the highest incidence of frac-
tures (significant correlation, p<0.05).
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STUDIES

REFERENCE E
Geleijnse, J.M., et al., Dietary intake of menaquinone is 

associated with a reduced risk of coronary heart disease: 
the Rotterdam Study 

Objective:
Vitamin K-activated matrix Gla-protein (MGP) 
prevents soft tissue and vascular calcification. 
The objective of this study was to investigate if 
intake of vitamin K1 or K2 was related to aortic 
calcification and coronary heart disease. 

Method: 
A population-based study of 4,807 participants 
with no history of myocardial infarction followed 
for 7.2 ± 1.9 years (mean ± SD). Participants were 
monitored for incidents of coronary heart disease 
(CHD), all-cause mortality, and aortic atheroscle-
rosis and their correlation to vitamin K intake. 
Aortic calcification was diagnosed by detecting 
calcified deposits in the abdominal aorta parallel 
and anterior to the lumbar spine (L1–L4) and was 
graded as “absent or mild” (≤1 cm calcification), 
“moderate” (>1 and <5 cm), or “severe” (≥5 
cm) calcification. Vitamin K intake was calculat-
ed using participant-provided dietary intake data 
for the period of the study. The risk of coronary 
events and all-cause mortality was determined by 
statistical analysis (using a Cox regression model).  

Results: 
A strong inverse relationship was observed 
between vitamin K2 intake and severe arteri-
al calcification. Further, there were significant 
inverse correlations between K2 intake and 
incidents of CHD, CHD mortality, and all-cause 
mortality. On the other hand, there were no con-
sistent correlations between vitamin K1 intake 
and CHD, mortality, or aortic calcification.

  Incidence of CHD           CHD mortality           Severe calcification   All cause mortality

Dietary vitamin K2 intake (µg/day)

The Rotterdam study showing the benefits of vitamin K2 on cardiovascular health
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STUDIES

REFERENCE F
Knapen, M.H., et al., Menaquinone-7 supplementation 

improves arterial stiffness in healthy postmenopausal women. 
A double-blind randomised clinical trial

Objective:
Vitamin K2 intake is linked to cardiovascular 
health. The objective was to investigate the 
long-term effects of MK-7 supplementation on 
activation of matrix Gla-protein and its effects 
on arterial stiffness in postmenopausal women.

Method: 
A double-blind, placebo-controlled clinical 
trial consisting of 244 healthy postmenopausal 
women. Participants received either MK-7 (180 
µg per day) or placebo for 3 years; 223 partic-
ipants completed the trial. Circulating markers 
– desphospho-uncarboxylated matrix Gla-pro-
tein (dp-ucMGP) and acute phase markers like 
Interleukin-6 (IL-6), high-sensitive C-reactive 
protein (hsCRP), tumor necrosis factor-α (TNF-α) 
and markers for endothelial dysfunction Vascular 
Cell Adhesion Molecule (VCAM), E-selectin, and 
Advanced Glycation Endproducts (AGEs) – were 
measured by immunoassays. Local arterial stiff-
ness was assessed by echotracking to determine 
vascular characteristics of the carotid artery. 
Pulse wave velocity assessed regional arterial 
stiffness. 

Results: 
Three-year MK-7 supplementation improved 
arterial stiffness in healthy postmenopausal 
women. Supplementation of MK-7 decreased 
the levels of uncarboxylated MGP at the 1-year 
measurement and persisted throughout the 
3-year study period, but did not influence the 
markers for acute phase and endothelial dys-
function. For participants with elevated arteri-
al stiffness at baseline, there was a significant 
reduction in arterial stiffness. 
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STUDIES

REFERENCE G
Kurnatowska, I., et al., Effect of vitamin K2 on progression 
of atherosclerosis and vascular calcification in nondialyzed 

patients with chronic kidney disease stages 

Objective:
Atherosclerosis and vascular calcification are 
common in patients with chronic kidney disease 
(CKD). This study assessed the effect of vitamin 
K2 MK-7 on the progression of atherosclerosis 
and calcification in non-dialyzed patients with 
stage 3–5 CKD.

Method: 
A double-blind, placebo-controlled trial of 
42 non-dialyzed patients suffering from CKD.  
Patients received either a combination of MK-7 
(90 µg) and vitamin D (10 µg), or vitamin D (10 
µg) alone, for 9 months. Immunoassays were 
performed to measure total levels of calcifica-
tion modulators – matrix Gla protein (MGP), 
desphosphorylated-uncarboxylated MGP 
(dp-ucMGP), osteoprotegerin (OPG), fetuin A, 
osteocalcin (OC), and fibroblast growth factor 
23 – before and after study intervention. Ultra-
sonography determined the progression of 
atherosclerosis as reflected in common carotid 
intima-media thickness (CCA-IMT) and a multi-
scan CT assessed coronary artery calcification 
score (CACS) level. 

Results: 
The study reported a significant increase of 
total MGP and a decrease of dp-ucMGP for the 
combined (vitamins K + D) treatment group. 
The increase of CCA-IMT (∆CCA-IMT) was sig-
nificantly lower in the vitamins K+D treatment 
group compared to the vitamin D group. The 
increase in CACS (∆CACS) was only slightly 
lower in the K+D group than in the D group. 
Hence, vitamin K2 MK-7 may reduce the pro-
gression of atherosclerosis (assessed by CCA-
IMT) in non-dialysis subjects with CKD stages 
3–5, but does not seem to affect the progres-
sion of calcification (assessed by CACS) signif-
icantly.

Parameter Vitamin K + D (n = 28) Vitamin D (n = 12) p valuea  
     
 before treatment after treatment p value before treatment after treatment p value 

MGP, pg/ml 639.6 ± 187 742.8 ± 249.1 0.06 640.7 ± 195.4 615 ± 165.9 0.6 0.1
 595.1 (533.6-831.2) 684 (555.6-888.4)  560.3 (516.3-718.2) 594.9 (489.1-680.0)

ucMGP, pmol/l 1077.1 ± 507.7 961.5 ± 506.7 0.02  793.9 ± 400.3  820.7 ± 565.2 0.7 0.5
 1004 (590-1670) 812 (510-1580)  715 (467-1190) 710 (490-1119)
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STUDIES

REFERENCE H
van Summeren, M.J., et al., The effect of menaquinone-7 

(vitamin K2) supplementation on osteocalcin carboxylation 
in healthy prepubertal children

Objective:
Vitamin K2 beneficially affects bone health 
probably via its role in osteocalcin activation. 
This study investigated the effect of K2 MK-7 
supplementation on circulating levels of uncar-
boxylated osteocalcin (ucOC) and carboxylated 
osteocalcin (cOC) in healthy prepubertal chil-
dren.

Method: 
A double-blind, placebo-controlled clinical trial 
of 55 children (both genders) who received 
either MK-7 (45 µg/day) or placebo for eight 
weeks. Circulating markers – ucOC and cOC – 
were measured at baseline and after eight weeks 
by immunoassays, together with MK-7 levels 
(measured by HPLC.) The ucOC:cOC ratio (UCR) 
was used as an indicator of vitamin K status. Two 
major outcomes were calculated: primary out-
come was the percentages of change in UCR 
from baseline (0 weeks) to endpoint (8 weeks) in 
both treatment groups and secondary outcomes 
were the percentage of change in the absolute 
concentrations of circulating ucOC, cOC, and 
MK-7. Additionally, bone markers and coagula-
tion parameters were measured to confirm the 
stability of bone metabolism and to rule out any 
procoagulant effect of MK-7, respectively. 

Results: 
In the MK-7 group, there was a significant 
increase in the blood levels of MK-7. Additional-
ly, there was a significant reduction in the serum 
levels of ucOC and UCR (p<0.001) compared to 

the placebo group. In both groups, there were 
no changes in the bone markers and coagula-
tion parameters. Finally, cOC levels increased in 
children who took MK-7 (p=0.067). These find-
ings suggest that supplementation with MK-7 
(around 45 µg/day) increases circulating con-
centrations of MK-7 and increases osteocalcin 
carboxylation in healthy prepubertal children.

Group Placebo Vitamin K p valuea  
     
 n Median % change Range n Median % change Range 

Undercarboxylated osteocalcin (%) 26 + 12.2 - 48.1 - 344.1 26 - 25.6 - 73.3 - 28.9 <0.001
Carboxylated osteocalcin (%) 26 + 1.2 - 33.3 - 386.1 26 + 12.2 - 78.6 - 87.0   0.067
UCR (%) 26 + 0.0 - 45.5 - 80.0 26 - 33.3 - 59.1 - 16.7 <0.001
Menaquinone-7 (%) 22 - 7.1 - 100.0 - 290.0 22 + 328.5 16.7 - 1907.1    0.001
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STUDIES

REFERENCE I
Moller, M., et al., Bioavailability and Chemical/Functional 

Aspects of Synthetic MK-7 vs Fermentation-Derived MK-7 
in Randomised Controlled Trials 

Objective:
This study investigated the uptake and biological 
activity of both synthetic and fermentation-de-
rived MK-7 in healthy volunteers, by single dose 
and over time via multiple dosing.

Method: 
This paper describes two clinical trials – a bio-
availability study and a functional study. The 
bioavailability study was a single-blind, two-way 
cross-over trial with 17 subjects who received 
a single dose of either synthetic or fermen-
tation-derived MK-7 (180 µg). MK-7 in blood 
samples were measured 72 hours post-intake. 
The functional study was a double-blind, place-
bo-controlled trial where 43 volunteers received 
synthetic MK-7 (45, 90, or 180 µg), or fermen-
tation derived MK-7 (90 µg), or placebo for six 
weeks. Blood samples were taken regularly for 
measurement of MK-7 and uncarboxylated oste-
ocalcin (ucOC) levels.

Results: 
Both synthetic and fermentation-derived MK-7 
displayed identical pharmacokinetics for single 
dose intake. Multiple dose intake of synthetic 
MK-7 showed a dose-dependent increase of 
MK-7 as well as a dose-dependent reduction of 
ucOC in the blood. Equivalent doses of 90 µg 
of the synthetic and the fermentation-derived 
MK-7 demonstrated equal MK-7 levels in the 
blood and equal biological activity (as measured 
by ucOC levels). 



VITAMIN K219

STUDIES

REFERENCE J
McFarlin, B.K., A.L. Henning, and A.S. Venable, 

Oral Consumption of Vitamin K2 for 8 Weeks Associated With 
Increased Maximal Cardiac Output During Exercise 

Objective:
This study was conducted to determine if an 
8-week vitamin K2 MK-7 intake could influence 
cardiovascular response to a cycle ergometer 
test among athletes. 

Method: 
An 8-week double-blind, placebo-controlled 
trial with 26 trained male and female athletes. 
Subjects received 320 µg/day MK-7 for weeks 1 
to 4, followed by 160 µg/day MK-7 for weeks 5 
to 8, or placebo for eight weeks. Oxygen con-
sumption, carbon dioxide production, respira-
tory rate, and respiratory exchange ratio were 
measured using a graded exercise test on an 
electronically braked cycle ergometer (both pre-
and post-intervention). Also, noninvasive cardi-
ac output, stroke volume, and heart rate were 
measured using skin-mounted electrodes.  

Results: 
Supplementation of MK-7 gave a 12% significant 
increase in maximal cardiac output (p=0.031), 
and a trend towards an increase in heart rate 
(p=0.07).
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STUDIES

REFERENCE K
Riphagen, I.J., et al., Riphagen, I.J., et al., Prevalence and 

Effects of Functional Vitamin K Insufficiency: 
The PREVEND Study. 

Objective:
Soft tissue calcification is common in sever-
al highly prevalent diseases like hypertension, 
chronic kidney disease (CKD) and cardiovas-
cular disease (CVD). A strong inhibitor for soft 
tissue calcification is matrix Gla Protein (MGP). 
Intake of vitamin K2 is shown to active/carbox-
ylate MGP cMGP), and the inactive/uncarboxy-
lated form of MGP (ucMGP) is a good marker 
for vitamin K insufficiency. The objective of this 
study was to study the prevalence and effects on 
vitamin K insufficiency with a particular focus on 
hypertension, type 2 diabetes, CKD, CVD, and 
mortality.

Method: 
A total of 4275 participants (aged 53±12 yrs, 46.0% 
male) were included in this general population-based 
study. The participants were followed up for 10 yrs. 

Results: 
The participants that were either hypertensive 
(HT), were ≥60 years of age, had type 2 diabetes 
(DM2), CKD or CVD had a significantly higher 
level of the inactive ucMGP (Figure 1A). There 
was also a significant association between the 
number of comorbidities (HT, DM2, CKD, CVD) 
and ucMGP (Figure 1B). After 10 years of fol-
low-up, 279 participants had died, and 74 of 
these deaths were due to cardiovascular disease. 
There was a significant association of ucMGP 
with both all-cause mortality (p<0.001) and car-
diovascular mortality (p<0.001) (Figure 2).

Figure 1
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Figure 2



VITAMIN K221

STUDIES

REFERENCE L
Aoun, M., et al., High Dephosphorylated-Uncarboxylated 
MGP in Hemodialysis Patients: Risk Factors and Response 

to Vitamin K2, a Pre-Post Intervention Clinical Trial

Objective:
Vascular calcification is very common in hemo-
dialysis patients, a population with high levels 
of inactive/uncarboxylated MGP (ucMGP). This 
pre-post intervention clinical trial examined the 
correlation between the degree of calcification 
and ucMGP levels and assessed the reduction in 
ucMGP levels following MK-7 supple mentation. 

Method: 
Fifty hemodialysis patients received a daily dose 
of 360 µg MK-7 for 4 weeks. At baseline, the 
calcification score was performed by two inde-
pendent physicians, one of them was blinded. 
Blood samples for detection of ucMGP were 
collected at baseline and at the end of the trial. 

Results: 
At baseline, the calcification score correlated 
significantly with ucMGP serum levels (p=0.002). 
The median level of ucMGP reduced from 3179 
µM at baseline to 295 µM at the end of the trial, 
an 86% reduction. 
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STUDIES

REFERENCE M
Mansour, A. G., et al., Vitamin K2 Supplementation and 

Arterial Stiffness Among Renal Transplant Recipients – 
A Single-Arm, Single-Center Clinical Trial

Objective:
Renal transplant recipients have an increased risk 
of arterial stiffness and cardiovascular disease. 
This population also display a subclinical vitamin 
K deficiency, detected by high levels of inactive, 
uncarboxylated matrix gla-protein (ucMGP). This 
prospective, single-arm clinical study examined 
the effects of MK-7 supplementation on arterial 
stiffness and ucMGP levels.

Method: 
Sixty renal transplant recipients were supple-
mented with a daily dose of 360 µg MK-7 for 
8 weeks. Arterial stiffness was measured using 
carotid-femoral pulse wave velocity (cfPWV). 
Blood samples were collected for assessment 
of ucMGP. 

Results: 
The patients experienced a 14.2% improve-
ment in arterial stiffness (P < 0.001) and a 55.1% 
decrease in mean serum levels of ucMGP (P 
< 0.0001), at the end of the study. In conclu-
sion, MK-7 supplementation improved subclin-
ical vitamin K deficiency and arterial stiffness 
in renal transplant recipients with stable graft 
function. 
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STUDIES

REFERENCE N
Marles, R.J., A.L. Roe, and H.A. Oketch-Rabah,

US Pharmacopeial Convention Safety Evaluation of Menaqui-
none-7, a Form of Vitamin K

Objective:
The authors reviewed the chemistry, dietary 
sources, intake levels, and pharmacokinetics 
of MK-7, together with non-clinical toxicity and 
adverse events associated with MK-7 intake. 

Main Evaluation: 
1. Adverse events from clinical trials: 14 clin-

ical trials reported adverse events. However, 
for treatment populations with ≤120 individ-
uals, the right MK-7 dosage (≤180 µg/day 
for 3 years, ≤360 µg/day for 12 weeks, and 
≤1080 µg thrice weekly for 8 weeks) showed 
no significant adverse effects compared to 
placebo.

2. Pharmacovigilance: A search on MK-7 was 
performed in all major databases, globally. 
The findings are summarized in the figure.

3. Anticoagulants: MK-7 can have risky inter-
actions with anticoagulant drugs. However, 
through dose titration and patient counseling, 
the physician or pharmacist may be able to 
mitigate that risk to maintain stable anticoag-
ulation control, so long the patient’s vitamin 
K intake is known.

4. Animal toxicology studies: Rats given ≤10 
mg/kg/day of MK-7 for ≤90 days showed no 
significant adverse effects, genotoxicity or 
mutagenicity.  

Results: 
In conclusion, MK-7 as a dietary supplement 
does not pose any serious health risks. 
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STUDIES

REFERENCE O
Popko, J., et al., Decreased Levels of Circulating 

Carboxylated Osteocalcin in Children with 
Low-Energy Fractures: A Pilot Study

Objective:
Vitamins K and D are involved in the regulation 
of bone health and in the prevention of fractures. 
The study assessed the status of these vitamins 
in children with low-energy fractures and in chil-
dren with no fractures. 

Method: 
The trial recruited 39 children. The test group, 
children with low-energy fractures, included 20 
children (14 boys and 6 girls) aged 5–15 years, 
and the control group, children with no frac-
tures, included 19 children (9 boys and 10 girls) 
aged 7–17 years. Blood samples were collected 
for the assessment of vitamin K status (by meas-
uring the carboxylated osteocalcin and uncar-
boxylated osteocalcin levels) and total vitamin 
D status (by measuring the 25-hydroxyvitamin 
D3 and 25-hydroxyvitamin D2 levels). 

Results: 
Activated or carboxylated osteocalcin levels 
were significantly higher in the group with no 
fractures. The ratio of uncarboxylated to car-
boxylated osteocalcin (UCR) was significantly 
higher in the group with low-energy fractures. 
Vitamin D status were similar in both groups.



VITAMIN K225

STUDIES

REFERENCE P
Wei, F.F., et al., Inactive Matrix Gla-Protein is a Novel Circulating 

Biomarker Predicting Retinal Arteriolar Narrowing in Humans

Objective:
The diameter of retinal micro-vessels carries 
important prognostic information; smaller arte-
riolar diameter is a predictive marker for cardi-
ovascular mortality and coronary heart disease. 
Matrix gla-protein (MGP) is expressed in the ret-
inal vasculature. The trial investigated the asso-
ciation between inactive or uncarboxylated MGP 
(ucMGP) and retinal circulation (measured by ret-
inal arteriolar and venular narrowing).

Method: 
The trial recruited 935 participants (mean age of 
40.9 years and 50.3% women). Retinal vascular 
diameters (central retinal arteriole and venule) 
were assessed. Blood samples were collected 
for ucMGP assessment.

Results: 
The retinal arteriolar diameter was significantly 
smaller among participants with high circulating 
ucMGP than those with low circulating ucMGP.  
Therefore, circulating ucMGP is a predictor of 
smaller retinal arteriolar narrowing. Vitamin K 
supplementation might promote retinal health.
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Effect of vitamin K2 on type 2 diabetes mellitus: A review

Author / year Country Results and conclusionOutcome measureDesign, Participants

Beulens
2010

Choi
2011

Zatollah
2016

Netherlands

Korea

Iran

Vitamin K2 may be associated 
with a reduced risk of T2DM

Documented cases of T2DM 
were compared to intake levels 
of vitamin K2 

Prospective cohort study 
(N=38.094) where 918 incidents 
of diabetes were documented, 
10.3 years of follow-up

Supplementation with vitamin K2 
improves insulin sensitivity

Insulin sensitivity index, acute insulin 
response to glucose, 
disposition index, adiponectin, 
interleukin-6

Placebo-controlled clinical trial, 
N=42 healthy males aged 29 years 
were included, 
4 weeks of intervention

Signi�cant reduction in serum insulin 
and HOMA-index

Serum insulin levels, HOMA indexDouble-blinded, randomized, 
placebo-controlled trial, N=66, 
patients with T2DM and coronary 
heart disease, aged 40-85 years,
12 weeks of intervention

STUDIES

REFERENCE Q
Li, Y., et al., Effect of Vitamin K2 

on Type 2 Diabetes mellitus: A Review

Objective:
Type 2 diabetes mellitus (T2DM) is a major pub-
lic health problem, globally. Type 2 diabetes 
develops when the body becomes resistant to 
insulin. At first, the pancreas tries to compen-
sate by producing more insulin, eventually, the 
insulin production diminishes and blood sugar 
increases.  Prospective observational studies 
and clinical trials show a reduced risk of devel-
oping T2DM with vitamin K2 supplementation. 
The literature review assessed the effects of vita-
min K2 on T2DM and its pathogenesis. 

Main Evaluation: 
Clinical data (one cohort study and two clinical 
trials) indicate that vitamin K2 intake improves 
insulin sensitivity and reduces the risk of T2DM.  
1. Increased activation of osteocalcin (cOC) can 

increase adiponectin, lowering plasma glu-
cose levels and increasing insulin sensitivity

2. Reduced inflammation leading to a reduced 
secretion of cytokines can enhance glucose 
uptake

3. Reduced serum levels of triglycerides can 
lead to increased glucose uptake

Results: 
The authors propose vitamin K2 supplementa-
tion as a potential therapeutic strategy for T2DM 
in the future.
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STUDIES

REFERENCE R
Myneni, V.D. and E. Mezey,

Regulation of Bone Remodeling by Vitamin K2

Objective:
Bone structures are tightly regulated and require 
amino acids, fatty acids, carbohydrates, miner-
als, vitamins and water for optimal development 
and maintenance. Vitamin K2 regulates bone 
remodeling, a continuous process that helps 
maintain bone structure, bone volume, and cal-
cium homeostasis. This review summarizes the 
current data on how K2 regulates bone remod-
eling.

Main Evaluation: 
Old and micro-damaged bone are continuous-
ly replaced through the bone remodeling cycle, 
which consists of five distinct and overlapping 
phases. 
1. Initiation: Osteocytes sense deformed bone 

and secretes signaling molecules to activate 
osteoclast precursor cells to osteoclasts.

2. Resorption: Osteoclasts form bone-resorb-
ing compartments. They secrete proteolytic 
enzymes and hydrogen ions to lower the pH.  
This facilitates the dissociation of bone min-
erals and the degradation of the bone matrix.

3. Reversal: Osteoclasts are inactivated, and 
osteoblasts are recruited.

4. Formation: Osteoblasts deposit an organ-
ic matrix that is mineralized. They secrete 
osteocalcin into the bone extracellular matrix 
where it binds to hydroxyapatite crystals. 

5. Resting: Most of the osteoblasts that partici-
pated in the now bone formation dies, some 
develop to lining cells and some to osteo-
cytes. Thereafter, the cycle is completed, fol-
lowed by a resting phase.

The bone remodeling cycle can be imbalanced. 
If less bone mass is formed than resorbed, it can 
evolve into osteopenia and eventually osteopo-
rosis.

Results: 
Vitamin K2 regulates the bone remodeling cycle 
at several levels:
1. Osteoclasts: Vitamin K2 inhibits osteoclast 

differentiation
2. Osteoblasts: Vitamin K2 stimulates osteo-

blast development and protects them from 
cell death leading to increased osteoblast/
lining cells and osteocytes

3. Osteocalcin:  Vitamin K2 activates or carbox-
ylates osteocalcin that allows binding the cal-
cium and hydroxyapatite crystals.
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Ueland,
2010

Ueland
2011

,

Dalmeijer
2013

, 

Liabeuf,
2014

 

Pivin
2015

, 

Mayer
2016

, 

Sardana,
2016

Dalmeijer,
2013

Dalmeijer
2013

, 

Van den
Heuvvel
2014

 , 

Dalmeijer
2014

,
 

Liu
2015

, 

Ueland
2010

, 

Ueland,
2011

 

Mayer,
2014 & 2016

Studies on circulating ucMGP and cardiovascular-related outcomes

Author / year Country Results and conclusionOutcome measureParticipants

Higher circulating ucMGP was associated with 
decreased cardiac function

Higher circulating ucMGP was associated with 
increased heart failure

Higher circulating ucMGP was slightly associated 
with high CAC (p=0.06)

Higher circulating ucMGP was associated with 
peripheral arterial calci�cation score

Higher circulating ucMGP was associated with 
increased arterial stiffness

Higher circulating ucMGP was associated with 
increased aortic pulse wave velocity 

Higher circulating ucMGP was associated with 
increased arterial stiffness

Higher circulating ucMGP was associated with
increased CVD risk

Higher circulating ucMGP was associated with 
increased CAC

Higher circulating ucMGP was associated with
increased CVD risk

No association was observed between ucMGP
and risk for CVD and stroke 

Higher circulating ucMGP was associated with
increased coronary events and cardiovascular
mortality

Higher circulating ucMGP was associated with
long-term mortality

Higher circulating ucMGP was associated with 
decreased long-term heart transplant-free 
survival

Higher circulating ucMGP was associated with 
increased mortality risk

Echocardiographic
measures

Systolic function

Coronary artery calci-
�cation (CAC) score

Peripheral arterial 
calci�cation score

Aortic pulse wave
velocity

Aortic and distal 
pulse wave velocity

Carotid-femoral 
pulse wave velocity

Cardiovascular disease 
(CVD)

CAC

CVD

CVD and stroke

CVD and mortality

All-cause mortality

Mortality due to 
heart failure

All-cause mortality,
CVD mortality

N=147, calci�c valvular aortic stenosis 
patients, age 74 ± 10, 45% female

179 heart failure patients and 33 healthy 
individuals, age 56±12, 22% female

 

N=195, post-menopausal women, 
age 67±6

N=198, type 2 diabetes, men>50 
and women >60 years 

N=1001, age 47±17, 52% female

 

N=1087, age 55±14, female

N=66, type 2 diabetes, 
age 62±12 years, 9% female

N=518, type 2 diabetes, age 58±7, 
82% female, 11 years of follow-up

N=508, post-menopausal women, 
age 56±6, 8.5 years of follow-up

N=577, age 60 years, 56% female, 
5.6 years of follow-up 

 
 

N=2985, age 49.5±12 years, 
56% female, 11.5 years of follow-up

N=2318, age 44, 51% female, 
14.1 years of follow-up

N=147 calci�c valvular aortic stenosis 
patients, age 74 ± 10, 45% female, 
23 months of follow-up

 

179 heart failure patients and 33 healthy
individuals, age 56±12, 22% female
2.9 years of follow-up

N=799, prior CVD patients, age 65 years, 
29% female, 5.6 years of follow-up

Norway

Norway

Netherlands

France

Switzerland

Czech 
Republic

USA

Netherlands

Netherlands

Netherlands

Netherlands

Belgium

Norway

Norway

Czech 
Republic

Longitudinal studies among cardiac patients

Longitudinal studies

Cross-sectional studies

STUDIES

REFERENCE S
van Ballegooijen, A.J. and J.W. Beulens, The Role of Vitamin K 

Status in Cardiovascular Health: Evidence from 
Observational and Clinical Studies

Objective:
A growing number of studies support a benefi-
cial effect of vitamin K on cardiovascular health. 
This literature review summarizes the published 
studies on vitamin K status and cardiovascular 
outcomes. 

Main Evaluation: 
A biomarker for low vitamin K status is inactive, 
dephosphorylated and uncarboxylated matrix 

gla-protein (ucMGP). The authors screened all 
available published literature where dp-ucMGP 
and cardiovascular endpoints have been stud-
ied.

Results: 
Observational studies indicate that low vitamin K 
status measured by high ucMGP concentrations 
plays a role in cardiovascular disease.
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STUDIES

REFERENCE T
van den Heuvel, J.M., et al.,

NOACs Replace VKA as Preferred Oral Anticoagulant 
Among New Patients: A Drug Utilization Study in 

560 Pharmacies in The Netherlands

Objective:
Vitamin K antagonists (VKA) and non-VKA oral 
anticoagulants (NOACs) are the two main cat-
egories of oral anticoagulants prescribed for 
thromboembolic diseases. VKA interferes with 
the vitamin K cycle and has a small therapeu-
tic window. Treating patients with VKA requires 
titration of the dose, and the required dose can 
differ largely among patients. NOACs are a 
new group of drugs that entered the market in 
2011. NOACs do not interfere with the vitamin 
K cycle and do not require frequent monitoring 
of the blood, which is a benefit for the patient. 
This study compared the use and adherence of 
NOACs to VKA.

Method: 
Data from 560 pharmacies and 247,927 patients 
prescribed from 2011 to 2016 were analyzed. 
Use in new patients and switch from VKA to 
NOAC were registered. Adherence to the thera-
pies were calculated.

Results: 
Since its launch in 2011, NOACs has grown up 
to 57% of prescriptions to new patients. Among 
the NOAC users, 70% were new naïve patients 
and around 26% switched from VKA. 88% of all 
NOAC users were adherent to the therapy. In 
conclusion, NOAC has taken over VKA as the 
major treatment prescribed to new users. The 
number of patients starting on VKA is decreasing.
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STUDIES

REFERENCE U
Van Ballegooijen, A., et al., The Synergistic Interplay between 

Vitamin D and K for bone and Cardiovascular Health: 
A Narrative Review

Objective:
Vitamins D and K are both fat-soluble vitamins 
and play a central role in calcium metabolism. 
Vitamin D promotes the production of vitamin 
K-dependent proteins, which require vitamin K 
for carboxylation in order to function properly. 
This review is meant to summarize available evi-
dence about the synergistic interplay existing 
between vitamins D and K for bone and cardi-
ovascular health. Primary focus was set on the 
general population and includes observational 
studies investigating both vitamin D and K sta-
tus with outcome measures and supplementa-
tion studies where volunteers were administered 
both vitamins D and K. 

Method: 
Authors assessed available in vitro studies, ani-
mal studies, human observational studies and 
clinical trials. 

Results: 
The review outlines the interplay between the 
two vitamins, suggesting that joint supple-
mentation might be more effective than the 
consumption of either alone for bone and car-

diovascular health. In the center of this interplay 
are the vitamin K dependent proteins where the 
two best described proteins are osteocalcin and 
matrix-gla protein (MGP). 
Both osteocalcin and MGP are expressed in inac-
tive states, and vitamin K, and in particular vita-
min K2 (MK-7) is shown in clinical trials to activate 
these proteins. In more details, this activation is a 
carboxylation that will allow interactions with cal-
cium. Osteocalcin is expressed in osteoblasts in 
bones and MGP is expressed in smooth vascular 
muscle cells. Studies on cell cultures have demon-
strated that vitamin D enhances the expression of 
both osteocalcin and MGP. 

The authors express a concern that supplemen-
tation of too much vitamin D alone, without 
supplementation of vitamin K, they write “This 
means that long-term vitamin D supplemen-
tation could promote the production of large 
amounts of vitamin K-dependent proteins, which 
remain inactive because there is not enough 
vitamin K to carboxylate”.  The authors con-
clude that animal and human studies suggest 
that optimal concentrations of both vitamin D 
and vitamin K are beneficial for bone and cardi-
ovascular health.
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STUDIES

REFERENCE V
Miyamoto, T., et al., 

Changes in bone metabolic profile 
associated with pregnancy or lactation

Objective:
The skeleton of a pregnant mother undergoes 
several changes during pregnancy and lactation. 
The fetus and baby have high demands for sev-
eral nutrients that the mother provides through 
the umbilical cord or via the breast milk. A grow-
ing skeleton requires calcium, thus, the moth-
er increases the calcium absorption across her 
intestine to keep up with the growing demand 
for this mineral. In addition, osteoclastic bone 
resorption from the mother’s own skeleton is 
activated, something that leads to a decreased 
bone mass. Transfer of calcium from mothers to 
fetuses and infants during pregnancy and lacta-
tion promotes metabolic changes in the mother, 
many being uncharacterized. Authors undertook 
two parallel studies to describe these changes. 

Method: 
The first study analyzed 14 clinical cases of 
post-partum vertebral fragility fractures, in moth-
ers who breastfed their infants. The second study 
enrolled 79 additional heathy pregnant women, 
some who chose to breastfeed and others who 
did not, to analyze changes in bone metabolic sta-
tus. Biomarkers for both bone resorption and bone 
forming were studied before and after delivery.

Results: 
In total, after delivery, there was a shift in the bal-
ance between bone resorption and bone forma-
tion, something that reflected an increased bone 
turnover after birth. Two of the biomarkers used 
were osteocalcin and its inactive form (undercar-
boxylated – ucOC). Both osteocalcin and ucOC 
significantly increased after delivery. In summary, 
the authors write that bones acquire a high turn-
over after delivery.
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Vitamin K2 and 
anticoagulant therapy 
Coumarins are among the classic and com-
monly used oral anticoagulants. They are wide-
ly used for the treatment and prophylaxis of 
thromboembolic diseases and in particular for 
the protection of strokes in patients with atrial 
fibrillation. Warfarin, phenprocoumon and acen-
ocoumarol are the typical representatives of this 
class of drugs.

As vitamin K antagonists (VKA), these agents 
inhibit the vitamin K-dependent activation of 
coagulation factors by competitively displacing 
vitamin K, thus reducing the coagulation ability of 
the blood. In addition, they prevent the synthesis 
of anticoagulant proteins S and C in the liver.

The effectiveness of coumarins is susceptible to 
interference: interactions with drugs and food are 
common. Therefore, the blood coagulation abili-
ty of VKA-treated patients must be closely moni-
tored. In particular, vitamin K has a major impact 
on the effects of coumarins. A low-dosage vitamin 
K diet or a stable dosage vitamin K diet is often 
recommended during therapy to prevent the 
sensitive enzyme cascade system of blood clot-
ting to be strongly influenced.

An interesting role is suggested particularly for 
vitamin K2, since in a mammalian trial it is shown 
that individuals treated with vitamin K2 and 
Warfarin were protected from calcifying vessels, 
something not seen for individuals with Warfarin 
and vitamin K1 treatment [1]. 

MK-7 and anticoagulants 
Healthy individuals titrated with Warfarin to reach 
a target international normalized ratio (INR) of 
2.0 will show changes/normalizations in the INR 
if they start supplementation with vitamin K1 or 
vitamin K2 (MK-7) [2]. There are several reports 
documenting that patients that are taking AOC 
will benefit from taking a stable dose of vitamin 
K [3-7].

Sconce et al from 2005 [7] investigated the die-
tary intake of vitamin K in patients on warfarin. 
They discovered that patients with an unstable 
control of their INR blood values had a signif-
icantly lower intake of vitamin K when com-
pared to the patients that had a stable control 
of their INR blood values. Further, Scones el al 
from 2007 [6] investigated if intake of vitamin K 
could improve the stability of anticoagulation 
for patients with high variability in the response 
to warfarin. In this double-blinded placebo con-
trolled clinical trial the patients taking vitamin K 
significantly lowered the variability and stabi-
lized the INR values compared to the placebo 
group. A Canadian research group confirmed 
their latter findings also in a double-blinded 
placebo controlled trial [5]. Li et al showed that 
dietary vitamin K intake may be optimal when 
initiating warfarin therapy [4]. In a double-blind-
ed randomized placebo controlled study 
Gebuis and colleagues showed that for patients 
starting with vitamin K antagonists, supplemen-
tation with vitamin K resulted in an improve-
ment of time that anticoagulation was within 
the therapeutic range. [3]. They also found that 
there were no differences in thromboembolic 
and hemorrhagic complications between the 
placebo group and the test groups.

Recently, the US Pharmacopeial Convention 
published a safety evaluation of MK-7 [9]. 
Important sections in this evaluation were 
interactions between MK-7 and anticoagulants, 
and pharmacovigilance. The conclusion from the 
US Pharma  copeial Convention: “In summary, 
there is a risk of interaction between MK-7 or 
other forms of vitamin K and warfarin or other 
anticoagulant therapy. However, through dose 
titration and patient counselling, the physician 
or pharmacist may be able to mitigate that risk 
to maintain stable anticoagulation control, so 
long as the patients’ vitamin K intake is known.” 
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The new range of novel non-vitamin K antagonist 
oral anticoagulants (NOACs) which in contrast 
to the VKAs suppressing the synthesis on the 
vitamin K-dependent factors, works by directly 
inhibiting the key proteases (factors IIa and Xa). 
These NOACs seem, according to a compari-
son conducted by Mekaj et al in 2015, to have 
important advantages in terms of safety, conven-
ience of use, minor drug and food interactions, 
a wide therapeutic window and no need for lab-
oratory monitoring [8]. It is expected that these 
NOACs will dominate the market going forward, 
which ultimately will have impact on the level of 
concerns associated with use of anticoagulant 
treatment drugs in relation to vitamin K supple-
mentation.

Pharmacovigilance 
In order to look for potential side effects where 
MK-7 could be involved, Marles et al did, in 
2017, a search for published case reports or 
reviews in the FDA MedWatch program, the 
Canadian Vigilance Adverse Reaction Online 
Database, the UK Medicines and Healthcare 
Products Regulatory Agency Drug Analysis 
Prints A-Z, the Australian Therapeutic Goods 
Administration Database of Adverse Event 
Notifications – medicines, and the New Zealand 
MedSafe Suspected Medicine Adverse Reaction 
Search [9].

• MedWatch-FDA: No relevant reports
• Canada Vigilance Database: No reports on 

“Menaquinone-7” or “MK-7”. One report 
retrieved with search word “menaquinones”. 
This was a non-serious event of diarrhea and 
vomiting where the suspected product was a 
92-ingredient product containing only 6 µg vita-
min K2 (vitamin not specified). 

• UK Medicines and Healthcare Products Regula-
tory Agency Drug Analysis Prints database: No 
relevant reports 

• Australian Therapeutic Goods Administration 
Database of Adverse Event Notifications – med-
icines: Two reported adverse events associated 
with menaquinones. One event was a report 
of “hot flush” and “blurred vision” associated 
with MK-7. The other event was a myocardial 
infarction and splenic infarction associated with 
an unspecified menaquinone product (vitamin 
not specified) taken in combination with human 
prothrombin complex (also one of the suspect-
ed product in the report) and acetylsalicylic acid. 

• New Zealand MedSafe Suspected Medicine 
Adverse Reaction Search: No relevant reports.

Conclusion
The conclusion from the US Pharmacopeial 
Convention: “The clinical and nonclinical data 
reviewed here, together with the finding of 
reviews conducted by reputable bodies such as 
the EFSA, UK EVM, the IOM and WHO, support 
the conclusion that MK-7, when ingested as a die-
tary supplement at levels typically recommend-
ed, is not likely to be associated with any serious 
risk to individual or public health that is not 
already addressed by current practices regard-
ing the marketing and use of dietary supple-
ments containing vitamin K in its various forms.”  

While Warfarin and Coumarin may prevent stroke 
and pulmonary embolism, it may, over time, 
contribute to complications associated with low 
vitamin K activity, such as reduced bone mineral 
density, osteopenia, osteoporosis, increased bone 
fractures, and calcification of arteries. Several stud-
ies report that a combination of vitamin K and War-
farin may be beneficial circumventing the negative 
effects. However, since warfarin and coumarin are 
partially blocking the vitamin K cycle, a sudden 
intake of vitamin K (both vitamin K1 and vitamin 
K2) could potentially be dangerous. Patients taking 
warfarin should consult a physician regarding the 
optimal balance of vitamin K-family intake, and it 
will be important to maintain a stable intake of vita-
min K when the patient has reached a therapeutic 
INR range.
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