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ABSTRACT

A protective role for vitamin K in cardiovascular disease (CVD), a leading cause of morbidity and mortality, has been proposed because vitamin
K–dependent proteins, such as matrix Gla (γ -carboxyglutamic acid) protein (MGP), are present in vascular tissue. MGP functions as a vascular
calcification inhibitor—but only when it is carboxylated, which requires vitamin K. There is more than one naturally occurring form of vitamin
K. Phylloquinone (vitamin K1) is found in plant-based foods, whereas menaquinones (vitamin K2) are a class of vitamin K compounds found in
animal-based and fermented foods. Phylloquinone and menaquinones are capable of carboxylating MGP and other vitamin K–dependent proteins.
In rodent models, high intakes of either phylloquinone or menaquinone reduced vascular calcification. Evidence of the relative importance of
phylloquinone and menaquinone to CVD in humans is limited and controversial. In some observational studies, higher dietary menaquinone intake,
but not phylloquinone intake, was associated with less coronary artery calcification (a subclinical manifestation of CVD) and a lower risk for clinical
CVD events. These findings have led to claims that menaquinones have unique cardiovascular health benefits compared with phylloquinone.
However, this claim is not supported by the results of the limited number of intervention trials conducted to date. The purpose of this review is
to evaluate the strengths and limitations of the available evidence regarding the role of vitamin K in vascular calcification, CVD, and mortality. Adv
Nutr 2021;12:632–646.
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There has been a recent plethora of claims regarding
the role of vitamin K in protecting against cardiovascular
disease (CVD), a worldwide leading cause of morbidity and
mortality. Proposed >3 decades ago, this putative protective
role is based on the presence of vitamin K–dependent
(VKD) proteins in vascular tissue, where they are involved
in inhibiting vascular calcification (1). While grounded in
biological plausibility, there was a paucity of rigorous studies
to support any claims linking low vitamin K status to
CVD risk when the last US dietary recommendations for
vitamin K were evaluated in 2001 (2). Results from recent
studies, using a variety of designs, have led to inconsistent
interpretations, some of which are contradictory to our
current understanding of vitamin K metabolism. As has been
noted with numerous topics in nutrition (3), there is a need
to evaluate the evidence relative to appropriate scientific
standards. The purpose of this review is to evaluate many
of the recent claims regarding vitamin K’s role in vascular

calcification, CVD, and mortality in the context of available
scientific evidence.

Forms of Vitamin K
There are multiple naturally occurring forms of vitamin
K. Structurally, these forms share a common 2-methyl-1,4-
napthoquinone structure but differ in the length and satura-
tion of their prenylated side chain (Figure 1). Phylloquinone
(vitamin K1), the plant-based form, has a saturated side
chain of 4 isoprenoid units. Menaquinones (vitamin K2)
have an unsaturated side chain and variations in length
differentiate the forms of menaquinones. While there are
10 menaquinone forms (menaquinone-4–menaquinone-13)
found in the food supply, menaquinones are frequently
referred to collectively as vitamin K2 (4), which had led
to some misunderstanding about their origin and function
(5). Menaquinone-4, which is a metabolite of phylloqui-
none and possibly other menaquinone forms (6–8), has
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FIGURE 1 Molecular structures of vitamin K.

an unsaturated side chain containing 4 isoprenoid units.
Some animal-based foods contain menaquinone-4 because
menadione in animal feed is also converted to menaquinone-
4 (5, 9) (Table 1). Menadione is sometimes referred to
as vitamin K3, and has the 2-methyl-1,4-napthoquinone
structure but lacks a side chain and does not have vitamin
K–related activity unless prenylated to menaquinone. The
menaquinone-4 contents of foods, therefore, vary regionally,
depending on the menadione content of the feed fed to
livestock. Menaquinones-5 through -13 are synthesized by
some bacteria and are present in some fermented foods,
including dairy, meat, and fermented vegetables (5, 10–13).
The type of bacteria used in food processing influences the
form and quantity of menaquinones in fermented foods. For
example, natto, traditionally consumed in some regions of
Japan, is rich in menaquinone-7 because the bacteria used
to produce natto (Natto Bacillus) synthesize menaquinone-
7. The menaquinone content of dairy foods also varies
based on the bacteria used in the fermentation process (5).
Bacterially synthesized menaquinones are also found in the
gut microbiome. However, the majority of menaquinones
synthesized in the gut are in the colon, which lacks bile salts
needed for absorption, so the contribution of intestinally
derived menaquinones to overall vitamin K nutritional status
is uncertain (5). Of the menaquinones, menaquinone-4 and
menaquinone-7 are the most-studied forms with respect
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to human health and disease but significant knowledge
gaps persist regarding their role in CVD and other health
outcomes.

Dietary Vitamin K Intakes
The USDA Food Data Central provides phylloquinone
quantities for nearly 16,000 foods in the US food supply
and menaquinone-4 contents for just >600 foods (14).
The Dutch food-composition database provides values for
phylloquinone, total menaquinones (sum of menaquinone-
4–menaquinone-13) and total vitamin K (phylloquinone
plus total menaquinone) contents of 400 foods (15). Food-
composition databases in the United Kingdom, France, and
Germany include phylloquinone only, while the databases
in Canada, Denmark, and Sweden do not specify whether
vitamin K includes phylloquinone, menaquinones, or both
(5). Databases in some countries do not provide information
about the quantity of vitamin K in foods (16, 17). Com-
paring vitamin K contents of foods using food-composition
databases from different countries can be problematic be-
cause the analytical methods used to quantify the vitamin K
forms, especially menaquinones, in food and other matrices

TABLE 1 Vitamin K contents of foods

Vitamin K form and food
Amount per

serving

Phylloquinone 1

Spinach, raw 121 μg/25 g
Kale, raw 80 μg/20 g
Green leaf lettuce 45.5 μg/36 g
Lo mein, meatless 25.4 μg/200 g
Mayonnaise 23 μg/14 g
Canola oil 10 μg/14 g
Olive oil 8.4 μg/14 g
Macaroni and cheese 7.1 μg/230 g

Menaquinone-41

Pepperoni 35.4 μg/85 g
Hot dog, 5-inch 17.1 μg/hot dog
Beef, cooked 0.17 μg/85 g
Chicken, cooked 35 μg/85 g
Cheddar cheese 2 μg/17g
Mozzarella cheese, part skim 1.1 μg/28 g

Menaquinone-72

Natto 360 μg/40g

1Data from USDA Agricultural Research Service. USDA food-composition databases.
Available from: https://ndb.nal.usda.gov/ndb/nutrients/index.
2Data from reference 19.

Vitamin K and cardiovascular disease 633

mailto:kyla.shea@tufts.edu
https://ndb.nal.usda.gov/ndb/nutrients/index
SBest
Highlight



can vary from laboratory to laboratory. Participation in
external quality assurance programs is therefore essential to
ensure assay standardization (18). Although more is known
about the phylloquinone content of the food supply, knowl-
edge about dietary vitamin K overall would be enhanced
by a more thorough evaluation of menaquinones, as well as
phylloquinone, in foods, especially in regions of the world for
which this information is not currently available.

Understanding the bioavailability and metabolism of
phylloquinone and menaquinones is critical to understand-
ing their contribution to CVD and other health conditions.
Stable isotope tracers can be used safely in human studies
to obtain insight into the dynamics of nutrient metabolism
and distribution (20, 21). Through the use of stable isotopes
it has been shown that the bioavailability of phylloquinone
has high interindividual variation (22) and varies by food
matrix and meal composition (23). Some have suggested
that some menaquinone forms are more bioavailable than
phylloquinone based on studies that measured the phyl-
loquinone and menaquinone concentrations in blood over
48–96 h postingestion (24, 25). However, these studies did
not use stable isotopes. To the best of our knowledge,
no study has examined menaquinone bioavailability in
humans using stable isotopes. This represents an important
gap in our understanding of vitamin K bioavailability and
metabolism. Yet, it continues to be perpetuated in the
scientific literature that some menaquinones have superior
bioavailability compared with phylloquinone (4, 26, 27). In
the absence of any study evaluating relative bioavailability of
all known dietary vitamin K forms using stable isotopes, this
assumption is of concern.

The US Institute of Medicine and the European Food
Safety Authority have set an Adequate Intake (AI) for vitamin
K because both institutes concluded that there are insufficient
data to establish an Estimated Average Requirement, which
is needed to establish a RDA (by the Institute of Medicine)
or a Population Reference Intake (by the European Food
Safety Authority) (2, 28). The Institute of Medicine’s AI for
all age groups is based on median phylloquinone intakes
reported in NHANES III (1988–1994). For women and men
aged ≥19 y the respective AIs are 90 μg/d and 120 μg/d
(2). The European Food Safety Authority set an AI of 1 μg
phylloquinone/(kg body weight · d) for all age and sex
groups or 70 μg/d for most adults (28), which is consistent
with recommendations in Australia and New Zealand (29).
As described below, vitamin K is essential for hemostasis,
and the AIs set by the Institute of Medicine and European
Food Safety Authority are based on amounts assumed to
support normal blood coagulation. Abnormal vitamin K–
related coagulopathies are rare in the general population
since normal coagulation is maintained when vitamin K
intakes are as low as 10 μg/d (2, 28, 30, 31). However, it is
uncertain if the current AIs are sufficient to meet all vitamin
K needs of extrahepatic tissues (31).

The primary dietary sources of phylloquinone are green-
leafy vegetables and vegetable oils, but a recent analysis
of NHANES (2011–2012) indicates mixed dishes (e.g.,

pasta and rice dishes) are also significant contributors (32)
(Table 1). In the United States, 55% of men and 34%
of women between 20 and 30 y old did not meet the
recommended vitamin K AI, while among adults >70 y
old, 68% of men and 44% of women did not meet the AI
(32). In Ireland, 60% of adults aged 18–35 y did not meet
the European Food Safety Authority’s AI, whereas among
adults aged ≥65 y this prevalence was 48% (33). In the
United Kingdom, population vitamin K intakes decreased
from 1986–1987 to 2000–2001, which was attributed to a
decrease in leafy-green vegetables over that same time period
(34). Overall, there are a limited number of studies that have
systematically evaluated vitamin K intakes at the population
level. Additional research is needed to identify regions at risk
for low vitamin K intake and obtain a better understanding
of contributors to vitamin K intakes globally.

Current US dietary recommendations do not consider
menaquinones because at the time the recommendations
were established (in 2001), the USDA food-composition
database (now Food Data Central) contained only the phyl-
loquinone content of foods. While menaquinone contents
of foods are being incorporated into some databases (14,
15), current knowledge about the menaquinone contents of
the food supply is still quite limited. In their most recent
report, the European Food Safety Authority did not find
sufficient evidence to set a separate dietary recommendation
for menaquinone intake (28). Until menaquinones have
been systematically quantified in the food supply and more
is known about the dietary menaquinone intakes in the
population and their relative bioavailability, it is premature
to suggest 1) menaquinone supplements are needed to secure
adequate vitamin K intake (35) and 2) menaquinone intakes
require a separate dietary recommendation (4).

Vitamin K Function
Vitamin K is required for the carboxylation and consequent
activation of a family of proteins referred to as VKD proteins.
A vitamin K cycle is responsible for VKD protein carboxyla-
tion (Figure 2). The γ -glutamyl carboxylase converts clusters
of specific glutamic acid (Glu) residues to carboxylated
Glu [Gla (γ -carboxyglutamic acid)] using reduced vitamin
K that becomes oxidized to an epoxide form. Vitamin K
epoxide is then reduced by the vitamin K epoxide reductase
(VKORC1) to regenerate reduced vitamin K for continuous
carboxylation. This vitamin K cycle is essential to hemostasis,
which is maintained by VKD factors that either promote or
attenuate blood clotting [factors II (prothrombin), VII, IX,
and X and proteins C, S, and Z, respectively]. Anticoagulant
drugs have been developed to suppress clotting, for example,
warfarin and acenocoumaral, which inhibit VKORC1 to
decrease overall carboxylation (36).

The efficacy of phylloquinone and individual
menaquinones in supporting VKD protein carboxylation
is poorly understood. Tissues express both phylloquinone
and menaquinones, at varying levels, which makes it
challenging to understand the impact of individual forms.
The only defined system to address vitamin K dependence
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FIGURE 2 A vitamin K cycle drives the carboxylation of VKD proteins. VKD, vitamin K–dependent.

is a biochemical test showing that both phylloquinone and
some menaquinones serve as cofactors for the carboxylase
(37). The relative efficiency of these forms in supporting
carboxylase activity is unknown. Additional unknowns
are the ability of the VKORC1 to reduce phylloquinone
and menaquinones, as required for carboxylation, and how
efficiently these forms are recycled between VKORC1 and the
carboxylase. It has been suggested that certain VKD proteins
require phylloquinone and other VKD proteins require
menaquinones (26, 38). This conjecture is based on the high
concentrations of phylloquinone present in liver where the
VKD clotting factors are synthesized (36). Menaquinones
are also abundant in liver (39). Currently, there is no
evidence that the VKD clotting proteins are exclusively
phylloquinone dependent, while extrahepatic VKD proteins
are exclusively menaquinone dependent. In vivo studies
indicate that both phylloquinone and menaquinone forms
are capable of carboxylating VKD clotting factors—for
example, as shown by the dose-dependent reduction in the
international normalized ratio in warfarin-treated adults by
phylloquinone and menaquinone-7 (24). However, when
menadione was given to patients to reverse warfarin-induced
anticoagulation, it was ineffective (40).

Matrix Gla protein (MGP) and Gla-rich protein (GRP)
are VKD proteins found in vascular (and other) tissues

where they function as calcification inhibitors, but only
when they are carboxylated, which requires vitamin K.
It is through this mechanism that vitamin K is thought
to be involved in reducing vascular calcification, which is
indicative of subclinical CVD (Figure 3). MGP and GRP in
atherosclerotic arterial tissue are primarily uncarboxylated
(nonfunctional), whereas in healthy tissue these proteins
are primarily carboxylated (functional) (41, 42). Osteocalcin
(OC) is a VKD protein that is synthesized by osteoblasts,
providing the basis for the hypothesis that vitamin K
protects against bone loss (43). Vascular calcification and
bone remodeling share common mechanisms. OC, which
is not normally expressed in vascular tissue, is expressed
during vascular calcification (44, 45). Growth arrest specific-
6 (Gas6) has also been proposed to have a role in vascular
calcification and cardiac health (46, 47), but little is known
about the relevance of Gas6 carboxylation to cardiovascular
outcomes. With respect to CVD, MGP has been the most
studied VKD protein, so this review will focus primarily on
MGP.

Biomarkers of MGP Function
Multiple forms of MGP are detectable in circulation that
differ based on the carboxylation and phosphorylation status
of the protein (48). Carboxylation is required for MGP
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FIGURE 3 Potential mode of vitamin K action in CVD and mortality. CVD, cardiovascular disease; GGCX, γ -glutamyl carboxylase; cGMP,
carboxylated matrix Gla protein; ucMGP, uncarboxylated matrix Gla protein.

to bind calcium, but the functional consequence of MGP
phosphorylation is uncertain. Antibodies directed against
different isoforms of MGP are available that detect the
different circulating MGP forms (48, 49). However, only
the dephosphorylated-uncarboxylated (dp-ucMGP) form
decreases in response to vitamin K supplementation and
increases in response to vitamin K antagonism (warfarin)
(48), consistent with what is understood about the vitamin
K cycle (Figure 2). Assays that measure total ucMGP
(t-ucMGP; uncarboxylated MGP measured independent of
the phosphorylation status) (48, 49) and dephosphorylated
carboxylated MGP (dp-cMGP) have also been developed (48,
49). t-ucMGP assayed using a commercially available ELISA
(catalog no. CSB-EC013789HU; Cusabio) decreased in re-
sponse to menaquinone-7 supplementation in hemodialysis
patients (49). However, t-ucMGP measured using an in-
house ELISA did not change in response to menaquinone-
4 or menaquinone-7 supplementation, or vitamin K an-
tagonism with warfarin in healthy adults (48). dp-cMGP
is also reported to decrease (48) or not change (50) in
response to vitamin K supplementation and not change in
response to warfarin treatment (48). These disparate results
are inconsistent with the biochemistry of vitamin K and draw
into question the validity of these measures.

The dual antibody ELISA to measure plasma dp-ucMGP
was developed by VitaK (Maastricht, Netherlands). In 2010,
VitaK entered into a research agreement with Immunodi-
agnostic Systems, Ltd. (IDS, Bolden, UK) (51), and IDS
automated and commercialized the assay. As of October
2018, VitaK is no longer a business entity, but the assay to
measure plasma dp-ucMGP is available from IDS. The pre-
commercialization and IDS assays are both dual antibody
ELISAs directed against the same amino acid sequences
(48, 52). However, some differences between the 2 have
presented challenges when comparing plasma dp-ucMGP
concentrations between studies that used the different assay
platforms. Pre-commercialization, the assay’s lower limit of
detection was 21 pmol/L (48), while the IDS assay’s lower
limit of detection is 300 pmol/L (53). Griffin et al. (53)
measured dp-ucMGP in healthy Irish Caucasian adults using
the IDS assay and reported 39% had concentrations <300
pmol/L, with a median (range) of 318 (<300–698) pmol/L.

Based on these data, the investigators indicated a reference
interval of <300–532 pmol/L for healthy adults. These
adults were not taking prescription or over-the-counter
medications during the week preceding recruitment, were
free of prediabetes or diabetes, and had not been diagnosed
with cardiac, thyroid, liver or metabolic bone disease, or
anemia (53). In general population–based cohorts in Den-
mark, Switzerland, and Czechoslovakia, the mean plasma
dp-ucMGP concentrations ranged from 430 to 570 pmol/L
(54–56). Yet, 77% of adults in a Dutch population–based
cohort had plasma dp-ucMGP <300 pmol/L (57), while the
prevalence of plasma dp-ucMGP <300 pmol/L was 7% in
a Danish population–based cohort (55). There is not yet an
established threshold of plasma dp-ucMGP that indicates an
increased risk for CVD and/or mortality. However, based on
the available evidence from observational studies conducted
in general population–based cohorts, the threshold is >400
pmol/L (54, 58, 59). dp-ucMGP tends to be higher in clinical
populations. For example, in patients with kidney disease,
plasma dp-ucMGP typically exceeds 1000 pmol/L (60). Based
on the available evidence, the relevance of discriminating dp-
ucMGP concentrations <300 pmol/L is uncertain.

Both phylloquinone and menaquinone-7
supplementation reduce plasma dp-ucMGP (61–68), but the
magnitude of the response of dp-ucMGP to phylloquinone
or menaquinone-7 supplementation is highly variable
(Table 2). Reductions in plasma dp-ucMGP ranging
from 17% to 66% were reported in response to 360 μg/d
menaquinone-7 supplementation for 6 wk to 6 mo (61–66).
This variability may be related to differences in study
participants and/or duration. However, in 2 separate
menaquinone-7 dose–response studies conducted in
hemodialysis patients, the response of dp-ucMGP to
menaquinone-7 supplementation was highly variable,
even within similar patient populations over similar time
periods. For example, in 2 separate studies of hemodialysis
patients, plasma dp-ucMGP was reported to decrease by 18%
in response to 40 μg/d of menaquinone-7 supplementation
for 8 wk (63) and by 17% in response to 360 μg/d
menaquinone-7 supplementation given 3 times/wk (64).
The different dosing regimens (daily vs. 3×/wk) could
explain why dp-ucMGP changed similarly in response to
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very different menaquinone-7 doses. It could also reflect
the measurement variability in the assay, which then
precludes direct comparison across studies in terms of
magnitude of change. To our knowledge, the response of
dp-ucMGP to supplementation with other menaquinone
forms is unknown. Phylloquinone supplementation reduced
dp-ucMGP in generally healthy older adults given 500 μg/d
for 3 y (67) and in patients with asymptomatic or mildly
symptomatic aortic valve calcification given 2000 μg/d for 1
y (68). Collectively, these studies indicate phylloquinone and
menaquinone are capable of carboxylating MGP, which con-
tradicts the claim that MGP carboxylation is menaquinone
dependent (26, 38). However, differences in study design
and supplement dose, combined with concerns about as-
say consistency, challenge the ability to directly compare
the relative change in plasma dp-ucMGP in response to
menaquinone-7 or phylloquinone. Until studies designed to
directly compare the effects of multiple vitamin K forms
on MGP carboxylation are completed, it is premature to
claim menaquinone-7 supplementation is most effective at
lowering plasma dp-ucMGP, as some have indicated (4, 72).

Vitamin K, CVD, and Mortality
Arterial calcification can manifest as intimal and/or medial.
Intimal calcification tends to occur in the coronary arteries
[known as coronary artery calcification (CAC)] and other
large arteries, and is consistent with atherosclerosis (73).
Medial calcification occurs more peripherally and is asso-
ciated with arterial stiffness (74). Both intimal and medial
calcification are associated with an increased risk of clinical
CVD and all-cause mortality (75, 76).

Rodent studies
Early in vivo evidence that vitamin K reduces arterial
calcification is provided by Schurgers et al. (77), who treated
rats with warfarin-induced arterial calcification with either
phylloquinone or menaquinone-4. After 6 wk, the rats
treated with high doses of phylloquinone or menaquinone-
4 had significantly less aortic and carotid artery calcium
compared with rats not treated with vitamin K. Treatment
with either phylloquinone or menaquinone-4 also improved
arterial distensibility, which can be impaired when calcium
accumulates in arterial tissue. There were no reported
differences in arterial calcium content or distensibility
between the rats treated with high doses of phylloquinone
or menaquinone-4, suggesting both forms were similarly
capable of reducing arterial calcification and improving
distensibility.

Observational studies
Multiple scientific reviews focused on vitamin K and CVD
have concluded that menaquinones are uniquely cardiopro-
tective (4, 26, 35, 38, 72, 78). This conclusion is based primar-
ily on the results of observational studies that reported higher
dietary menaquinone intake was associated with a lower
risk for CVD, whereas phylloquinone intake was not (79–
81) (Table 3). In one analysis of the European Prospective

Investigation into Cancer and Nutrition (PROSPECT-EPIC)
cohort, a 10-μg/d increase in energy-adjusted menaquinone
intake was associated with 8–9% lower risk for coronary
heart disease (CHD) (80). Menaquinones-7 through -9
were identified as key contributors to the lower CHD
risk associated with menaquinone intake. Phylloquinone
intake was not associated with CHD risk. In a subsequent
analysis that included PROSPECT-EPIC participants, neither
phylloquinone nor menaquinone intake was associated with
all-cause or CVD-specific mortality (82). These studies
used food-frequency questionnaires (FFQs) to estimate
phylloquinone and menaquinone intakes. While FFQs are
commonly used to estimate dietary intakes in population-
based studies, they require validation because an FFQ with
low validity can lead to erroneous diet–disease associations
(83). The relative validity of the Dutch-EPIC FFQ compared
with intakes estimated by monthly 24-h dietary recalls
over 1 y was low for phylloquinone and menaquinones-
4 through -6 (84), which is a limitation to these studies
(79–82). The limited characterization of menaquinones in
the food supply challenges quantifying menaquinone intake
in population-based studies, which further challenges the
results of these studies (79–82). Currently, more is known
about the menaquinone contents of dairy foods compared
with the menaquinone contents of other food groups (5, 10,
12, 85). It is therefore plausible that the reported associations
of menaquinone intake with CVD may reflect general health
benefits of dairy foods.

In the Prevention with Mediterranean Diet (PREDIMED)
cohort, baseline phylloquinone, but not menaquinone, intake
was associated with a 36% lower risk for all-cause mortality
over 4.8 y of follow-up (86). Neither baseline phylloqui-
none nor menaquinone intakes were associated with CVD
mortality. Longitudinally, participants who increased their
phylloquinone or menaquinone intake during follow-up
had a 35–37% lower risk for all-cause mortality compared
with those who decreased or did not change their intake.
Those who increased their phylloquinone intake also had a
38% lower risk of CVD mortality risk (86). The validity of
the PREDIMED FFQ for phylloquinone and menaquinone
intakes was evaluated relative to four 3-d dietary records, but
data quantifying the relative validity are not provided (86).
Phylloquinone intakes estimated using FFQs were consis-
tently higher than when estimated using a 5-d diet record
(87, 88), which may reflect overreporting of vegetables when
an FFQ is used, as previously reviewed (89). In 2 separate
US cohorts, phylloquinone intake and plasma phylloquinone
concentrations were positively correlated when intakes were
<200 μg/d, but not when intakes exceeded 200 μg/d (89,
90). This suggests that an FFQ may not accurately capture
phylloquinone intakes in regions where the intake typically
exceeds 200 μg/d (79–81, 86). An additional limitation to
studies linking vitamin K to CVD, mortality, and/or other
health outcomes based on dietary phylloquinone intake is
residual confounding. Phylloquinone is found primarily in
green-leafy vegetables and plant oils; thus, phylloquinone in-
takes reflect healthy diets and lifestyles (91, 92). Adjustment
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for independent healthy diet and/or lifestyle characteristics
could minimize this residual confounding, but it is unlikely
to be completely eliminated.

When information on nutrient content of the food supply
is limited, as is the case with menaquinones, biomarkers
of nutrient status are often used as an indicator of intake
(110). Some research groups have reported measurement of
circulating menaquinones in general and clinic-based pop-
ulations (111–113). In patients with chronic kidney disease,
lower concentrations of menaquinone-4 and menaquinone-
7 were associated with significantly higher odds of aortic
artery and iliac artery calcification, respectively, and low
menaquinone-5 concentrations were found to be associated
with lower odds for abdominal aorta calcification (111).
However, the assays used in these studies (111–113) were
not validated using external quality-assurance programs.
External quality-assurance programs are vital to ensure
analytical reliability of in-house assays. A vitamin K exter-
nal quality-assurance scheme (KEQAS) program has been
available for circulating phylloquinone assays since 1996
(18). Recently similar schemes for circulating menaquinone-
4 and menaquinone-7 have also become available through
KEQAS (114), although currently 75% fewer laboratories
participate in the menaquinone-4 and -7 schemes compared
with the phylloquinone scheme. Quality-assurance schemes
for assays that measure other menaquinone forms in cir-
culation are not available. Moving forward, the rigor of
studies linking circulating phylloquinone, menaquinone-4,
and menaquinone-7 to CVD and other health outcomes
will be strengthened by laboratories participating in KEQAS
to ensure assay validation. Ideally, KEQAS participation
should be reported in all scientific reports of circulating
phylloquinone, menaquinone-4, and menaquinone-7 as well.

A limited number of studies have evaluated the associa-
tion of circulating phylloquinone with CVD and mortality
(96–99) (Table 3). Moreover, the laboratory that measured
circulating phylloquinone in these studies participates in KE-
QAS. In a cross-sectional analysis of Dutch postmenopausal
women, higher plasma phylloquinone was associated with
a higher prevalence of coronary calcium (96). However,
the plasma samples in this study were not obtained in a
fasted state and triglyceride measures were unavailable. This
is a notable limitation because circulating phylloquinone
concentrations peak 6–10 h postprandially (115) and cir-
culating phylloquinone is transported on triglyceride-rich
lipoproteins (116). In order for circulating phylloquinone
to better reflect vitamin K nutritional status and minimize
confounding by triglycerides, it is optimal to measure from
fasting samples and/or adjust for triglycerides statistically.
In 2 US cohorts, low serum phylloquinone (measured from
fasting samples) was associated with a higher odds for
CAC progression (97) and incident CVD (98) (adjusted
for triglycerides) in adults treated for hypertension but
not in those not treated for hypertension. However, more
recently, this finding was not replicated in a participant-level
meta-analysis of 3 US cohorts. In this study, participants
with circulating phylloquinone <0.5 nmol/L had a 19%

higher risk for all-cause mortality compared with those with
concentrations >1.0 nmol/L, while the risk for incident
CVD did not significantly differ according to circulating
phylloquinone (99). The association of circulating phyllo-
quinone with CVD or mortality did not differ according
to hypertension or other CVD risk factors. There were
fewer CVD events than deaths in these cohorts, so it is
possible the study was underpowered to detect a significant
association with incident CVD. Alternatively, the all-cause
mortality outcome may better reflect the range of morbidity
associated with worse systemic vascular health than incident
CVD (99). There is currently no established threshold to
define sufficient or insufficient vitamin K status based on
circulating phylloquinone. When the Institute of Medicine’s
recommended intakes are met, circulating phylloquinone
approximates 1.0 nmol/L, so concentrations <0.5 nmol/L
would reflect intakes that are less than half of the AI (2, 117).
Given the overall paucity of data, future research is needed
to identify a threshold of circulating phylloquinone below
which the putative risk for CVD and/or mortality increases.

The association of the different circulating MGP forms,
including plasma dp-ucMGP, with vascular calcification and
CVD is variable, as reviewed by Barrett et al. (118). In
several population- and clinic-based studies, plasma dp-
ucMGP was positively associated with vascular calcification,
arterial stiffness, and/or CVD (54, 58, 100, 103, 104, 119),
while others reported no association (98, 105, 120) (Table 3).
The amount of dp-ucMGP in circulation depends, in part, on
the total amount of MGP available (67). Unless dp-ucMGP
is corrected for total MGP, it may not only reflect vitamin K
status but also the amount of MGP synthesized in vascular
(and other) tissues. Because the assays that measure dp-
ucMGP and total MGP are on different platforms, plasma
dp-ucMGP is rarely corrected for total MGP concentrations.
Therefore, it may be inaccurate to attribute associations of
dp-ucMGP with CVD and other health outcomes entirely to
vitamin K insufficiency.

Intervention Studies
The reported positive association of dp-ucMGP with vascu-
lar calcification (54, 58, 100, 103, 104, 119) and reduction
in plasma dp-ucMGP with vitamin K supplementation (61–
68) provides the basis for the premise that reducing dp-
ucMGP with vitamin K supplementation is cardioprotective.
Nine randomized controlled trials (RCTs) have tested the
effect of vitamin K supplementation on surrogate measures
of CVD, as recently reviewed (121). Seven of these trials
evaluated vascular or valvular calcification as outcomes and
also reported changes in dp-ucMGP (49, 66–68, 69, 122–
124). In each of the trials, a significant treatment effect
of vitamin K in decreasing concentrations of dp-ucMGP
was observed. In an RCT of type 2 diabetics, 360 μg/d
menaquinone-7 supplementation for 6 mo reduced plasma
dp-ucMGP, as expected, but did not reduce CAC or femoral
artery calcification measured using sodium fluoride positron
emission tomography (18F-NaF PET) (66). Moreover, these
investigators noted a nonsignificant increase in the femoral
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artery target-to-background ratio evaluated using 18F-NaF
PET, indicative of more calcification, in the menaquinone-7–
treated group. Despite the randomization, the menaquinone-
7 group had more vascular calcification at baseline, which
might have influenced the outcome (66). In a 3-y interven-
tion in postmenopausal women, 180 μg/d menaquinone-7
reduced dp-ucMGP and, among women with worse baseline
stiffness, improved the arterial stiffness index, but not pulse-
wave velocity [PWV; the gold-standard measure of arterial
stiffness (125)] (69). The association between change in
stiffness index and change in dp-ucMGP was not reported.
Similarly, no impact of menaquinone-7 supplementation was
found on the change in PWV over 6 mo in elderly Scottish
participants (122) or Dutch hemodialysis patients treated
with rivaroxaban (123), despite significant reductions in dp-
ucMGP concentrations reported in both studies. In an open-
label trial of hemodialysis patients, 200 μg/d menaquinone-
7 supplementation for 1 y reduced plasma uncarboxylated
MGP (ucMGP)but had no effect on aortic calcification
(49). Given the high burden of vascular calcification in this
patient population, it is possible the menaquinone-7 dose
and corresponding reduction in ucMGP was not enough
to slow CAC progression (69). In generally healthy older
men and women, 500 μg/d phylloquinone supplementation
for 3 y reduced plasma dp-ucMGP (by 79%) and slowed
CAC progression among participants who were adherent
to the intervention. However, the change in dp-ucMGP
was not predictive of the change in CAC (67, 124). In an
open-label trial, 2000 μg/d phylloquinone for 1 y reduced
dp-ucMGP and slowed the progression of aortic valve
calcification in mild and moderately symptomatic patients
(68). It was not reported whether the change in dp-ucMGP
and change in aortic valve calcification were associated. Some
have suggested reducing dp-ucMGP with menaquinone-7
supplementation would be “beneficial for the prevention of
future cardiovascular events” (72). However, the available
evidence, albeit limited, does not support this premise at this
time. The results of available phylloquinone trials, which are
also limited in number, suggest there may be a beneficial
effect of phylloquinone supplementation on vascular or
valvular calcification (68, 124). No trials have tested vitamin
K supplementation on CVD events or mortality, so clinical
relevance remains uncertain. Future studies designed to
compare the effects of phylloquinone and menaquinone
on vascular calcification and related CVD and mortality
are needed to clarify whether the vitamin K forms have
differential effects on cardiovascular health. Until such
studies are completed, claims that menaquinone-7 is superior
to phylloquinone in this regard are misleading (4, 26, 35, 72).

Based on the available evidence, lowering plasma dp-
ucMGP does not appear to correspond to reductions in
arterial calcification (49, 66, 67, 124). This suggests the
mechanisms underlying vitamin K’s role in vascular calcifi-
cation are not fully explained by plasma dp-ucMGP. Arterial
calcification is a complex process and it is possible that a
single measure obtained from plasma does not reflect what is

happening at the tissue level. There are alternate mechanisms
through which vitamin K may be involved in cardiovascular
health [e.g., inflammation (126–128)], which would not be
captured by plasma dp-ucMGP. There are also limitations
to the sole use of dp-ucMGP as a biomarker of vitamin K
status, as reviewed in detail elsewhere (89), that should be
considered. The concentration of plasma dp-ucMGP that
reflects suboptimal function has not been established (129),
so it is unclear how low dp-ucMGP should be to confer
protective effects. Some have described dp-ucMGP as “the
best single biomarker of vitamin K deficiency” (130). There
is currently no single biomarker of vitamin K status that
is considered a gold standard. Circulating phylloquinone
and dp-ucMGP both change in response to vitamin K
intakes but appear to reflect different aspects of vitamin
K metabolism and function with respect to cardiovascular
health. The scientific evidence on vitamin K and CVD
and mortality would be strengthened by studies that esti-
mate vitamin K status using multiple vitamin K biomark-
ers, or biomarkers in combination with dietary intake
(89).

Conclusions
The biological plausibility for a protective role of vita-
min K in CVD and mortality is based on the presence
of VKD proteins in vascular tissue that inhibit vascular
calcification—when they are carboxylated, which requires
vitamin K. Phylloquinone and menaquinone forms are
capable of carboxylating VKD proteins. Recent claims have
been made that menaquinones, particularly menaquinone-
7, have “profound” cardiovascular health benefits, compared
with phylloquinone (4, 26). This claim is based primarily
on the results of observational studies (79–81), which are
inherently limited and have not been fully supported by
intervention trials (49, 66, 69, 122, 123). While the results of
2 trials suggest a beneficial effect for phylloquinone (68, 124),
there are limitations to these trials that preclude claiming
a cardioprotective role for phylloquinone at this time. Not
unlike nutrition research overall (131), vitamin K research is
facing challenges because conclusions have been drawn that
are not based on rigorously designed studies. Science is self-
correcting. Current misconceptions about vitamin K can be
addressed with rigorously designed and reproducible studies
that are designed to test and compare the effects of different
vitamin K forms on cardiovascular health and other health
outcomes.
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