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Abstract

This chapter reviews the physiological and cellular functions of vitamin K in
the cardiovascular system based on the latest pre-clinical and clinical evidence.
Vitamin K belongs to a family of structurally similar fat-soluble vitamins, actively
required by the body for the synthesis of essential proteins as well as regulate blood
clotting, bone metabolism and calcium level. The authors emphasize the quintes-
sential association between dietary vitamin K2 and cardiovascular diseases shown
in various studies. The association, through the vitamin K - dependent hormones,
plays a primary role in regulating calcification of different cell types, especially their
role in calcification of the vascular endothelial cells. The consequences of vitamin K
deficiency in the vascular system are unfavorable, shown in various clinical studies
on statins - well-known inhibitors of vitamin K production in the body. New clinical
insights suggest that vitamin K levels in the body and its dietary supplementation play
a crucial role in cardiovascular disease prevention. There is negative influence of these
antagonist’s pate in vascular composition and functions. Therefore, there is a need
for prospective studies to make more in-depth exploration and increase the current
understanding of this critical relationship to confidently apply such knowledge to
prevent cardiovascular diseases and improve their outcomes.

Keywords: Vitamin K, hormone, heart, cardiac disease, vascular system, gene
expression, statin

1. Introduction

Vitamin K applies to fat-soluble vitamins, which are similar in structure and
essential in the blood coagulation process and to control the calcium mineral bind-
ing in bones and other tissues. The discovery of vitamin K can be attributed to the
observations of a high incidence of bleeding in chickens on a low-lipid diet during
the 1930s [1]. Until the 1970s, it was believed that vitamin K was essential exclusively
for homeostasis, maintaining an adequate blood supply, and preserving vascular
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integrity in animals and humans. Today, we know that vitamin K is involved in
gamma-carboxylation as a co-factor in several essential proteins located within the
bone, heart, and blood vessels. Moreover, only in the presence of vitamin K, specific
essential proteins called vitamin K-dependent proteins (VKDPs) are able to switch
from inactive uncarboxylated forms to active carboxylated forms. Vitamin K allows
switching VKDPs to their active states by the carboxylation of VKDPs glutamic

acid (Glu) residues in specific tissues and organs [2]. VKDPs include seven proteins
involved in blood coagulation (coagulation factor II, VII, IX, and X, and anticoagu-
lant proteins C, S, and Z); proteins responsible for bone mineralization (osteocalcin
(OC) and matrix gamma-carboxyglutamic acid (Gla)-protein (MGP)); and recently
discovered proteins, including growth arrest-specific gene 6 (Gas-6), the transmem-
brane Gla proteins (TMG3 and TMG#4), the proline-rich Gla proteins (PRGP1 and
PRGP2), the Gla-rich protein (GRP), periostin and transthyretin [3-7]. In nature,
there are two main variants of vitamin K: phylloquinone (or vitamin K1) can be found
in some green vegetables, and menaquinone (or vitamin K2) can be found in some
meat, fermented milk, and fermented soybean products. Structurally, vitamers differ
in their degree of saturation and side-chain lengths; vitamin K2 is more biologically
active than vitamin K1 and circulates longer in the body [8]. Cardiovascular diseases
(CVDs) comprise a group of disorders affecting the heart and blood vessels that cause
conditions such as coronary heart disease (CHD) and cerebrovascular disease, which
affect the blood vessels that supply the brain [9]. In recent years, numerous physi-
ological studies have pointed out the critical role of vitamin K as an anti-vascular
calcification (VC) factor. VC is recognized as an autonomous and prominent risk
factor for CVDs, and several human observational studies have shown a positive
correlation between low vitamin K supplementation and VC [10, 11]. Meta-analysis
studies showed that patients with regular dietary of vitamin K showed significantly
less VC while maintaining vascular stiffness compared with patients with no vita-
min K supplementation [12]. In this chapter, we will cover the following topics: the
importance of dietary vitamin K; physiological functions of vitamin K beyond blood
coagulation; vitamin K-dependent hormones; physiological and protective roles of
vitamin K on cardiovascular (CV) processes; cellular and molecular mechanisms of
vitamin K in the vascular cells and whether vitamin K promotes or encounters statins.

2. The importance of dietary vitamin K in CVD

Vitamin K is vital for healthy bones and the heart and increases blood clotting.
Although a deficiency of vitamin K is not common, its deficiency may affect the
body over time. Bleeding and weak bones, as well as higher CV risks, are some
consequences of vitamin K deficiency [13, 14]. Hence, vitamin K intake must not
be ignored. Usually, the daily value (DV) of 120 mcg of vitamin K is sufficient in
adult males and less than this in females and children (Table 1) [17, 18]. Vitamin K
can be in both forms in our diets, where phylloquinone can be sourced from leafy
green vegetables, and menaquinone can be sourced from animal-based food that
includes meats, fermented dairy, fermented soybeans, and dietary supplements [19].
Vitamin K2 is also available on the market in the form of synthetic menaquinone-4
(MK-4) and menaquinone-7 (MK-7) in natural or synthesized form. Naturally, in
animals, MK-4 is more commonly produced, while MK-7 (as well as MK-5 to MK-14)
is made by bacteria. Many animals can convert vitamin K1 to vitamin K2 (MK-4).
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Type of product Amount of Vitamin K2 (mcg/100 g) % of daily value (120mcg) Ref.
Ground beef 94 8 [15]
Beef liver 106 88 [15]
Beef kidney 5.7 5 [15]
Chicken 60 50 [15]
Chicken liver 13 11 [15]
Duck breast 5.5 5 [15]
Goose liver 369 308 [15]
Pork chops 69 57 [2]
Pork liver 7.8 7 [2]
Bacon 35 29 [2]
Eggs 1 1 [16]
Whole milk 9 8 [3]
Fish ‘1 1 [3]
Table 1.

Amount (% of daily value) of vitamin K2 in 100 g of animal products that prevent insufficiency in man.

Vascular health can be improved by ensuring the consumption of sufficient amounts
of vitamin K2. Vitamin K2 stimulates MGP, which prevents calcium from depositing
inside the vessel walls. When calcium is not deposited in the arteries, it offers dual
benefits of clear arteries as well as the availability of calcium for various functions in
the human body [20]. Presently, MGP is found to be highly effective for the modula-
tion of arterial calcification. Although MGP binds calcium to protect calcification
within blood vessels, it needs to be first activated via an adequate dose of vitamin

K2 [20]. A total of 4807 healthy individuals from both genders with ages above 55
were involved in a population-based study conducted in Rotterdam. The study aimed
to investigate the impact of dietary intake of vitamin K on calcification within the
aorta, CVDs, and all-cause mortality [21]. It was found that the risk of calcification
within the arteries and CVDs were reduced by half, while the all-cause mortality
risk was reduced by one-quarter as a result of a higher dietary intake of vitamin K2
(minimum daily intake of 32 pg) instead of vitamin K1 [22]. Another population-
based study that involved 16,000 healthy females with ages between 49 and 70 was
conducted; this study showed corresponding results. The study participants were
selected from the cohort population of the European Prospective Investigation into
Cancer and Nutrition (EPIC) study [23]. The data obtained from the study depicted
that vitamin K2 instead of vitamin K1 had to be consumed in high quantities to
prevent CV disorders. The data revealed that there was a 9% reduction in the risk

of CHDs with every dose of 10 pg of vitamin K2 (taken as MK-7, MK-8, and MK-9).
In the Netherlands, ultrasound and pulse wave velocity methods were utilized by
the researchers working at the research and development (R&D) Group Vita K of
Maastricht University to study 244 healthy postmenopausal females [23]. The sub-
jects were observed for three years. Some of the subjects were administered a dose
of vitamin K2 (180 pg) in the form of MK-7 (as MenaQ7 from NattoPharma), while
some of the participants were given a placebo capsule every day for three years [22].
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This was conducted on a random basis. At the end of the treatment, the group given
vitamin K2 supplementation demonstrated a steady decline in stiffness index than
the placebo group that showed a slight rise in the index. The study outcomes showed
the positive impact of MenaQ7 on vascular health by enhancing vascular elasticity

in females with stiff arteries and by suppressing age-related artery-wall stiffening.
The researchers also found that the CV conditions improved as the subjects were
administered a nutritional dose of vitamin K2 in the form of MK-7 (as MenaQ7).
Moreover, if vitamin K2 is taken on a daily basis, there is a high chance of preventing
the hardening of arteries [23, 24].

3. Vitamin K-dependent hormones

The growing clinical evidence suggests that regular vitamin K supplementation
may improve bone structure, prevent VC, improve the body’s sensitivity to the insulin
hormone, which increases the life expectancy and treatment outcome in patients [25].
In the past ten years, more evidence has been published supporting the hypothesis
that vitamin K2 should be considered a hormone. Vitamin K2 was found to activate
many genes directly and indirectly by binding to the intranuclear receptor SXR,
activating sirtuins and/or histone deacetylases (HDACs) responsible for cell-type
determination and specific cell functions [26]. A study by Lanham et al. on rats and
their offspring explored the effect of a high-fat diet on bone development and vascu-
lar development, particularly the role of VKDPs, including Gas-6, MGP) and OC [27].
The study also shows the importance of proper nutrition during pregnancy. During
the study, the team observed increased levels of Gas-6 proteins, increased expres-
sion of the gene responsible for vitamin K-dependent gamma-glutamyl carboxylase
(GGCX) in the cardiovascular tissues, while decreased levels of MGP in the femoral
bones of female offsprings of high-fat dietary fed mothers [27]. The osteoblastic
synthesis gives rise to OC production, deposited into bone or released into circula-
tion, giving the histological measures of bone formation. OC’s structure is greatly
affected by vitamin K-dependent Gla residues, resulting in bone mineral maturation.
The circulating uncarboxylated OC (unOC) levels have been applied as biomarkers
for vitamin K deficiency and correlated with age-related bone loss. In animals, in-vivo
and in-vitro tests have revealed unOC as an active hormone affecting glucose metabo-
lism; however, the results are inconclusive on human levels and need to be inves-
tigated further [28]. Post-translational GGCX enzymes detected both hepatically
and extrahepatically are critical for the functionality of Gla residues in VKDPs. OC
(bone-derived protein) has been associated with energy metabolism as the skeleton
system has been considered an endocrine organ [29]. Via molecular mechanisms, OC
mediates vitamin K positive effects, improves insulin resistance, lipid, and glucose
profiles. OC is also detected by insulin to regulate bone mineralization. It has been
hypothesized that normal VKDP carboxylation is an essential step in the prevention
of vascular endothelial calcification [30]. Vitamin K2 has been found to affect bone
and CV health. A study of the vitamin K2 homolog MK-7 found that serum levels
increased, as evidenced by healthy Japanese women, who supplemented their diet
with MK-7, which can be particularly important for extrahepatic tissue health [31].

In a study of the murine model, the importance of the vitamin K-dependent MGP on
the inhibition of extraskeletal calcification was suggested. With a high dose dietary
supplementation of MK-7, the induced VC was inhibited, and the aortic alkaline
phosphatase tissue concentration was reduced [32].
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4. Molecular mechanism of vitamin K-dependent calcification on vascular
system

Carboxylation is one of the post-translational modifications on proteins and is
essential for the activity of VKDPs. The activation of VKDPs, which includes coagula-
tion factors, OC, MGP, Gas-6, GRP, and periostin, is achieved by carboxylation of the
proteins’ Glu residues [33, 34]. The carboxylation of VKDPs happens in the case of an
abundance of vitamin K, which is required for the activation of the GGCX enzyme
(Figure 1) [35]. This enzyme adds carboxyl groups on Glu residues of VKDPs and
converts them to Gla (Figure 2) [35]. This conversion enables the Gla residues to
capture free Ca** ions that are circulating in the vascular system [36, 37]. For instance,
there are five Glu residues on MGP, which is the only protein known as an inhibitor of
arterial calcification. The Glu residues on the protein are carboxylated and converted
to Gla, the active form of the protein. Without being activated, MGP is unable to hold
free Ca®* ions, which are eventually deposited in the vascular system and cause VC,
such as calcium deposits and atherosclerotic plaques (Figure 3) [38, 39]. After the

Vitamin K-dependent carboxylation

-
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(carboxylation of 5 glutamate residues on MGP by
gamma-glutamyl carboxylase (GGCX). Vitamin K is

acting as the coenzyme
@ = glutamate residues (Glu) 9 y ) ® = gamma-carboxyglutamate residues (Gla)

Inactive MGP p-ucMGP { Active MGP dp-cMGP*
dp-ucMGP 4 p-cMGP *
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Figure 1.

Vitamin K-dependent post-translational carboxylation of MGP protein.
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Figure 2.
General overview of vitamin-K induced activation of VKPDs.
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Vitamin K deficiency Vitamin K sufficiency
Increased arterial rigidity Elastic and soft arteries
Hardened arteries No calcium deposition

Calcium deposition
Narrowed coronary artery

Endothelium

Calcium deposits
or atherosclerotic plaque

Figure 3.
The consequences of vitamin K deficiency in vascular system.

inflammation and hyperlipidemia, the soft-tissue mineralization phenomena occur
in vascular smooth muscle cells (VSMCs), leading to their hardening and differentia-
tion into osteoblast-type cells [40]. In addition to the mineralization phenomena, it
has been hypothesized that active forms of MGP proteins may attach to the calcified
crystals in the vasculature resulting in apoptotic bodies and vesicles. Another assump-
tion is their potential to hinder VSMCs’ trans-differentiation into an osteogenic
phenotype [34, 41, 42]. A three-year clinical study by Shea et al. with 229 patients
who were routinely given dietary vitamin K versus 223 patients in the placebo group
showed that the addition of dietary vitamin K significantly correlated with decreased
levels of calcium in coronary arteries [43]. In addition to carboxylation, post-
translational phosphorylation of serine residues occurs on MGP. The enzyme casein
kinase adds phosphate groups on three serine residues, regulating the secretion of
protein into the extracellular matrix [44]. The unique relationship among circulating
MGP forms, aortic stiffness, and arterial calcification was proposed in a recent article
by Roumeliotis et al. [37]. The study has shown that more than one form of the MGP
protein can be detected in the circulation and extracellular matrix governed by the
degree of carboxylation and phosphorylation of the protein (Figure 1) [37].

5. Statins effect on vitamin K2 function

Statins, or more precisely, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase-inhibiting molecules, are a family of molecules that interfere with
cholesterol synthesis and induce the uptake of the low-density lipoproteins (LDLs)
in the body [45]. Available as a prescription since 1987 [46], statins today are one
of the most commonly prescribed medications worldwide [47]. However, some
researchers are starting to suggest that physicians may be overprescribing statins to
their patients [48-50]. A recent study published in the Annals of Internal Medicine
journal found that the statins’ potential side effects seem to outweigh the benefits
for people whose 10-year CVD risk is approximately 7.5-10% [51]. The United States
Food and Drug Administration’s consumer update from 2017, named “Controlling
Cholesterol with Statins,” states that statins have been linked to associated muscle
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symptoms and a high chance of developing type 2 diabetes in patients [52]. It seems
crucial to understand the exact phenomena behind statins’ mechanism of action and
clarify the medical community’s created bias [53]. One potential explanation is given
by the Kinjo Gakuin University group led by Harumi Okuyama, who suggests that
statins may have an essential role in the increased probability of developing diabetes
and arteriosclerosis [54] via the inhibition of vitamin K2 synthesis [55]. Researchers
have indicated that statins may inhibit vitamin K2 production via the inhibition of
geranylgeranyl diphosphate (GGPP) synthesis by HMG-CoA reductases (Figure 4)
[56]. Some authors hypothesize that prolonged HMG-CoA reductase suppression by
chronic statins treatment could adversely affect patients by diminishing the vita-
min K2 supply to their bodies [56]. This phenomenon may be an essential factor in
diabetes, atherosclerosis, and osteoporosis causation. The recently aggregated data
from available randomized controlled trials and observational studies suggest a 10 to
45 percent higher risk of new-onset development of diabetes mellitus type 2 in statin
patients than non-users [57]. Studies have shown that postmenopausal women taking
statins are 150% more likely to develop type 2 diabetes [58]. In a large clinical study
(n = 2,142), Cederberg et al. show a 46% increase in the risk of developing diabetes
alongside decreased insulin secretion and overall body sensitivity to insulin [59].
Furthermore, particular varieties of statins—simvastatin and atorvastatin—showed
a dose-dependent effect on insulin sensitivity and its secretion in patients [60].
These clinical observations may collectively suggest a relationship between statins’
inhibition of Vitamin K2 and GGPP production and statins’ influence on insulin

Acetyl-CoA
v
HMG-CoA
Statins ] < HMG-CoA Reductase Vitamin K1
v
Mevalonate
v
Vitamin K3
v
Isopentenyl-PP —— Geranylgeranyl-PP ——
I v
Vitamin K2
v
Farnesyl-PP
Lanosterol
v
Cholesterol
Figure 4.

Statins and vitamin K2 related biochemical pathways. Statins inhibit HMG-CoA reductase in the mevalonate
pathway. Gevanylgeranyl-PP is essential for the synthesis of vitamin K2 from vitamin Ki.
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synthesis, secretion, and sensitivity. Insufficient levels of vitamin K2 may be linked to
atherosclerosis and other CVDs [61]. In the large population-based Rotterdam study
(n = 7,983 men and women, age > 55 years), Geleijnse et al. report a positive correla-
tion between the reduced risk of CHD with regular dietary consumption of vitamin
K2 [59]. The authors hypothesize the link between the depletion of vitamin K2 levels
and severe coronary artery calcification in patients.

Several clinical studies have demonstrated that administering vitamin K2 (but not
vitamin K1) was an effective method of osteoporosis fracture prevention in patients
[62, 63]. Studies have shown that vitamin K2 up-regulates bone markers’ expression
and sustains lumbar bone mineral density in patients [63]. Pre-clinical and clini-
cal evidence shows that statins may have an essential role in reducing the supply of
vitamin K2 to the tissues through the body. Additional studies are required to explore
the mechanisms for statin-associated diseases that were identified in pre-clinical and
clinical studies, including diabetes, atherosclerosis, osteoporosis, chronic kidney
disease, and cancer, and the effects of the various types of statins on the vitamin K2
synthesis, delivery, and accumulation in the body.

6. Physiological roles of vitamin K on CV functions

There is growing preclinical and clinical evidence of the crucial role of vitamin K
in VC prevention [64]. Several VKDPs are regulated by vitamin K share entirely Gla,
which is the remarkable amino acid produced by the posttranslational modification of
the vitamin K-mediated enzyme GGCX [65]. The prothrombin molecule is carboxyl-
ated at ten glutamyl residues to produce the active form of prothrombin. These Gla are
deposited at the amino-terminal domain of all VKDP, which share a common amino
acid sequence [66]. Studies have shown that Gla also regulates calcium due to the
placement of Gla in calcium-binding sites of the protein [67].

Available literature has limitations regarding the average requirement of vitamin K
for normal homeostasis. In 2001, the United States Pharmacopeia Health and Medicine
Division established adequate intake (AI) values based on median intake values
reported by the National Health and Nutrition Examination Survey (NHANES) III;
the Al value for vitamin K1 was set to 90 pg/dl for adult females and 120 pg/dl for adult
males [67, 68]. This study does not advocate that this concentration of vitamin K will
be enough to maintain the carboxylation of VKDPs. Undercarboxylated, biologically
inactive Gla proteins are caused by vitamin K deficiency, resulting in the synthesis of
calcification, which is considered a risk factor for VC and CVD [67, 68].

CVD is a cluster of abnormal conditions, such as CHD, and influences the func-
tions of the heart and blood vessels that supply blood to various parts of the body
[69]. Heart diseases and stroke are the primary causes of death and disability world-
wide. According to the American Heart Association 2020 report, the age-adjusted
death rate of CVD is 219.4 per 100,000, which means that someone is dying of
CVD every 37 seconds, with a total of 2,353 deaths from CVD each day in the U.S.
Consistent with these data, there are approximately 795,000 new or recurrent strokes
each year, as well as approximately 401 deaths from stroke each day, based on data
for previous years [70]. CVD-related diseases, such as angina, carotid artery diseases,
and peripheral artery diseases, are characterized by the formation of fatty deposits
in the arteries, which is known as atherosclerosis. These deposits consist of calcium,
cellular waste products, fatty substances, cholesterol, and fibrin (a clotting material
in the blood), which ultimately leads to narrowing and blockage of the arteries and
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reduced blood flow to the heart muscle. Studies have shown that lifestyle, healthy
diets, vitamins, and physical activity may have a potential role in preventing the
development of CVD [71, 72].

There is compelling evidence that vitamin K is involved in various biological
processes in the body and mediates anti-calcification, anti-cancer, bone-forming,
and insulin-sensitization effects, and plays a vital role in the prevention management
of CVD (Figure5) [72]. It has been reported that vascular deficiency of vitamin K
can lead to CVD by increasing calcium deposition and coronary artery calcification
because vitamin K-synthesized osteocalcin and MGP strongly inhibit VC by regulat-
ing bone metabolism. Previous studies have shown a strong association between
reduced intake of vitamin K and the development of coronary calcification, advocat-
ing that adequate vitamin K intakes can prevent CVD [73, 74]. The involvement of
vitamin K in VC by the carboxylation of MGP has been confirmed in various animal
studies that; MGP-knock out mice died within two months due to VC-induced
rupturing of blood vessels followed by short stature, osteopenia, and fractures [75].
Sweatt et al. hypothesized that in rodents, a specific calcium-mediated and vitamin
K-dependent Gla region in MGP protein is involved in binding bone morphogenetic
protein-2 (BMP-2) that may link the age-related arterial calcification and low carbox-
ylation of MGP [76]. Vitamin K antagonist warfarin has been shown to antagonize
vitamin K-dependent carboxylation of MGP, leading to extensive VC [77]. However,
vitamin K intake can suppress arterial calcification after treatment with warfarin in
rats [78]. VKDPs, such as MGP and Gas-6, have the ability to protect the vasculature
and have an essential role in blood coagulation by preventing tissue calcification and
cell death in VSMCs and arterial vessel walls [79]. Several clinical observational stud-
ies have hypothesized that chronic dietary supplementation of both vitamins K1 and
K2 may negatively correlate with risks of VC and CVD [79].

BMP-2 ﬂ

Vascular ——  MGP  (—— Protein C

Prothrombin factor 11
Factors VII, IX, X

smooth Gas6 Protein S
muscle Protein Z
CVD

Myocardial infarction
Myocardia fibrosis
Improvement in vasculature
Coronary artery diseases

Figure .

A model showing the therapeutic potential of vitamin K against various cardiovascular diseases (CVD). MGP
and Gasé are vitamin K dependent proteins, which are activated by carboxylation. Subsequently, Gasé exerts

inhibitory effects on the apoptosis of endothelial cells and VSMCs, thus preventing angiosteosis and protecting

blood vessels and improved various heart diseases.
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Additionally, subtypes of vitamin K2 (MK4 to MK9) have been examined in the
Prospect-EPIC cohort, which consists of 16,057 women, aged 49-70 years old with no
history of CVD [79]. This study concluded that a high intake of menaquinones (MK7,
MKS8, and MK9) could protect against CVD. However, this kind of protection has not
been observed with vitamin K1 (phylloquinone) against CVD in other cohort observa-
tions [79, 80]. Notably, a Nurses’ Health Study conducted with 72,874 female nurses
aged between 38 and 65 years old has confirmed that vitamin K1 and lower risk of CVD
is not significant because vitamin K1 intake may be a substitute marker for a healthy diet
rather than an independent risk factor for CHD [81]. Nevertheless, data from National
Health and Nutrition Examination Surveys examined the data of 5296 individuals with a
minimum age of 50 years and concluded that vitamin K1 shows an independent assess-
ment of high arterial pulse pressure [69]. In another prospective cohort study, 7216
participants were assessed by different types of vitamin K intake and mortality [82].
This study concluded that a high vitamin K intake is linked to the reduced risk of CVD
in a Mediterranean population [82]. Vitamin K has shown promising results against
vascular calcification in vitamin K-deficient individuals. Further research is justified to
explore a relationship between vitamin K supplementation and the prevention of CVD.

7. Therapeutic role of vitamin K

CVD is a public health burden and a serious challenge to the health system
throughout the world. CVD is a leading cause of death globally, with approximately
18 million deaths in 2015; the World Health Organization (WHO) forecasts that
approximately 23.3 million deaths could occur from CVD by 2030 [83, 84]. The WHO
has defined CVD as a “group of illnesses that affect the heart and blood vessels” [83].
These conditions include CHD and cerebrovascular disease. Scientific evidence has
shown that factors related to nutrition have an important role in the development of
CVDs and that these dietary factors may contribute to the differences in the morbid-
ity and mortality from CVD seen in various regions of the world [83].

Different forms of vitamin K exist in the diet sourced from plants and animals
[83, 85-88]. Vitamin K2 is usually a product of bacterial synthesis; however, meat,
dairy, and fermented food products provide a minimal amount of vitamin K-2
[86, 88, 89]. Discovered in 1936, vitamin K has been known as an enzyme co-factor
for the carboxylation of VKDPs [85, 86, 89]. Its key function in the synthesis of
clotting factors in the liver has made the relationship between vitamin K and coagula-
tion of blood a well-known phenomenon; however, recent studies are offering more
insight into the diversity of functions associated with vitamin K [85, 86, 89, 90].
Many disease conditions related to the activities of vitamin K are now being described
[89]. The carboxylation or activation of VKDPs requires vitamin K as a cofactor to the
GGCX enzyme and occurs in the liver [83, 85, 86, 89]. The process converts specific
Glu into calcium-binding Gla residues [86, 89, 90]. The uncarboxylated forms of
the VKDPs are inactive, and carboxylation turns them into active and functioning
proteins [86]. Some of the VKDPs that are carboxylated in the liver include clotting
factors, such as factor II (prothrombin) and factor X [86]. Studies have confirmed
that the process of activation of VKDPs also occurs outside the liver in smooth muscle
cells. The extracellular matrix MGP protein is produced by smooth muscle cells
and inhibits soft-tissue mineralization by binding to ca2+ ions to the vascular walls
[44, 83, 85, 86]. MGP is a VKDP with Gla and serine residues. MGP is activated via
carboxylation of the Gla residues, followed by phosphorylation of the serine residues
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Key Functions of Vitamin K

Include Include
Activation of Vitamin K dependent proteins Activation of Vitamin K dependent proteins
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Carboxylation and Phosphorylation of Matrix Gla Protein
(MGP) Carboxylation of clotting factors
which prevents calcification of blood vessels eg Factor II and Factor X

Figure 6.
Key functions of vitamin K.

[44, 86]. Vitamin K is essential to the carboxylation and phosphorylation of MGP as
the enzyme co-factor [44, 86]. Carboxylation of MGP leads to its structural changes,
which are very important for its ability to bind to calcium crystals [44]. Although
MGP becomes inactivated when there is vitamin K deficiency and leads to VC, a high
intake of vitamin K can reverse conditions [44, 83, 85, 86]. MGP secreted by chondro-
cytes and VSMCs has been shown to inhibit VC and was described as the most potent
natural inhibitor of calcification in the human body [44]. Apart from inhibition

of calcification, MGP has also been recognized as having the ability to reverse the
calcification process [44]. The protection of MGP from VC occurs via its high binding
affinity to new crystals of hydroxyapatite, which prevents their increase within the
vascular wall [44]. MGP also stimulates arterial macrophages, leading to phagocytosis
and apoptosis of the MGP-hydroxyapatite complex (Figure 6).

A sub-optimal level of vitamin K in the body is associated with an increased risk
of adverse health outcomes, especially in adult and elderly populations. Studies have
linked vitamin K deficiency with CVD, insulin resistance, and inflammation, as well
as cognitive impairment [13, 83, 85, 87]. A lack of vitamin K has been shown to lead
to an increased risk of calcification of blood vessels and CVD due to the presence
of nonfunctioning Gla proteins [44, 83, 85, 86]. Vitamin K deficiency may cause
increased calcium deposition in the walls of the blood vessels, leading to calcification
of the coronary artery, and ultimately, CVD [13, 83]. Earlier observational studies
have also established a relationship between low vitamin K intake with calcification
of blood vessels; other observations have suggested that high vitamin K supplementa-
tion in the diet may reduce long-term CVD risks [13, 83, 85]. An increased intake of
dietary vitamin K is also associated with a decrease in the risk of all-cause mortality,
as concluded by a study of a Mediterranean population with a high risk of CVD [83].

8. Vitamin K and inflammation

Inflammation is a recognized contributor to the progression and onset of diseases
related to aging, such as osteoarthritis, CVD, and other similar diseases [85, 89]. The
production of pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-
a), C-reactive protein (CRP), and interleukin-6 (IL-6), has been found to be interfered
by vitamin K. These findings were demonstrated in a cross-sectional study that showed
a relationship among the high levels of vitamin K supplementation, the low levels of
pro-inflammatory cytokines, and diminished inflammation in the body [85, 89]. Leptin
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hormone has a proinflammatory effect, menadione (VK3) has an apoptotic effect in
Hepatocellular carcinoma through inhibiting leptin and through ROS generation which
made VK3 a potential vitamin in preventing hepatocyte survival [91].

9. Conclusion

New insights about the activities of vitamin K and its crucial protective role in CVD
development have emerged. Good association between dietary vitamin K2 and CVD is
now clinically established. The role of inhibitory effect of statins in synthesis of vita-
min K2 should be emphasized. However, there is still a need for prospective in-depth
studies to improve the current understanding of this critical relationship and apply
such knowledge to prevent CVD and improve its outcomes. Research should focus on
understanding the function and regulation of new proteins that enhance or inhibit
vascular calcification as well as the combination of vitamin D with other therapeutic
drugs. Prospective studies may assess the vitamin K status using multiple biomarkers
to provide insight on the relationship of vitamin K to vascular calcification and CVD.

Conflict of interest

All authors declare that there is no conflict of interest.

Author details

Meneerah A. Aljafary’, Hussah Alshwyeh', Nada Alahmadi', Adeeb Shehzad?,
Huseyin Tombuloglu®, Zagit Gaymalov*, Abdelqader Homieda'

and Ebtesam Al-Suhaimi®*

1 Biology Department, College of Sciences, Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia

2 Department of Clinical Pharmacy Research, Institute for Research and Medical
Consultations, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia

3 Genetics Research Department, Institute for Research and Medical Consultations,
Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia

4 Earlystage OU, Tallinn, Estonia
*Address all correspondence to: ealsuhaimi@iau.edu.sa

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

12



Physiological and Cellular Functions of Vitamin K on Cardiovascular Function

DOI: http://dx.doi.org/10.5772/intechopen.99344

References

[1] Dam H. The antihaemorrhagic
vitamin of the chick. The Biochemical
Journal.1935; 29, 1273-1285.

[2] Vermeer C. Vitamin K: the effect on

health beyond coagulation - an overview.
Food Nutrition Research. 2012; 56.

[3] Danziger J. Vitamin K-dependent
proteins, warfarin, and vascular
calcification. Clinical journal of the
American Society of Nephrology:
CJASN.2008;3(5), 1504-1510.

[4] Schurgers, L. J., Uitto, J.,
Reutelingsperger, C. PVitamin
K-dependent carboxylation of matrix
Gla-protein: a crucial switch to control
ectopic mineralization. Trends in
Molecular Medicine. 2013;19, 217-226.

[5] Jaminon, A., Dai, L., Qureshi, A. R.,
Evenepoel, P., Ripsweden, J., S6derberg,
M., Witasp, A., Olauson, H., Schurgers,
L. ]., &Stenvinkel, P. Matrix Gla protein
is an independent predictor of both
intimal and medial vascular calcification
in chronic kidney disease. Scientific
Reports.2020; 10, 6586.

[6] Laurance, S., Lemarié, C. A., Blostein,
M. D. Growth arrest-specific gene 6
(gas6) and vascular hemostasis.
Advances in nutrition (Bethesda,
Md.).2012;3, 196-203.

[7] Xiao, H., Chen, J., Duan, L., & Li, S.
Role of emerging vitamin K-dependent
proteins: Growth arrest-specific protein
6, Gla-rich protein and periostin
(Review). International journal of
molecular medicine.2021; 47, 2.

[8] Booth, S. L., Al Rajabi, A.
Determinants of vitamin K status in
humans. Vitamins and hormones. 2008;
78,1-22.

13

[9] Hartley, L., Clar, C., Ghannam, O.,
Flowers, N., Stranges, S., & Rees, K.
Vitamin K for the primary prevention of
cardiovascular disease. The Cochrane
Database of Systematic Reviews.2015; 9,
CDO011148.

[10] van Ballegooijen, A. J., Beulens, ]J. W.
The Role of Vitamin K Status in
Cardiovascular Health: Evidence from
Observational and Clinical Studies.
Current Nutrition Reports. 2017; 6,
197-205.

[11] Halder, M., Petsophonsakul, P,,
Akbulut, A. C., Pavlic, A., Bohan, F.,
Anderson, E., Maresz, K., Kramann, R.,
&Schurgers, L. Vitamin K: Double Bonds
beyond Coagulation Insights into
Differences between Vitamin K1 and K2
in Health and Disease. International
journal of molecular sciences.2019;

20, 896.

[12] Lees, J. S., Chapman, F. A., Witham,
M. D., Jardine, A. G., & Mark, P. B.
Vitamin K status, supplementation and
vascular disease: a systematic review and

meta-analysis. Heart (British Cardiac
Society).2019;105, 938-945.

[13] Lee, S. E., Schulze, K, J., Cole, R. N.,
Wu, L. S. F, Yager, J. D., Groopman, J.,
Christian, P. and West, Jr., K. P. Biological
systems of vitamin K: a plasma
nutriproteomics study of subclinical
vitamin k deficiency in 500 Nepalese
children. OMICS Journal of Integrative
Biology. 2015; 20, 214 -223.

[14] Booth SL, Broe KE, Gagnon DR,
Tucker KL, Hannan MT, McLean RR,
Dawson-Hughes B, Wilson PW,

Cupples LA, Kiel DP. Vitamin K intake
and bone mineral density in women and
men. American Journal of Clinical
Nutrition. 2012; 77, 512-516.



Vitamin K - Recent Topics on the Biology and Chemistry

[15] Schurgers, L.J., Vermeer, C.
Determination of phylloquinone and
menaquinones in food; effect of food
matrix on circulating vitamin K
concentrations. Haemostasis. 2000;
30, 298-307

[16] Koivu-Tikkanen, T)J., Ollilainen, V.,
Piironen, V.I. Determination of
phylloquinone and menaquinones in
animal products with fluorescence
detection after postcolumn reduction
with metallic zinc. J. Agric. Food Chem.
2000; 48, 6325-6331.

[17] Kamao M, Suhara Y, Tsugawa N,
Uwano M, Yamaguchi N, Uenishi K,
Ishida H, Sasaki S, Okano T. Vitamin K
content of foods and dietary vitamin K
intake in Japanese young women. ] Nutr
Sci Vitaminol (Tokyo). 2007, 53(6):
464-470.

[18] Elder S], Haytowitz DB, Howe J,
Peterson JW, Booth SL. Vitamin k
contents of meat, dairy, and fast food in
the U.S. Diet. Journal of Agriculture Food
Chemistry. 2006; 54, 463-467.

[19] Homeida A. M., Hussein F.M.,
AL-jumaah R.S., Alhaidary M. A.,
Alshaikh M.A., Al-bokhadaim I, Gar
ElnabiA. Serum vitamin k1, a and e levels
in dromedary camels (camelus
dromedaries) with notes on vitamin k1 in

other animals. Journal of Camel Practice
and Research. 2010; 17, 14-18.

[20] Thamratnopkoon S,
Susantitaphong P, Tumkosit M,
Katavetin P, Tiranathanagul K,
Praditpornsilpa K, Eiam-Ong S.
Correlations of plasma desphos-
phorylateduncarboxylated Matrix Gla
protein with vascular calcification and
vascular Stiffness in chronic kidney
disease. Nephron. 2017; 135,167-172.

[21] Geleijnse JM, Vermeer C,
Grobbee DE, Schurgers L], Knapen MH,

14

van der Meer IM, Hofman A,

Witteman JC. Dietary Intake of
Menaquinone is Associated with a
Reduced Risk of Coronary Heart Disease:
The Rotterdam Study. Journal of
Nutrition. 2004; 134, 3100-3105.

[22] Haugsgjerd TR, Egeland GM,
Nygard OK, Vinknes KJ, Sulo G, LysneV,
Igland ], Tell GS. Association of dietary
vitamin K and risk of coronary heart
disease in middle-age adults: the
Hordaland Health Study Cohort. BMJ
Open. 2020; 10,e035953.

[23] Gast, N M, Sluijs, I, Bots, M I,
Beulens, ] M J Geleijnse, ] M Witteman, ]
C, Grobbee, D E, Peeters, PHM van der
Schouw YT. A high menaquinone intake
reduces the incidence of coronary heart
disease. Nutrition Metabolism
Cardiovascular Diseases. 2009; 19,
504-510.

[24] Knapen MH], Braam LAKJLM,
Drummen NE, Bekers O, Hoeks APG,
Vermeer C. Menaquinone-7
supplementation improves arterial
stiffness in healthy postmenopausal
women. A double-blind randomised
clinical trial. Thrombosis Haemostasis.
2015; 113,1135-44

[25] Fathima, H. M., Ganapathy, D.,
Subhashree, R., Rakshagan, V.
Knowledge and Awareness of Vitamin K
Therapy among Dental Students. Journal
of Pharmaceutical Research
International, 2020; 38-47.

[26] Gordeladze, J. O. Vitamin K2: A
Vitamin that Works like a Hormone,
Impinging on Gene Expression. In Cell
Signalling-Thermodynamics and
Molecular Control. Intech Open. 2019.

[27] Lanham, S. A., Cagampang, F. R.,
Oreffo, ROC. Maternal High-Fat Diet and
Offspring Expression Levels of Vitamin
K-Dependent Proteins. Endocrinology,
2014; 155(12), 4749-4761.



Physiological and Cellular Functions of Vitamin K on Cardiovascular Function

DOI: http://dx.doi.org/10.5772/intechopen.99344

[28] Gundberg, C. M., Lian, J. B., Booth,
S. L. Vitamin K-dependent carboxylation
of osteocalcin: friend or foe? Advances in
Nutrition. 2012; 3, 149-157.

[29] O'Connor, E. M., Durack, E.
Osteocalcin: The extra-skeletal role of a
vitamin K-dependent protein in glucose
metabolism. Journal of Nutrition &
Intermediary Metabolism. 2017; 7,

8-13.

[30] Al-Suhaimi, E. A., Al-Jafary, M. A.
Endocrine roles of vitamin K-dependent-
osteocalcin in the relation between bone
metabolism and metabolic disorders.

Reviews in Endocrine and Metabolic
Disorders. 2020; 21, 117-125.

[31] Sato, T., Schurgers, L. J., Uenishi, K.
Comparison of menaquinone-4 and
menaquinone-7 bioavailability in healthy

women. Nutrition Journal. 2012;
11(1), 93.

[32] Scheiber, D., Veulemans, V., Horn, P,,
Chatrou, M.L., Potthoff, S. A., Kelm, M.,
Westenfeld, R. (2015). High-dose
menaquinone-7 supplementation reduces
cardiovascular calcification in a murine
model of extraosseous calcification.
Nutrients. 2015; 7, 6991-7011.

[33] Rishavy MA, Berkner KL. Vitamin K
oxygenation, glutamate carboxylation,
and processivity: defining the three
critical facets of catalysis by the vitamin
K-dependent carboxylase. Advances in
nutrition. 2012; 3, 135-48.

[34] Fusaro M, Gallieni M, Porta C,
Nickolas TL, Khairallah P. Vitamin K
effects in human health: new insights

beyond bone and cardiovascular health.
Journal of Nephrology. 2020;33, 239-49.

[35] Tie JK, Stafford DW. Structural and
functional insights into enzymes of the
vitamin K cycle. Journal of Thrombosis
and Haemostasis. 2016;14, 236-47.

15

[36] Tarento TD, McClure DD,

Talbot AM, Regtop HL, Biffin JR,
Valtchev P, Dehghani F, Kavanagh JM. A
potential biotechnological process for the
sustainable production of vitamin K1.

Critical Reviews in Biotechnology.
2019;39, 1-9.

[37] Roumeliotis S, Dounousi E,
Eleftheriadis T, Liakopoulos V.
Association of the inactive circulating
matrix Gla protein with vitamin K
intake, calcification, mortality, and
cardiovascular disease: a review.
International Journal of Molecular
Sciences. 2019;20, 628.

[38] Villa-Bellosta R, Millan A, Sorribas V.
Role of calcium-phosphate deposition in
vascular smooth muscle cell calcification.
American Journal of Physiology-Cell
Physiology. 2011;300,210-20.

[39] Kalampogias A, Siasos G,
Oikonomou E, Tsalamandris S,
Mourouzis K, Tsigkou V, Vavuranakis M,
Zografos T, Deftereos S, Stefanadis C,
Tousoulis D. Basic mechanisms in
atherosclerosis: the role of calcium.
Medicinal Chemistry. 2016;12, 103-13.

[40] Poterucha TJ, Goldhaber SZ.
Warfarin and vascular calcification.

The American journal of medicine.
20165129, 635-el.

[41] Gallieni M, Fusaro M. Vitamin K and
cardiovascular calcification in CKD: is

patient supplementation on the horizon.
Kidney international. 2014;86, 232-4.

[42] Speer MY, Yang HY, Brabb T, Leaf E,
Look A, Lin WL, Frutkin A, Dichek D,
Giachelli CM. Smooth muscle cells give
rise to osteochondrogenic precursors and
chondrocytes in calcifying arteries.
Circulation research. 2009;104, 733-41.

[43] Shea MK, O’Donnell CJ, Hoffmann U,
Dallal GE, Dawson-Hughes B, Ordovas JM,



Vitamin K - Recent Topics on the Biology and Chemistry

Price PA, Williamson MK, Booth SL.
Vitamin K supplementation and
progression of coronary artery calcium in
older men and women. The American
journal of clinical nutrition. 2009;89,

1799-807.

[44] Roumeliotis, S., Dounousi, E.,
Eleftheriadis, T. and Liakopoulos, V.:
Association of the inactive circulating
matrix gla protein with vitamin k intake,
calcification, mortality, and
cardiovascular disease: a review.
International Journal of Molecular
Sciences. 2019; 20, 1- 27.

[45] Gaw A, Packard MRCPath C, James
Shepherd, MB, ChB, PhD, FRCPath,
FRCP (Glasg). Statins: The HMG CoA
reductase inhibitors in perspective. CRC
Press; 1999. 224.

[46] Gaw A. Statins in General Practice:
Pocketbook. CRC Press; 2001. 112 p.

[47] Estren M]J. Statins: Miracle or
Mistake? Ronin Publishing; 2014.
200 p.

[48] Torjesen I. Statins are overprescribed
for primary prevention, study suggests.
BM]J. 2018. p. k5110.

[49] Ilana B. Richman, Joseph S. Ross.
Weighing the Harms and Benefits of
Using Statins for Primary Prevention:
Raising the Risk Threshold. Ann Intern
Med. 2019;170, 62-63.

[50] Demasi M. Statin wars: have we been
misled about the evidence? A narrative
review. British Journal of Sports
Medicine. 2018; 52, 905-9.

[51] Yebyo HG, Aschmann HE,

Puhan MA. Finding the Balance Between
Benefits and Harms When Using Statins
for Primary Prevention of Cardiovascular
Disease: A Modeling Study. Annals of
Intern Med. 2019;170, 1-10.

16

[52] U. S. Food and Drug Administration,
Office of the Commissioner. Controlling
Cholesterol with Statins [Internet]. 2020
[cited 2021 Jan 27]. Available from:
https://www.fda.gov/consumers/
consumer-updates/controlling-
cholesterol-statins

[53] Ravnskov U, Okuyama H, Sultan S.

Serious bias in 20 year follow-up study of
statin trial. BM]J. 2017; 359, 4906.

[54] Okuyama H, Langsjoen PH,

Ohara N, Hashimoto Y, Hamazaki T,
Yoshida S, et al. Medicines and Vegetable
Oils as Hidden Causes of Cardiovascular
Disease and Diabetes. Pharmacology.
2016; 98, 134-70.

[55] Okuyama H, Langsjoen PH,
Hamazaki T, OgushiY, HamaR,
Kobayashi T, et al. Statins stimulate
atherosclerosis and heart failure:
pharmacological mechanisms. Expert
Rev Clinical Pharmacology.
2015;8,189-99.

[56] Hashimoto Y, Okuyama H. Statins
Cause Lifestyle-Related Diseases-
Biochemical Mechanism. Endocrinology
Diabetes Research. 2017; 10:2.

[57] Yandrapalli S, Malik A, Guber K,
Rochlani Y, Pemmasani G, Jasti M, et al.
Statins and the potential for higher
diabetes mellitus risk. Expert Review in
Clinical Pharmacology. 2019;12, 825-830.

[58] Culver AL, Ockene IS,
Balasubramanian R, Olendzki BC,
Sepavich DM, Wactawski-Wende J, et al.
Statin use and risk of diabetes mellitus in
postmenopausal women in the Women’s
Health Initiative. Archives of International
Medicines. 2012;172, 144-52.

[59] Geleijnse JM, Vermeer C,

Grobbee DE, Schurgers L], Knapen MH]J,
van der Meer IM, et al. Dietary intake of
menaquinone is associated with a



Physiological and Cellular Functions of Vitamin K on Cardiovascular Function

DOI: http://dx.doi.org/10.5772/intechopen.99344

reduced risk of coronary heart disease:
the Rotterdam Study. Journal of
Nutrition. 2004;134, 3100-5.

[60] Cederberg H, Stancakova A,

Yaluri N, Modi S, Kuusisto J, Laakso M.
Increased risk of diabetes with statin
treatment is associated with impaired
insulin sensitivity and insulin secretion: a
6year follow-up study of the METSIM
cohort. Diabetologia. 2015; 58,1109-17.

[61] Gordeladze J. Vitamin K2: Vital for
Health and Wellbeing. BoD - Books on
Demand; 2017. 338 p.

[62] Booth SL, Tucker KL, Chen H,
Hannan MT, Gagnon DR, Cupples LA,
et al. Dietary vitamin K intakes are
associated with hip fracture but not with
bone mineral density in elderly men and
women. American Journal of Clinical
Nutrition. 2000; 71, 1201-8.

[63] Shiraki M, Shiraki Y, Aoki C,

Miura M. Vitamin K2 (menatetrenone)
effectively prevents fractures and
sustains lumbar bone mineral density in

osteoporosis. Journal of Bone Mineral
Research. 2000;15, 515-21.

[64] Villa JKD, Diaz MAN, Pizziolo VR,
Martino HSD. Effect of vitamin K in bone
metabolism and vascular calcification: A
review of mechanisms of action and

evidences. Critical Review in Food
Science Nutrition. 2017; 57, 3959-3970.

[65] van Ballegooijen, A. J., Beulens, ]J. W.
The Role of Vitamin K Status in
Cardiovascular Health: Evidence from
Observational and Clinical Studies.
Current Nutrition Reports. 2017; 6,
197-205.

[66] Schurgers L], Cranenburg EC,
Vermeer C. Matrix Gla-protein: the
calcification inhibitor in need of

vitamin K. Thrombosis Haemostasis.
2008;100, 593-603.

17

[67] Marles R], Roe AL, Oketch-Rabah HA.
US Pharmacopeial Convention safety
evaluation of menaquinone-7, a form of
vitamin K. Nutrition Reviews. 2017; 75,
553-578.

[68] Food and Nutrition Board, Institute
of Medicine, Dietary Reference Intakes
for vitamin A, vitamin K, Arsenic,
Boron, Chromium, Copper, lodine, Iron,
Manganese, Molybdenum, Nickel,
Silicon, Vanadium, and Zinc, The
National Academic Press, Washington,
DC, USA, 2001.

[69] Vlasschaert C, Goss CJ, Pilkey NG,
McKeown S, Holden RM. Vitamin K
Supplementation for the Prevention of
Cardiovascular Disease: Where Is the
Evidence? A Systematic Review of
Controlled Trials. Nutrients.

2020;12, 2909.

[70] Heart Disease and Stroke
Statistics—2020 Update: A Report From
the American Heart Association.
Circulation, 2020, 141, 9.

[71] Scarborough P, Morgan RD,

Webster P, Rayner M. Differences in
coronary heart disease, stroke and cancer
mortality rates between England, Wales,
Scotland and Northern Ireland: the role
of diet and nutrition. BMJ Open. 2011;1,
e000263.

[72] DiNicolantonio JJ, Bhutani J,
O'Keefe JH. The health benefits of vitamin
K. Open Heart. 2015; 2, e000300.

[73] Gast GC, de Roos NM, Sluijs I,

Bots ML, Beulens JW, Geleijnse JM,
Witteman JC, Grobbee DE, Peeters PH,
van der Schouw YT. A high menaquinone
intake reduces the incidence of coronary
heart disease. Nutrition Metabolism &
Cardiovascular Diseases. 2009;19, 504-10.

[74] Shea MK, O'Donnell CJ, Hoffmann U,
Dallal GE, Dawson-Hughes B, Ordovas JM,



Vitamin K - Recent Topics on the Biology and Chemistry

Price PA, Williamson MK, Booth SL.
Vitamin K supplementation and
progression of coronary artery calcium in

older men and women. American Journal
of Clinical Nutrition. 2009; 89, 1799-807.

[75] Luo G, Ducy P, McKee MD,
Pinero GJ, Loyer E, Behringer RR, et al.
Spontaneous calcification of arteries and

cartilage in mice lacking matrix GLA
protein. Nature. 1997; 386, 78-81.

[76] Sweatt A, Sane DC, Hutson SM,
Wallin R. Matrix Gla protein (MGP) and
bone morphogenetic protein-2 in aortic
calcified lesions of aging rats. Journal of

Thrombosis and Haemostasis. 2003;
1, 178-85.

[77] Price PA, Faus SA, Williamson MK.
Warfarin causes rapid calcification of the
elastic lamellae in rat arteries and heart
valves. Arteriosclerosis, Thrombosis, and
Vascular Biology. 1998;18,1400-7.

[78] Schurgers L], Spronk HM, Soute BA,
Schiffers PM, DeMey JG, Vermeer C.
Regression of warfarin-induced medial
elastocalcinosis by high intake of vitamin
K in rats. Blood. 2007;109, 2823-31.

[79] Gast GC, de Roos NM, Sluijs I,

Bots ML, Beulens JW, Geleijnse JM, et al.
A high menaquinone intake reduces the
incidence of coronary heart disease.
Nutrition, Metabolism, and
Cardiovascular Diseases: NMCD.
2009;19, 504-10.

[80] Erkkila AT, Booth SL, Hu FB,
Jacques PF, Lichtenstein AH.
Phylloquinone intake and risk of
cardiovascular diseases in men.
Nutrition, Metabolism, and
Cardiovascular Diseases: NMCD.
2007;17, 58-62.

[81] Erkkila AT, Booth SL, Hu FB,
Jacques PF, Manson JE, Rexrode KM,

18

et al. Phylloquinone intake as a marker
for coronary heart disease but not stroke
in women. European Journal of Clinical
Nutrition. 2005; 59,196-204.

[82] Juanola-Falgarona M, Salas-Salvado ],
Martinez-Gonzalez M, Corella D,
Estruch R, Ros E, et al. Dietary intake of
vitamin K is inversely associated with
mortality risk. Journal of Nutrition.
2014;144, 743-50.

[83] Hartley, L., Clar, C., Ghannam, O.,
Flowers, N., Stranges, S. Rees, K. Vitamin
K for the primary prevention of
cardiovascular disease. Cochrane

Database of Systematic Reviews. 2015;
CD011148.

[84] Wen, L., Chen, J., Duan, L. and Li,
S.: Vitamin K dependent proteins
involved in bone and cardiovascular
health (Review). Molecular Medicine
Reports. 2018; 18, 3-15.

[85] Harshman, S.G. Shea, M.K. The role
of vitamin K in chronic aging diseases:
inflammation, cardiovascular disease

and osteoarthritis. Current Nutrition
Reports. 2016; 5, 90-98.

[86] Ballegooijen, A.J. Beulens, J. W. The
role of vitamin K status incardiovascular
health: evidence from observational and

clinical studies. Current Nutrition
Reports. 2017; 6:197-205.

[87] Sim et al.: The effects of vitamin
k-rich green leafy vegetables on bone
metabolism: a 4- week randomized
controlled trial in middle-aged and older
individuals. Bone Reports. 2020; 12: 1-7.

[88] Walther, B., Karl, J. P, Booth, S. L.
and Boyaval, P. Menaquinones, bacteria,
and the food supply: the relevance of
dairy and fermented food products to
vitamin K requirements. Advances in
Nutrition. 2013; 463-473.



Physiological and Cellular Functions of Vitamin K on Cardiovascular Function
DOI: http://dx.doi.org/10.5772/intechopen.99344

[89] Simes, D.C., Viegas, C.S.B., Aradgjo,
N. Marreiros, C. Vitamin K as a diet
supplement with impact in human
health: current evidence in age-related
diseases. Nutrients. 2020; 138.

[90] Sankar, M. J., Kumar, A. C. P,
Agarwal, A. T. R. and Paul, V. K.: Vitamin
K prophylaxis for prevention of vitamin
K deficiency bleeding: a systematic

review. Journal of Perinatology. 2016;
36, 29-34.

[91] Al-Suhaimi E. Molecular
mechanisms of leptin and pro-apoptotic
signals induced by menadione in HepG2
cells. Saudi Journal of Biological Sciences.
2014; 21, 6, 582-588. doi:10.1016/j.
sjbs.2014.03.002

19



