34

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1945-7081. To subscribe, visit imjournal.com

Growing Evidence of a Proven Mechanism Shows Vitamin K2
Can Impact Health Conditions Beyond Bone and

Cardiovascular
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Vitamin K2 is a vital nutrient newly recognized for
supporting bone and cardiovascular health, shown in
observational and intervention trials, in healthy and
patient populations, in adults and children. Even more
recently, it has come to light that K2 status and the
vitamin’s mechanism of action impact other health areas,
including but not limited to brain health, healthy joints,
neuropathy, and vision health. This evidence lends itself to
the argument that correcting a widespread vitamin K2
deficiency can significantly improve global health. The
first step in remedying that deficiency is establishing a
vitamin K2-specific recommended daily intake.

K2 For Cardio Health: A Foundation Of Evidence
The discovery of the role of vitamin K-dependent

proteins in processes beyond coagulation and identification

of various isoforms of vitamin K in the recent decades has

specifically highlighted vitamin K2 (menaquinone) as a
crucial cardiovascular health nutrient. This is mainly due
to K2’s long half-life and extrahepatic activity, compared
to a shorter half-life of the dietary form vitamin K1
(phylloquinone). Health-conscious consumers seek to
meet the optimal intake of vitamin K2 to avoid calcium
plaque buildup of atherosclerosis, thus keeping the risk
and rate of calcification as low as possible.!

Arterial calcification is considered an unfortunate
result of aging, but fortunately, we can actively regulate
this process by providing our body with adequate amounts
of vitamin K2. This nutrient is essential to activate the
most potent modulator of vascular calcification-Matrix
Gla Protein (MGP)-and thus lower the risk of age-related
cardiovascular decline.

While observational data suggest a link between
vitamin K2 intake and cardiovascular health, two
groundbreaking intervention trials were published
(a three-year and a one-year clinical study), which
evaluated the effect of vitamin K2 vs. placebo on arterial
stiffness in healthy people.

Results of a published, double-blind, randomized
clinical trial, Knapen et al.* show that when taken daily in
nutritional doses (180 pg as MenaQ7°) for three years by a
healthy population, vitamin K2 (MK-7) improves
cardiovascular health. This study of 244 healthy
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Vitamin K2 Brain Health Mechanism

post-menopausal Dutch women, 55 to 65 years old,
demonstrated substantial benefits in inhibiting age-related
stiffening of arteries, resulting in increased pulse wave
velocity (PWYV) in the placebo group but not in the MK-7
group. Most remarkably, MK-7 not only suppressed
arterial stiffening but also resulted in an unprecedented
statistically significant improvement of vascular elasticity,
both measured with ultrasound techniques and PWV in a
healthy population.*

A 1-year follow-up placebo-controlled, randomized
clinical trial study also showed cardiovascular benefit after
K2 supplementation in both genders. In the total study
group—243 subjects (40-70 years old) characterized by an
elevated risk for cardiovascular disease due to vitamin
K-insufficiency (i.e., dp-ucMGP > 400 pmol/L)—MK-7
(180 pg/day of K2 as MenaQ?7°) induced a significant
decrease of both dp-ucMGP and carotid-femoral pulse-
wave velocity (cfPWV). The participants taking MenaQ7°
maintained arterial flexibility, and the stiffness did not
increase, whereas the placebo group became stiffer and
less flexible.®

The significance of this clinical work has earned the
medical community’s attention, which is now in process
with its trials that are using vitamin K2 as MK-7
(as MenaQ7°) as a possible therapy for patients whose
conditions present symptoms of intense calcification.*”

The K2 Mechanism & Brain Health

Vitamin K2 as MK-7 is unique because it impacts
arterial calcification, and no other compound (drug or
vitamin) has been shown to do this. It turned out that this
nutrient also lends a vital cardiovascular support to
patients with chronic kidney disease who are on dialysis
and renal transplant recipients.®’

Just as the K2 mechanism has lent itself to CKD
patients, it is also being explored for its impact on other
areas of brain health.

Vitamin K, a fat-soluble nutrient was historically
discovered in 1935 for its role in blood coagulation, and as
such has been thoroughly explored. In recent years,
studies highlighted vitamin K2 involvement in brain cells

development and survival. In the brain vitamin K occurs
predominantly as MK-4. Vitamin K2 has been involved in
functions such as cell survival, chemotaxis, mitogenesis,
cell growth, and myelination mediated by the activation of
vitamin K-dependent proteins: Growth Arrest Specific
Gene 6 (Gas6) and protein S.

Moreover, vitamin K2 is also involved in the synthesis
of sphingolipids, an important class of lipids present in
high concentrations in brain cell membranes. Initially
appreciated for their role as essential structural components
of cell membranes, sphingolipids are now known to
participate in important cellular events such as signaling,
proliferation, differentiation, senescence, transformation
and survival of brain cells. In recent years, studies have
linked alterations in sphingolipid metabolism to
age-related cognitive decline and neurodegenerative
disorders such as Alzheimer’s and Parkinson’s diseases.'**?

Alzheimer’s Disease (AD) and Other Forms of
Dementia

Human studies on the impact of vitamin K deficiency
in brain function are limited, therefore it is still a matter of
debate today whether vitamin K deficiency is associated to
cognitive decline. Vitamin K antagonists (VKAs such as
warfarin, acenocoumarol, and fluindion), used worldwide
as oral anticoagulants, according to recent studies may
have a negative influence on cognitive domains such as
visual memory, verbal fluency and brain volume. The two
most common types of dementia in Western countries are
Alzheimer’s disease (AD) and vascular dementia. The
mechanism underlying AD is the deposition of f-amyloid
peptide (AP) and the neurofibrillary tangles in the
intracellular environment, neuronal death and the loss of
synapses, all of which contribute to cognitive decline in a
progressive manner.'>**

Six studies demonstrated, in a population of 65 years
and older, a direct correlation between low vitamin K
dietary intake or serum concentration and deteriorated
cognitive and behavioral performances.’** Moreover,
research findings show that vitamin K2 can protect neural
cells against AP toxicity.*!
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Cui et al* connected aortic stiffness with an increased
risk of dementia in older adults. More recently, Nutrients
published a new review paper that examines the body of
evidence connecting vitamin K2 to factors involved in AD
pathogenesis, concluding that this demonstrates K2 as having
the potential to slow the progression of AD and contribute to
its prevention.> US researchers considered the antiapoptotic
and antioxidant effects of vitamin K2 and its impact on
neuroinflammation, mitochondrial dysfunction, cognition,
cardiovascular health, and comorbidities in AD. They also
examined the link between dysbiosis and vitamin K2 in the
context of the microbiome’s role in AD pathogenesis. According
to the researchers, “Our review is the first to consider the
physiological roles of vitamin K2 in the context of AD, and,
giventherecentshiftin ADresearchtoward nonpharmacological
interventions, our findings emphasize the timeliness and need
for clinical studies involving vitamin K22

Considering the growing social and economic burden
linked to the increasing number of patients suffering from
cognitive impairment and dementia, further research on
this topic can prove to be beneficial and applicable results
can be expected.

Parkinson’s Disease

Mitochondria are called the power plants of the cell,
responsible for supplying the energy for its operation.
Mitochondrial dysfunction was proposed to be an integral
player in the development of Parkinson’s disease (PD)
nearly 40 years ago, and since those initial discoveries,
evidence of the role it may play in this neurodegeneration
continues to increase.**

Parkinson’s patients have several genetic defects,
including PINK 1 and Parkin mutations, that lead to
reduced mitochondrial activity. In one study, researchers
found that fruit flies (Drosophila) with a PINKI or Parkin
mutation lost their ability to fly. They discovered that the
mitochondria in these flies were defective, just as in
Parkinson’s patients. Because of this they generated less
intracellular energy-energy the insects needed to fly.
When the flies were given vitamin K2, the energy
production in their mitochondria was restored and the
insects’ ability to fly improved. The researchers were also
able to determine that the energy production was restored
because the vitamin K2 had improved electron transport
in the mitochondria. Vitamin K2 plays a role in the energy
production of defective mitochondria. Because defective
mitochondria are also found in Parkinson’s patients with a
PINKI1 or Parkin mutation, vitamin K2 potentially offers
hope for a new treatment for PD.%

Recently, a case-control study was conducted that
involved 93 PD patients and 95 healthy controls. The
researchers found the serum vitamin K2 level in PD
patients is lower than that in healthy controls. The decrease
of vitamin K2 level may be related to the occurrence and
progression of PD by loosening the regulation of
inflammatory responses and coagulation cascades signal.*®

Multiple sclerosis (MS)

Multiple sclerosis (MS) is a devastating neurological
disease characterized by multifocal demyelinating lesions in
the central nervous system. Although vitamin K
participation in the brain pathology has not been fully
explained, it is well known that oxidative stress has a critical
role in neurodegenerative diseases. Further, vitamin K2 was
found to have beneficial effects on the nervous system-it
seems to protect neurons and oligodendrocytes from
oxidative injury. Moreover, vitamin K2 can reduce
inflammation and the consequences of autoimmune
diseases, such as multiple sclerosis (MS). Because of the
potential role of vitamin K2 in MS and the possibility that
it may be associated with its clinical features, Austrian
researchers decided to assess vitamin K2 serum levels in
MS patients in comparison to healthy controls and
correlate these levels with clinical appearance, medication,
and disability status. Overall, 45 MS patients (31 females
and 39 of the relapsing-remitting type) and 29 healthy
controls (19 females) were included in the analysis. The
vitamin K2 serum levels were more than three-fold higher
in healthy controls as compared to MS patients healthy
controls had a median level of 866ng/ml compared to a
median level of 196ng/ml in MS cases. Vitamin K2 levels
were lower with increasing numbers of attacks per year
and were higher in patients with optic nerve lesions. This
study showed that the substantially lower levels of vitamin
K2 in MS patients could be due to depletion, lower
production in the gut, diminished absorption or, less
likely, reduced intake of precursor vitamin K1. The role of
K2 in MS development and progress deserves further
study.”

Migraine

A better understanding of disease pathophysiology to
help guide future research on migraine management is
needed, since according to the WHO migraine is estimated
as the fifth highest cause of years lost due to disability. In
a case-control single-center observational study, Lebanese
researchers compared arterial stiffness and markers of
vitamin K2 status between a cohort of patients with
untreated migraine vs. their age- and sex-matched
non-migraine controls. The published outcome of their
project constitutes an important message for migraineurs
who are more prone to an increased risk of major
cardiovascular events. Individuals with migraine have
worse indices of arterial stiffness as compared with their
age- and sex-matched control subjects. This increase in
arterial stiffness is correlated with an increase in markers
of vitamin K2 deficiency in the migraine with aura
(MWA) group. It seems that people who suffer from
migraine might benefit from MK-7 supplementation,
however there is a need to direct the focus of research in
this domain toward examining the effect of vitamin K2
supplementation on migraine frequency, arterial stiffness
and cardiovascular outcome in patients with migraine.”®
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Suboptimal K2 Status Linked to Cognitive Impairment

Peripheral neuropathy (PN)

Diabetic peripheral neuropathy is a frequent and
severe complication of diabetes. A recent study aimed to
evaluate factors associated with sensitive diabetic
neuropathy in Type 2 Diabetes, and, in particular,
dephospho-uncarboxylated Matrix-gla-protein
(dp-ucMGP), the inactive form of MGP. Peripheral
neuropathy was present in 15.7% of the patients and was
significantly associated with dp-ucMGP levels. Since
MGP is expressed in several components of the nervous
system and is involved in some neurological disease, it is
likely to play a role in peripheral nervous system
homeostasis. Further studies are needed to determine if
dp-ucMGP may be used as a biomarker of sensitive
neuropathy.?

Another study with the objective to assess the efficacy,
tolerability and safety of vitamin K2 as MK7 in patients
with peripheral neuropathy was conducted in 100
participants presenting with PN and suffering from either
Vitamin B12 Deficiency (VBD, megaloblastic anaemia) or
Type 2 Diabetes Mellitus (T2DM). For the first time, in
larger sample size, it has been shown that K2 as MK7 at a
dose of 100 mcg twice a day for 8 weeks has a therapeutic
activity for the symptoms of PN in VBD and T2DM. It
also helps in relieving the associated symptoms of PN such
as cramps, burning pain, weakness, and fatigue. The
reduction in symptoms was persistent even after the
discontinuation of MK7. Vitamin K2 as MK7 was also well
tolerated by all patients. Thus, it proves that vitamin K2 as

MKY7 offers a confirming therapeutic effect in PN due to
VBD or T2DM. Further, a multicentric placebo-controlled
randomized double-blind trial can clearly establish the
effect of vitamin K2 as MK7, also in case of residual
neuropathy.®

The Need For An RDI

Researchers formulated a nine-criteria standard in
2014 for the purpose of assessing whether sufficient
grounds exist for a nutraceutical to be considered for
Reference Daily Intake (RDI).* The following factors need
to be considered: (1) an accepted definition; (2) a reliable
analysis method; (3) a food database with known amounts
of the bioactive; (4) cohort studies; (5) clinical trials on
metabolic processes; (6) clinical trials for dose-response
and efficacy; (7) safety data; (8) systematic reviews and/or
meta-analyses; and lastly, (9) a plausible biological
rationale. By evaluating current knowledge and studies,
either performed or still ongoing, a paper recently
published in the journal Nutrients assessed whether
vitamin K2 meets these nine criteria.*

There is no doubt as to the differences between the
pharmacokinetics of vitamin K1 and vitamin K2 in the
human body. Vitamin K2 has been widely acknowledged
for its extrahepatic activity; however, a detailed mechanistic
description of K2 action has not been provided in the
literature so far. The Nutrients paper showed that vitamin
K2 clearly passes the nine criteria set out for establishing
bioactive RDI recommendation. The concentration of
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bioactive vitamin K2 in a range of fermented foods
common to Western diets depends on factorial preparation
methods, namely, the type of bacteria used in fermentation
processes. Results of different clinical trials that tested the
influence of vitamin K2 supplementation on human
health status have shown that it either significantly
improved it or strongly correlated. Researchers postulate
that consistent consumption of vitamin K2 can reduce the
risk of occurrence of cardiovascular diseases, bone loss,
and, potentially, other age-related diseases. Bearing in
mind this nature of vitamin K2 action on decreasing the
development of diseases commonly linked to aging, steps
should be taken by scientific and food policy makers to
review the literature on the current state of vitamin K2
research and consider establishing an RDI for vitamin K2
to significantly improve global health and reduce the
socioeconomic consequences of an aging population.
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