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ABSTRACT

Background: Vascular calcification is a predictor of cardiovascular
! ) morbidity and mortality, which can be evaluated by pulse wave velocity
z[amx Gla Protein (MGP) (PWV) and Coronary Artery Calcification score (CAC. s). Vitamin
oronary Artery Calcification X . ; . T
(CAC) K-dependent matrix Gla protein (MGP) is an important inhibitor of
Pulse Wave Velocity (PWV) calcification. The aim of this systematic review was to assess the effect of
high-dose vitamin k supplementation on vascular calcification.
Methods: In this systematic review, a literature search in PubMed was undertaken
with using the keywords “vitamin k1 supplementation” OR “phylomenadion
supplementation” OR “vitamin k2 supplementation” OR “menaquinone
supplementation” OR “vitamin k3 supplementation” OR “menadion
supplementation” and “calcification”, and then qualified articles were used.
Results: Vitamin K1 supplement was not associated with
dephosphorylated-uncarboxylated MGP (dp-uc MGP) level and PWV
level. However, it was associated with less CAC progression. Vitim K2
supplement was correlated inversely with dp-uc MGP level and decrease
in PWV but no difference CAC progression.
Conclusion: Based on results that was obtained from this systematic review,
we expressed conclusively that taking vitamin K supplements especially
vitamin K2 can decrease inactive MGP levels and slow the progression of CAC
in healthy older adults with pre-existing CAC and improve arterial stiffness.
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Introduction

Older patients, and those with diabetes and
chronic kidney disease (CKD), are at substantially
increased risk of cardiovascular disease (CVD).
Independence of traditional cardiovascular risk
factors, increased vascular stiffness (VS) is
associated with future cardiovascular events (1)
and often associated with presence of vascular
calcification (VC) (2). Calcification is a slowly
progressive process and caused by an imbalance

between the mechanisms that promote and inhibit
the deposition of calcium in the vascular wall
(3). Because of imbalance between procalcific
and calcification inhibiting substances leading to
osteogenesis (4). Various procalcifying factors,
such as calcium and phosphate, are antagonized by
a network of regulatory proteins in vascular tissue
(5). Irrespective of the histoanatomic and etiological
characteristics of vascular calcifications, decreased
activity of endogenous calcification inhibitors,
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such as the potent matrix Gla protein (MGP) (6-9),
enables mineralization of the vascular wall. MGP
is a small, approximately 10-kDa protein that is
expressed primarily by osteoclasts, chondrocytes,
and vascular smooth muscle cells. Its activation
confers the calcification inhibitory activity and
depends on two posttranslational processes.
Active MGP (phosphorylated and carboxylated)
inhibits local crystal growth and vascular smooth
muscle cell apoptosis, while dephosphorylated-
uncarboxylated MGP (dp-ucMGP) is inactive, has
low affinity for calcium, and is then released in the
circulation (4, 10).

It was demonstrated that plasma levels of dp-
uc MGP are markers of vascular vitamin K status
with high levels indicating vascular vitamin K
deficiency and are positively associated with arterial
stiffness (11). Vitamin K is required for the function
of MGP through its role as an enzyme cofactor in
the y-carboxylation of the protein (12). Pulse Wave
Velocity (PWV) and Coronary Artery Calcification
score (CAC score) are two important vascular
calcification indicators which are decreased by vitamin
K supplementation. Arterial stiffness was evaluated
by measurement of PWV. PWV is a non-invasive,
reproducible technique that has previously been
used as a surrogate of CVD in the kidney transplant
population and is considered the gold standard
to directly measure arterial stiffness. A detailed
description of the PWV technique has previously
been described (13), which may be performed on
various arteries including carotid, femoral, brachial.
aim CAC score is an established quantitative tool for
assessing subclinical atherosclerosis (14).

The group of vitamin K vitamins comprises
phylloquinone (vitamin K1) and several menaquinones
(vitamin K?2). Phylloquinone is found in green leafy
vegetables, whereas the main dietary source of
menaquinones is fermented food such as cheese (15).
The phylloquinone (vitamin K1), as this is essential
in the activation of several coagulation factors,
but menaquinone (MK) is another very important
vitamin K species. MK is deemed necessary for
y-carboxylation of proteins involved in the inhibition
of arterial calcification (3). In this review, our aim was
to discuss the therapeutic effects of supplementation
of vitamin K on artery calcification among renal
transplant patients and haemodialysis patient and in
patient with CAC was postulated to be associated with
reduction in dp-uc MGP and subsequent improvement
in arterial stiffness.

Materials and Methods

Search Strategy
For the systematic review, we searched for articles

investigating the effects of vitamin K supplementation
on vascular calcification in PubMed database up
to November 1% 2018. A group of search terms
were used including “vitamin k1 supplementation”
OR “phylomenadion supplementation” OR
“vitamin k2 supplementation” OR “menaquinone
supplementation” OR “vitamin k3 supplementation”
OR “menadion supplementation” and “‘vascular”,
“vessel”, ‘‘artery”, “arterial”’, “stiffness”, and
“calcification”.

Study Selection

The studies were selected, if they had the
following inclusion criteria were present like
randomized controlled design; and reporting the
effects of vitamin k supplementation in vascular
calcification. Exclusion criteria were adult patients
with CAC or hemodialysis patient and trials with
oral vitamin K supplementation and assessing the
CAC measurement and biochemical measurement
and measurement of PWV, Finally, six articles were
included in the systematic review (Figure 1).

Data Extraction

The first author’s name, publication year,
participants, characteristics, duration, dose of
vitamin K interventions and outcome measures were
enrolled.

We found 129 articles in the initial search, 108 of
which were excluded, due to their irrelevant titles
and nine studies were excluded by reading the
abstracts; six of them were removed due to study
of the full texts. Then, six articles were included
in this systematic review, shown in Table 1. Trials
with specified criteria to assess the improvement of
vascular calcification with one or more outcomes
such as CAC-score, PWYV, circulating dp-uc MGP,
were included in this review.

CAC-Score Measurement

CAC-score was reported in two studies. One of
them reported those in the phylloquinone treatment
group had less progression of CAC than did those
in the control group (P=0.03) (12) and one study
reported CAC that significantly increased despite
the MK4 treatment (16).

Circulating dp-uc MGP

Four studies reported a decrease in mean dp-
uc MGP concentration (5, 11, 15, 17). One study
(11) reported mean dp-uc MGP concentration that
significantly reduced after MK7 supplementation,
with a 55.1% relative reduction in dp-uc MGP
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We found 129 articles in the initial search

Six studies were removed due to study their full texts

[ 108 studies were excluded due to their irrelevant titles

Then six articles were included in this systematic review

Nine studies were excluded by reading the abstracts ]

Figure 1: Flowchart of study selection process.

Table 1: Features of the studies of the effects of vitamin K supplement on artery calcification

Study Participants Duration Intervention vitamin K Outcomes
supplement
Rogier et al., 2014 165 hemodialysis 8 weeks MK7 Decrease in the dp-uc MGP
patients 360 pg/thrice weekly level

720 pg/thrice weekly
1080 pg/thrice weekly

Mansour et al., 60 renal transplant 8 weeks MK7 360 pg/d Significantly reduced mean
2017 recipients dp-uc MGP concentrations

reduction in mean cfPWV.
Westernfeld et al., 103 Long-term 7 weeks MK7 Decrease in circulating dp-
2012 hemodialysis patients 45 pg/d (n=19) uc MGP

135 pg/d (n=17)
360 pg/d (n=14)

Brandenburg et al., 72 patients 12 months MK4 2mg (once daily Reduction of plasma dp-uc

2017 orally) (n=38) MGP.

Shea et al., 2009 295 men and 3 years Phylloquinone 500 ng/d There was no difference in
postmenopausal women (n=149) CAC progression between

the phylloquinone group
and the control group
Ikari et al., 2016 26 patients with at least 3 years MK4 45 mg/day CAC significantly increased
one coronary risk factor baPWYV did not change
MGP: Matrix Gla Protein , CAC score: Coronary Artery Calcification score , PWV: Pulse Wave Velocity ,
dp-uc MGP: dephosphorylated-uncarboxylated MGP , baPWV: Brachial-ankle pulse wave velocity , cfPWV: Carotid-
femoral Pulse Wave Velocity
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concentration as compared with the baseline
values (556.9 pmol/L vs. 249.7 pmol/L; P<0.0001).
A study (15) reported strong correlation between
dialysis vintage and baseline dp-uc MGP (P<0.001,
r=0.29). After 8 weeks of MK7 supplementation,
a significant and dose dependent decrease in the
dp-uc MGP level with relative reduction rates (the
mean of the percentage decrease of each patient) of
17,33 and 46% was documented in the 360-, 720-
and 1080- ug groups, respectively. Another study
(5) in hemodialysis patients compared with baseline
values reported that after 6 weeks of vitamin K2
supplementation, a dose-dependent decrease was
detected in dp-uc MGP plasma levels, with the
decreases of 17.9%, 36.7%, and 61.1% in the 45-,
135-, and 360-g groups, respectively. In one study
(17), it was demonstrated that plasma dp-uc MGP
concentration significantly decreased in the vitamin
K group by 45% (P<0.001).

PWYV Measurement

In two studies (11, 16), this issue was also noted.
One study (16) revealed that the MK4 treatment
brachial-ankle pulse wave velocity (baPWV) did
not change. Another study (11) among patients who
were included in the primary analysis population
showed the mean baseline carotid-femoral pulse
wave velocity 9.8+2.2 m/s. Compared with baseline
measurements, the mean 8 weeks follow-up cfPWV
was 8.4+1.5 m/s, demonstrating a significant 1.4
m/s absolute decrease in carotid-femoral pulse
wave velocity (cfPWV) (14.2% relative reduction)
following MK7 supplementation (P<0.0001).

Discussion

According to the results of some researches on
hemodialysis patients and renal transplant recipients,
a significant vitamin K deficiency was shown. MK7
supplementation was associated with a reduction
in dp-uc MGP concentration, and a positive
correlation was present between the reduction in
arterial stiffness, a surrogate of early CV disease,
and the circulating concentration of dp-uc MGP, a
marker of subclinical vascular vitamin K deficiency
(11). The linear relationship between MK7 dose and
the decrease in dp-uc MGP and the absence of a
plateau phase suggested that even higher doses of
MK?7 may be successful aiming at maximal MGP
activation. Thus, these studies emphasized the
importance of dose and time dependency of vitamin
K supplementation in the carboxylation of vitamin
K—dependent proteins (5, 15).

According to the results of some researchers,
despite high dose MK4 supplementation, CAC
increased +14% annually, but baPWV did not

change (—0.7%). CAC similarly increased annually
irrespective of baseline vitamin K insufficiency.
The MK4 supplementation improved baPWV
only in patients with vitamin K insufficiency
(18). The effective dose to protect atherosclerosis
or calcifications is unknown in terms of arterial
stiffness. Long-term use of MK?7 supplements
improved arterial stiffness in healthy postmenopausal
women, especially in women having a high arterial
stiffness (12).

The results of this study were similar to prior
reports as have little preventive effects on CAC
(16). On the other hand, effects on arterial stiffness
were also observed in this study. Supplemental
vitamin K in less progression of CAC in older men
and women who were adherent to the treatment
and took vitamin K than in those who did not take
vitamin K; of those individuals with pre-existing
CAC; showed that those who received phylloquinone
had 6% less progression than those who did not. In
contrast, vitamin K supplementation did not reduce
the development of new CAC, of which there was
an annual increase of 5% in both groups (12, 19, 20).
The mechanisms by which vitamin K conferred a
protective role is still uncertain (21).

Conclusion

Larger studies in other populations are needed to
confirm these findings, and to assess the risks and
benefits of vitamin K supplementation on clinical
CVD.
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