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Abstract

Purpose Vascular calcification (VC) is an independent risk factor for cardiovascular disease in hemodialysis patients while
Matrix GLA protein (MGP) is one of the most potent inhibitors of VC and its activation is vitamin K dependent. The aim of
this study is to investigate the role of oral vitamin K2 supplementation in the prevention of VC progression in haemodialysis
patients.

Methods We conducted a prospective randomized interventional study in patients on hemodialysis. Patients were randomly
assigned to either receiving orally 200 pgr of vitamin K2 (vitamin K2/MK-7, Solgar) every day for 1 year or no treatment.
Uncarboxylated MGP (uc-MGP) concentrations were quantified using ELISA at randomization, at 3 and at 12 months. Aortic
calcification was evaluated using Agatston score after an abdominal computed tomography scan that was performed at the
beginning and at 12 months of follow-up.

Results There were 102 patients that were randomized. After 1 year of follow-up, 22 patients from the vitamin K2 group
and 30 patients from the control group were included in the analysis. After 3 months of treatment, uc-MGP values remained
unchanged in the vitK2 group but after 1 year were reduced by 47% (p =0.005). Furthermore, uc-MGP at 1 year was increased
by 12% in the control group. At 1 year, vitK2 group had significantly lower values of uc-MGP in comparison to controls
(p=0.03). Agatston score was increased significantly both in vitamin K2 and control group at 1 year with no difference
between groups.

Conclusions Oral administration of vitamin K2 in patients on haemodialysis reduced serum uc-MGP levels but did not have
an effect in the progression of aortic calcification.
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Introduction

Vascular calcification (VC) represents an independent risk
factor for cardiovascular disease in hemodialysis patients [1,
2]. Vascular calcification is a complicated and multifactorial
process [3] which can occur with normal aging, but is accel-
erated in certain disease states, including diabetes mellitus,
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cardiovascular disease, and specific genetic diseases [1, 4].
This process involves differentiation of contractile vascular
smooth muscle cells (VSMCs), and pericytes into distinct,
‘osteoblast-like’ cells with a secretory phenotype [5]. These
cells are responsible for “osteoid” such as material depo-
sition (bone matrix), which consists primarily of collagen
I and other non-collagenous bone matrix proteins, includ-
ing osteopontin, bone sialoprotein, osteocalcin, fetuin, and
matrix GLA protein. Cellular components include osteo-
blasts, osteoclasts, chondroblasts, chondroclasts, osteocytes,
lymphocytes, and vascular cells [6, 7]. VC is currently rec-
ognized as an actively regulated process dependent on the
balance between its inducers and inhibitors [8].

Matrix GLA protein (MGP) is one of the most
potent inhibitors of VC and its activation is vitamin K
dependent [9]. Matrix Gla protein (MGP) is an 11-kD
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protein synthesized by vascular smooth muscle (VSMC)
and endothelial cells [10]. Activation of MGP requires
two post-translational modifications: vitamin K-dependent
y-glutamate carboxylation and serine phosphorylation [11].
MGP acts as a potent local inhibitor of vascular calcifica-
tion by directly inhibiting calcium precipitation and crystal-
lization and/or by antagonizing bone morphogenetic protein
(BMP2), which itself promotes osteoblastic differentiation of
VSMC s [12]. Nevertheless, vitamin K (K1 and K2) intake
[13] is low in hemodialysis (HD) patients [14]. Additionally,
patients on HD have high levels of uncarboxylated-MGP,
an inactive form of MGP [11, 15], suggesting a vitamin K
deficiency.

Vitamin K is a group name for several structurally
related compounds including phylloquinone (vitamin K1)
and menaquinones (K2 vitamins) [16]. Menaquinones are
classified according to the length of their aliphatic side
chain and are designated as MK-n, where n stands for the
number of isoprenoid residues in that chain. The synthetic
short-chain vitamin K(1), as well as the natural long-chain
menaquinone-7 (MK-7) are commonly used in food supple-
ments. Both, K(1) and MK-7 are absorbed well, with peak
serum concentrations at 4 h after intake. A major difference
between the two vitamin K species is the very long half-life
time of MK-7, resulting in much more stable serum levels,
and the accumulation of MK-7 to higher levels (7-8-fold)
during prolonged intake [17].

Increasing evidence suggest that patients on dialysis may
benefit from vitamin K2 (MK-7) supplementation [18-20].
Thus, the aim of this study is to investigate the role of oral
vitamin K2 supplementation in the prevention of vascular
calcification progression among haemodialysis patients.

Patients and methods

This was a prospective randomized interventional study, in
end stage renal disease (ESRD) patients on hemodialysis.

Inclusion and exclusion criteria

All patients over age of 18 with ESRD on hemodialysis
were considered for the study. Patients with a medical his-
tory of abdominal aortic surgery, hemodynamically unstable
patients, patients with mental function impairment, atrial
fibrillation or mechanical heart valve receiving acenocou-
marol and those with chronic gastrointestinal disorders, were
excluded.

Examined parameters

Examined comorbidities included; peripheral artery dis-
ease as defined by a history of claudication or relevant
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medical or interventional treatment, diabetes, coronary
arterial disease in patients with a history of myocardial
infarction or positive functional cardiac assessment test
and hypertension in patients on relevant antihypertensive
treatment.

Blood samples were drawn at randomization, at 3 and
at 12 months. Blood samples were taken at the start of
dialysis treatment, in a mid-week session interval at the
dialyzer inlet line. Citrated plasma was obtained after
a 10 min centrifugation at 3000 rounds per minute and
stored at — 20 °C until the analysis. Uncarboxylated MGP
(uc-MGP) concentrations were quantified using ELISA
(Human Uncarboxylated Matrix Gla Protein (ucMGP)
ELISA kit, Cusabio, Catalog No. CSB-EC013789HU). All
measurements were carried out following manufacturer’s
instructions. Haemoglobin and serum calcium, phospho-
rus, albumin, total cholesterol, LDL, HDL, ferritin and
intact parathyroid hormone were measured using standard
laboratory techniques. The laboratory staff carrying the
procedures was blinded to the study set up.

Randomization and vitamin K2 administration

This was an open label trial. All patients in our hemodialysis
unit were screened. Patients who accepted to take part in
the study were randomly assigned into two groups (either to
receive vitamin K2 or no treatment) in 1:1 ratio. Those in the
intervention group (vitamin K2 group) received 200 pgr of
vitamin K2 orally (vitamin K2/MK-7, Solgar) every day for
1 year. Vitamin K2 supplementation was assigned at least
2 h away from any other orally prescribed drug. Patients in
the control group did not receive vitamin K2 supplementa-
tion or placebo. Some patients who were finally assigned
to the vitamin K2 group decided to participate in the study
(with laboratory/imaging control) but refused receiving vita-
min K2 supplementation, they were shifted to the control
group (n="7 patients). No patient received anti-vitamin K
anticoagulant during follow-up.

All patients included in the study provided a written
informed consent. The study protocol was approved by the
local ethic committee and was in accordance with the Hel-
sinki declaration as revised in 2000.

Imaging procedures

An abdominal computed tomography scan (CT) was per-
formed in all patients at the beginning and at 12 months
of follow-up for the quantification of the calcification of
the abdominal aorta. The aortic calcification was evaluated
based on the Agatston score, using Hounsfield units scale as
previously described [21].
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Statistical analysis

All statistical analyses were conducted using SPSS Statistics
21.0, for Windows. A p value of < 0.05 was considered to be
statistically significant. Continuous variables are presented
as mean + standard deviation and skewed continuous data
are presented as medians (first to third quartile). Differ-
ences between the two study groups were tested using inde-
pendent sample ¢ test and for skewed continuous data with
Mann—Whitney test. Differences of each variable in the same
group of patients over the study period were tested using
paired sample ¢ test and for skewed continuous data with
Wilcoxon test. Bivariate correlation analysis was performed
using the Pearson’s correlation coefficient. Categorical data
were tested with Chi-square test.

Results

There were 102 patients that were randomized to receive
either vitamin K2 or no treatment. After 1 year of fol-
low up, 22 patients from the vitamin K2 group (mean age
70.09 + 12.68 years) and 30 patients from the control group
(mean age 64.74 +16.95 years) were included in the study
(Fig. 1). Patients’ compliance was estimated at each hemo-
dialysis session where the patients who participated reported
their daily schedule (habits—treatment—possible complica-
tions—problems) and returned the drug package when it
was empty and then a new one was provided. Drop-outs
from non compliance were considered for those who did
not follow the protocol in terms of dose or frequency. The
drop-outs during the follow-up were similar between the two
study groups. In the vitamin K2 group, 22 patients dropped-
out due to; myocardial infarction (n=7), non compliance
(n=4), pulmonary infection (n =6) and kidney transplanta-
tion (n=35). In the control group 28 patients dropped-out due
to; myocardial infarction (n=6), non compliance (n=12),

Fig.1 Schematic illustration of
study deisign, patient selection,
randomization and drop-outs

pulmonary infection (n=3), kidney transplantation (n=75)
and neoplastic disease (n=2).

There were no significant differences in baseline demo-
graphics, comorbidities and standard lab values between
the study groups. Demographics and comorbidities from
both groups of patients at the beginning of follow-up are
shown in Table 1. Laboratory parameters for both groups of
patients, at the beginning, at 3 months and at the end of the
study are presented in Table 2. Data on use of calcium-based
phosphate binders, vitamin D analogs and cinacalcet during
follow-up are presented in Table 3. All patients received
adequate dialysis dose and had a Kt/V value of over 1.2 in
consecutive monthly measurements. Moreover, nutrition sta-
tus was considered adequate as mean serum albumin values
were above 3.5 g/dl in both groups of patients.

Uc-MGP measurements

Baseline uc-MGP did not differ between study groups
(p =ns). After 3 months of treatment, uc-MGP median

Table 1 Demographics and comorbidities in the vitamin K2 and the
control group, at the beginning and at the end of the study

Vitamin K2 group Control group p value

N=44 N=58

Age (mean+SD), years  70.18+12.48 66.65+164 NS

Years on dialysis 8.38+5.96 7.77+6.36 NS
(mean +SD)

Comorbidities
PAD (%) 19.2 132 NS
CAD (%) 26.5 23.1 NS
HT (%) 27.4 26.5 NS
DM (%) 12.1 11.5 NS
Smoking 9.1 10 NS

PAD peripheral artery disease, CAD coronary artery disease, HT
hypertension, DM diabetes mellitus

Randomization
102 hemodialysis patients

Allocated to vitamin K2:

Allocated to controls:

N=22 within the first year

44 patients 58 patients
Dropped-out: Dropped-out:

N=12 within the first 3 months

N=20 within the first 3 months
N=28 within the first year

Final analysis: N=22

Final analysis: N=30 ‘
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Table 2 Laboratory parameters in the vitamin K2 and the control group, at the beginning, at 3 months and at the end of the study

Laboratory ~ Vitamin K2 group Control group **p
values value
Baseline 3 months 1 year *p value Baseline 3 months 1 year *p value

Hemo- 12.29+0.88 11.96+1.1 12.1+0.72 NS/NS 11.9+1.28 11.66+1.12 11.8+0.87 NS/NS NS/NS
globin,
mg/dl

Creatinine, 9.34+2.42 9.79+2.41 9.5+2.67 NS/NS 8.19+22 8.6+2.08 8.4+2.14 NS/NS NS/NS
mg/dl

Phospho- 5.11+£1.48 5.93+1.49 5.26+1.44 0.003/0.026 53+1.38 54+1.65 525+1.13  NS/NS NS/NS
rus, mg/
dl

Calcium, 8.96+0.8 9.04+0.49 9+0.66 NS/NS 8.78 +£0.64 8.96+0.84 8.76+0.69 NS/0.21  NS/NS
mg/dl

CaxPO4 45.74+13.26  53.66+14.07 47.71+15.48  0.003/0.038 46.71+13.4 48.96 +14.98 46.49+12.04 NS/NS NS/NS

iPTH, pg/ 472.45+320.78 409.6+282 405.5+327 NS/NS 449.97+405.22 428.13+420.362 420.66+368.19 NS/NS NS/NS
ml

serum 4.07+0.28 4.02+0.18 4.02+0.13 NS/NS 3.93+042 4.01+0.3 398+0.26 NS/NS NS/NS
Albumin,
g/dl

Ferritin, 648.5+507.01 596 +502 602 +520 NS/NS 725.1+384.9 718 +306 699+365  NS/NS NS/NS
pg/L

Total cho- 143.94+36.58  144.2+32.3 142.8+36.01 NS/NS 148.73 +34.9 148.2+32.8 147.7+33.72 NS/NS NS/NS
lesterol,
mg/dl

Triglycer- 158.10+81.16 159+80.02 162.1+79.3 NS/NS 164.17+67.72 163.8+70.4 164.5+69.4  NS/NS NS/NS
ids, mg/dl

HDL, mg/ 40.19+13.62  41.03+11.6 40.16+13.01 NS/NS 37.77+13.65 38.4+12.94 38.01+13.9 NS/NS NS/NS
dl

LDL, mg/dl 74.83+39.2 76.02+39.8 73.7+38.8 NS/NS 83+374 79.17+39.8 81+40.02 NS/NS NS/NS

Values are presented as mean + standard deviation apart from iPTH values that median and interquartile range is presented

*p value (paired ¢ test or Wilcoxon test as appropriate) for the baseline to 3 months and 3 months to 1 year measurements in each group of

patients

**p value (independent sample ¢ test or Mann—Whitney test as appropriate) between the two study groups at baseline and at 1 year of follow-up

values remained approximately the same in the vitK2 group
(from 8342 410,047 to 9059 + 8192 ng/ml, p =ns) while
after 1 year of treatment, uc-MGP median values were
reduced by 46.56% from the baseline value (p =0.007) and
by 53% from the 3 months value (p=0.005). Furthermore,
uc-MGP median values in the control group remained the
same during the 1 year of follow-up (from 8903 + 10,517 to
8050+ 12,155 ng/ml, p=ns) (Fig. 2). Baseline and 3 months
median values of uc-MGP between vitK2 and control group
showed no significant difference. Instead, at 1 year, vitK2
group had significantly lower values of uc-MGP in compari-
son to controls (p=0.03). The differences of the medians
of the uc-MGP values between the two groups of patients
during follow-up are shown in Table 4.

Aortic calcification
Aortic calcification (Agatston score) was estimated in
all patients included in the study at the beginning and at

12 months of follow-up. In the control group, Agatston
score increased from 8253 +6298.94 to 11,036.58 +9053.34
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(p=0.01). Likewise, in the vitamin K2 group, Agatston score
was increased from 7827.88 +5493.38 to 10,412.53+7227.2
(»=0.02). There was no significant difference of aortic cal-
cification estimation score between vitamin K2 and control
group either at the start or at on 1 year of follow-up. All
measurements and comparisons between groups of patients
are presented in Table 5 and Fig. 3.

Side effects

During the 1 year of follow-up no side-effects were observed
or described and no drop-outs were attributed to gastrointes-
tinal or other disorders.

Discussion

The concept of correcting Vitamin K deficiency physi-
ologically may help reduce the risk of vascular calcification
in ESRD patients. Thus, the main finding of this study is
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Table 3 Use of Calcium-based phosphate binders, vitamin D analogs and cinacalcet in the vitamin K2 and control groups during follow-up
Vit K2 group Control group *p value
; 3 ; 3 (binder/
Calcium Other Without Total Calcium Other Without Total
group)
based based
Phosphate binders
Baseline 3 34 7 44 3 49 6 58 NS/NS
1st year 3 13 6 22 21 6 30 NS/NS
Vit K2 group Control group
Yes No Total Yes No Total *p value
(vitD/
group)
Vitamin D
Baseline 43 1 44 53 5 58 NS/NS
1st year 21 1 22 26 4 30 NS/NS
Vit K2 group Control group
Yes No Total Yes No Total *p value
(cinacalcet/
group)
Cinacalcet
Baseline 18 26 44 15 43 58 NS/NS
Ist year 12 10 22 14 16 30 NS/NS

*There was no statistically significant difference between the use (yes group) of calcium-based phosphate binders, vitamin D and cinacalcet
between the two study groups at baseline and 1-year observation (Chi-square test)

[ Controls
40000+ = Vit. K2
P=0.03
f 30000+
) P=0.005
=
& 200004
(O]
3 i
> 10000+
0

3 3 12 12
Timepoints (months)

o«
o

Fig.2 ucMGP measurements at baseline, at 3 months and after 1 year
of treatment with vitamin K2 and without treatment (control group).
ucMGP uncarboxylated matrix Gla protein

that K2 administration in dialysis depended ESRD patients
reduces uc-MGP serum levels. Nevertheless, this reduction
does not seem to adequately withhold or subvert vascular
calcification of abdominal aorta as its shown with Agatston
score deterioration in both study groups. Finally, this is the
first trial in humans that the effect of Vitamin K2 supplemen-
tation on vascular calcification is estimated with Agatston
score of abdominal aorta.

Vascular calcification is an energetic, complex and con-
trolled process, where vascular smooth muscle cells (vSMC)

have a central role. Transcription factors, cytokines, proteins
and vesicles characteristic of mature osteoblasts and chon-
drocytes are found in biopsy sections of calcified vessels,
while calcification is made up by inorganic hydroxyapatite.
During this process, vSMC, stem cells from the circulation
and nascent multivalent fibroblasts are phenotypically trans-
formed to osteocyte like cells, leading eventually to vascular
calcification. This conversion is achieved by the expression
of osteopoetic factors such as Cbfo/Runx2, Msx2, osterix
and is favored by factors that are prevalent in the uremic
milieu. In particular, in this active process a variety of fac-
tors can either act as protective agents by inhibiting the cal-
cification of the arterial wall (such as fetuin, Matrix Gla
Protein, osteopontin and inorganic pyrophosphate), or can
promote it (such as high serum concentrations of calcium,
phosphorus and parathormone). In addition, the loss of cal-
cification limiting factors observed in CKD further facili-
tates vascular calcification [22]. Finally, vascular calcifica-
tion may affect different blood vessels in different degree and
in a way that some blood vessels calcify more than others
[23, 24].

As mentioned before, vascular calcification in hemodi-
alysis patients is an active process that in part is regulated
and inhibited by Matrix GLA protein (MGP) which in turn
is activated by vitamin K. Moreover, it is well known that
patients on dialysis have vitamin K deficiency and high
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Table 4 ucMGP measurements at baseline and after 1 year in the vitamin K2 and control group

**p value

Control Vit K2
Baseline 3 months 1 year *p value Baseline 3 months 1 year *p value
Uc MGP (ng/ml)
Median =+ inter- 8903+10,517 7822+8844 8050+12,155 NS/NS  8342+10,047 9059+8192 4218+6505 NS/0.005 0.03

quartile range

Data are presented as median and interquartile range

ucMGP uncarboxylated matrix Gla protein

*The Wilcoxon test was used to compare the uc-MGP values in both groups of patients from baseline to 3 months and 3 months to 1 year

**The Mann—Whitney test was used to compare the different measurements between the two study groups at 1 year of follow up

Table 5 Aortic calcification measurements at baseline and after 1 year of treatment with vitamin K2 and without any treatment (control group)

Baseline

1 year *p

Volume (mm?) Mass (gr)

Agatston score (HU)

value

Volume (mm3) Mass (gr) Agatston score (HU)

Vit K2 group 6343.29+4176.29 2394.42+1905.12  7827.88+5493.38
Control group  6529.25+4689.64  2914.27 +3786.69 8253 +6298.94
p value NS NS NS

8128.64 +5534.46
8609.25 +6781.74

3009.51+2446. 57
3557.06+3033.08

10,412.53+7227.2  0.02

11,036.58£9053. 0.0l
34

NS NS NS

*Comparison of Agatston score with paired sample t-test in both groups of patients at 1 year versus baseline values

[ Controls
250001 A

= P=0.02  vit. K2
T 200001 P=0.01
2
S 15000+
(%]
(7]
S 10000+
ki
S 50004
g

o v T

0 12

Timepoints (months)

Fig.3 Aortic calcification measurements at baseline and after 1 year
of treatment with vitamin K2 and without treatment (control group).
(Data are presented as mean and standard deviation)

uncarboxylated-MGP levels, an inactive form of MGP [25].
The immunohistochemical data reported by Schurgers et al.
demonstrated that uncarboxylated MGP is abundantly pre-
sent in atherosclerotic intima and in media vascular sclerosis,
suggesting local vitamin K deficiency and impaired protec-
tion attributable to poor MGP carboxylation [26]. The find-
ings in this study support all the aforementioned data, as the
serum uc-MGP values were significantly lower in patients
who received vitamin K2 supplementation for 1 year com-
pared to controls. After 1 year of daily oral administration
of 200 pgr of vitamin K2, we observed a 46.56% reduction
of serum uc-MGP from the baseline value. On the contrary,
serum uc-MGP levels remained stable at 1 year in the con-
trol group. This is consistent with the previous observations
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of Aoun et al. where the administration of 360 pgr Menaqui-
none-7 daily, for 4 weeks, effectively reduced uc-MGP up
to 86% [27]. Similarly, Caluwé et al. proved that pharmaco-
logical doses of MK-7, dose-dependently reduced uc-MGP
in patients on dialysis [19].

Puzantian et al. studied large artery stiffening in advanced
CKD and pointed out that CKD is associated with increased
(inactive) uc-MGP [28]. In a murine model, Scheiber et al.
showed that high dose of MK-7 supplementation inhibits the
development of cardiovascular calcification [29]. The KING
trial (vitamin K2 In reNal Graft) was a single-arm study that
evaluated the association between the change in vitamin K
status and indices of arterial stiffness following 8 weeks of
supplementation (360 pg once daily) among renal transplant
recipients. In this study, supplementation of vitamin K2 was
associated with a 14.2% reduction in mean carotid-femoral
pulse wave velocity (cfPWV) at 8 weeks [30]. Despite that,
there are not many studies indicating the direct effect of vita-
min K2 supplementation on vascular calcification inhibition.
Vossen et al., in the ongoing Vita-K CAC trial is expected
to show the effect of vitamin K2 supplementation on pro-
gression of CAC score in a randomized, placebo-controlled
trial [31]. In our study, although uc-MGP values were sig-
nificantly reduced with vitamin K2 supplementation, vas-
cular calcification as measured with Agatston score did not
shown any significant improvement. Furthermore, the aortic
calcification measured in patients treated with vitamin K2,
progressed in the same way, without any significant differ-
ence from the controls.
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In our study there are limitations that must be acknowl-
edged. First of all, although the number of participants at the
beginning of the study was sufficient, a significant propor-
tion of them dropped out. In addition, a longer observational
period and higher vitamin K2 dose would allow for safer
conclusions related especially to the progress of vascular
calcification and hard end points such as cardiovascular
events and mortality.

Although Vitamin K2 supplementation did not show clin-
ically significant regression of vascular calcification, its safe
administration profile renders it a candidate for systematic
dietary supplement in all dialysis patients. Notably, Vitamin
K2 was well tolerated in all patients in this study.

In conclusion, oral administration of vitamin K2 in hae-
modialysis patients reduced serum uc-MGP levels. This
effect though, theoretically positive, seems not to be suf-
ficient to withhold vascular calcification progression which
is a multi-factorial pathophysiologic process. Larger studies
are needed to confirm whether preventive vitamin K2 sup-
plementation is warranted in ESRD patients.
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