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ABSTRACT

Background: Vitamin K occurs in the diet as phylloquinone
and menaquinones. Observational studies have shown that both
phylloquinone and menaquinone intake might reduce cardiovascular
disease (CVD) risk. However, the effect of vitamin K on vascular
calcification is unknown.

Objectives: The aim of this study was to assess if menaquinone sup-
plementation, compared to placebo, decreases vascular calcification
in people with type 2 diabetes and known CVD.

Methods: In this double-blind, randomized, placebo-controlled trial,
we randomly assigned men and women with type 2 diabetes
and CVD to 360 pg/d menaquinone-7 (MK-7) or placebo for
6 mo. Femoral arterial calcification at baseline and 6 mo was
measured with '$sodium fluoride positron emission tomography
("8F-NaF PET) scans as target-to-background ratios (TBRs), a
promising technique to detect active calcification. Calcification mass
on conventional computed tomography (CT) scan was measured
as secondary outcome. Dephosphorylated—uncarboxylated matrix
Gla protein (dp-ucMGP) concentrations were measured to assess
compliance. Linear regression analyses were performed with either
TBR or CT calcification at follow-up as the dependent variable,
and treatment and baseline TBR or CT calcification as independent
variables.

Results: We randomly assigned 35 patients to the MK-7 group (33
completed follow-up) and 33 to the placebo group (27 completed
follow-up). After the 6-mo intervention, TBR tended to increase
in the MK-7 group compared with placebo (0.25; 95% CI: —0.02,
0.51; P = 0.06), although this was not significant. Log-transformed
CT calcification mass did not increase in the intervention group
compared with placebo (0.50; 95% CI: —0.23, 1.36; P = 0.18). MK-
7 supplementation significantly reduced dp-ucMGP compared with
placebo (—205.6 pmol/L; 95% CI: —255.8, —155.3 pmol/L). No
adverse events were reported.

Conclusion: MK-7 supplementation tended to increase active
calcification measured with '®F-NaF PET activity compared with
placebo, but no effect was found on conventional CT. Additional
research investigating the interpretation of '®F-NaF PET activity
is necessary. This trial was registered at clinicaltrials.gov as
NCT02839044.  Am J Clin Nutr 2019;110:883-890.
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Introduction

Vascular calcification is associated with a 3- to 4-fold
increased risk of cardiovascular events (1, 2). In the past,
vascular calcification was viewed as a passive process of calcium
deposition, but evidence has shown that vascular calcification
is an active process regulated by stimulators and inhibitors
(3). Matrix Gla protein (MGP), a vitamin K-dependent protein,
functions as an inhibitor of vascular calcification (4). This
function of MGP was first shown in MGP knockout mice, which
resulted in initiation and progression of vascular calcification
(4). Multiple observational studies have since shown that low
levels of inactive MGP, dephosphorylated—uncarboxylated MGP
(dp-ucMGP), are associated with less vascular calcification and
reduced cardiovascular disease (CVD) risk (5). Vitamin K is
suggested to reduce vascular calcification and risk of CVD.

Vitamin K is fat-soluble and occurs in 2 different forms,
phylloquinone (vitamin K-1) and menaquinones (vitamin K-2).
Phylloquinone is mainly derived from green leafy vegetables,
whereas menaquinones mainly occur in fermented animal
products such as cheese and meat (6). Phylloquinone and
menaquinones have the same chemical structure but differ in the
length and saturation degree of the side chain (7). Menaquinones
have a longer half-life and a higher bioavailability.

Multiple observational studies have shown a reduced CVD
risk with high vitamin K intake (5), although the evidence is not
conclusive. To date, 2 studies have investigated the effect of phyl-
loquinone supplementation on vascular calcification and have
shown reduced progression in older men and women (8) and in
chronic kidney disease patients (9). The effect of menaquinones
on vascular calcification has not been investigated, although 2
intervention studies have shown a reduced vascular stiffness
after menaquinone supplementation (10, 11), and another study
did not find an effect of menaquinone supplementation on
vascular stiffness or other markers of vascular health (12).
None of the trials investigated the effect of vitamin K and
vascular calcifications in people with type 2 diabetes, although
vascular calcification is prevalent in ~70% of people with
type 2 diabetes (1). Finally, vascular calcification is an active
process, but none of the studies measured the active vascular
calcification. '®Sodium fluoride positron emission tomography
('8F-NaF PET) is a promising technique to detect early changes in
active vascular calcification before calcifications become visible
by computed tomography (CT) (13). Therefore, this double-
blind, randomized placebo-controlled trial aimed to investigate
the effect of 6 mo of menaquinone-7 (MK-7) supplementation
on active vascular calcification, measured by '8F-NaF PET
activity, in people with type 2 diabetes and a history o
f CVD.

Methods

Study design and study population

This study is a double-blind, randomized placebo-controlled
trial. Participants were recruited through a pre-existing diabetes
cohort study (Utrecht participants only) (14), a Julius Center
database of subjects who are interested in participating in studies,
and via outpatient clinics of the University Medical Center
Utrecht and Diakonessenhuis Utrecht. Participants who met

the following criteria were included in the study: men and
women aged >40 y with diagnosed type 2 diabetes and pre-
existing CVD, because vascular calcification is highly prevalent
in this patient group, and an estimated glomerular filtration rate
(eGFR) >30. Exclusion criteria were vitamin K antagonist use,
use of (multi)vitamins with vitamin K, unwillingness to stop
vitamin K use before randomization, and known coagulation
problems such as deep vein thrombosis. All participants gave
written informed consent prior to participation. This trial was
approved by the institutional review board of the University
Medical Center Utrecht and registered at clinicaltrials.gov as as
NCT02839044.

Intervention

Participants were randomly assigned to 360 ug MK-7 daily
or a placebo supplement for 6 mo. Participants received daily
2 tablets of MK-7 (Nattopharma) or placebo (Legosan), which
were similar in taste and appearance. Participants were asked
to take the tablets with their evening meal. At the start and
at the end of the study, MK-7 and placebo tablets were
measured for MK-7 content to assess the stability of the
tablets (Maastricht University). HPLC, reversed-phase C-18
column, and fluorometric after post column electrochemical
reduction were used to determine the free vitamin K-2 (MK-7)
concentration. During the entire study, the MK-7 content was
stable, with 262 ug MK-7 at the start and 223 pg MK-7 at the end
of the study. Because this is not a standard biomarker test, this
might be an overestimation. Participants returned their leftover
tablets, and we calculated the compliance as the number of tablets
actually taken divided by the number of tablets that should have
been taken. dp-ucMGP serves as a marker for vitamin K status,
where low dp-ucMGP concentrations represent long-term high
vitamin K intake (15). Therefore, dp-ucMGP was measured at
baseline, 3 mo, and 6 mo to assess whether participants were
compliant to the treatment. dp-ucMGP was measured with the
sandwich ELISA method using the IDS Automated Analyser
IDS-iSYS InaKtif MGP assay (Maastricht University).

Participants were randomly assigned in a 1:1 ratio, stratified
for sex, performed by the data management department through
a computerized method. A list of numbers was created, and the
researcher only received a medication number. During the study,
the randomization code was kept at the data management and
pharmacy departments.

Study endpoints

The primary outcome was active vascular calcification,
measured as femoral arterial wall 'F-NaF PET activity measured
at baseline and 6 mo. '8F-NaF PET activity is promising
for detecting early changes in active deposition of vascular
calcification before calcifications become visible on CT, due to
the binding of the tracer to hydroxyapatite, thereby enabling
the detection of microcalcifications. Therefore, this method is
suitable to detect changes in active calcification during a 6-mo
intervention period. 'F-NaF PET activity is prevalent in the
femoral arteries because medial calcification mostly resembles
bone formation. In addition, femoral uptake can easily be
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evaluated without activity spillover from adjacent bones, in
contrast to abdominal aortic uptake (16).

BF-NaF PET CT scans were conducted at baseline and
after 6 mo on a Siemens Biograph 40 scanner (Siemens
Healthcare). Ninety minutes before imaging, participants re-
ceived an intravenous injection of 2.0 MBg/kg '®F-NaF, with
a maximum dosage of 200 MBq. The primary outcome was
the target-to-background ratio (TBR) measured in the femoral
artery.

The maximal standardized uptake value (SUV,,x) was mea-
sured in the left and right femoral artery, from the bifurcation
of the femoral artery to the femur condyles (IntelliSpace Portal
v8.0; Philips Healthcare). Slice thickness was 5 mm, with a slice
interval of 4 mm. The mean of the SUV,,,x of the left and right
femoral artery was calculated (mean number of 47 measurements
per patient). Second, the blood pool was determined in the
superior vena cava on consecutive slices starting at the aortic
arch. Three measurements of the mean standardized uptake
value (SUV nean) Were performed and an average was used. The
femoral TBR was calculated by the SUV .« in the femoral artery
divided by the SUV e,y in the vena cava. Vascular calcification
on conventional CT images was measured as a secondary
outcome. Calcification in both left and right femoral artery
was measured using in-house—developed software (iX Viewer;
Image Sciences Institute), using a threshold of 130 Hounsfield
units for calcium. Calcification mass score was computed as
the product of the volume of the lesion (in milliliters) and
the mean attenuation (in Hounsfield units) of the lesion (17).
Similar to the PET/CT images, we measured calcification from
the bifurcation of the femoral artery to the femur condyles. Both
TBR and arterial calcification measurements were performed by
1 investigator (RvA), blinded for treatment and patient character-
istics. Three investigators, blinded for all characteristics, assessed
10 randomly selected participants (5 baseline and 5 follow-
up measurements) to calculate the interobserver reliability for
TBR measurements, and 20 randomly selected participants for
calcification mass (10 baseline and 10 follow-up measurements).
The intraclass correlation for the interobserver reliability was
0.98 (95% CI: 0.94, 0.99) for TBR measurements and 0.998
(95% CI: 0.995, 0.999) for calcification mass using conventional
CT imaging.

Other measurements

Participants visited the University Medical Center Utrecht at
baseline and after 3 and 6 mo. During these visits, lifestyle
questionnaires were obtained, including disease history, medica-
tion use, and smoking habits. During each visit, anthropometric
measurements including height, weight, and waist and hip
circumference were performed twice, and a mean value was
calculated. Ankle-brachial index (ABI), a measurement of
arterial stiffness, was measured at baseline. ABIs were calculated
by dividing the highest average arm systolic blood pressure by
the highest of the ankle pressures of that leg. Blood pressure
was measured twice in the sitting position using an automated
oscillomat (Omron HEM-907). Nonfasting blood samples were
drawn, and glycated hemoglobin, creatinine, and lipid levels
were measured. eGFR was calculated using the MDRD formula.
Finally, participants were asked to complete a 3-d food record
to obtain the dietary vitamin K intake. The food record included

3 nonconsecutive days, including 2 weekdays and 1 weekend
day, and consisted of a prespecified format for breakfast, lunch,
dinner, and snacks. The food records were analyzed using Evry
(Ensemble BV), based on the Dutch national food composition
table (2013) (18) and a previously described vitamin K food
content database (19). The energy-adjusted intakes of total
vitamin K, phylloquinone, and menaquinones were calculated
using the residual method.

Statistical analysis

The sample size was calculated based on a previous study
including '®F-NaF PET CT, showing a mean TBR of 1.96 (16).
With a power of 80%, a 2-sided « of 5%, an SD of the difference
in TBR between baseline and follow-up of 0.41, and a 15%
dropout rate, 70 participants were required to detect a 15%
difference in TBR. A 15% difference was also found in previous
studies investigating the effect of vitamin K on coronary artery
calcification (8, 9).

Baseline characteristics were described as percentages,
means + SDs, or medians (IQRs) as appropriate per treatment
arm, and clinically relevant baseline differences between treat-
ment arms were visually assessed. The primary endpoint was
TBR, and log-transformed calcification mass was included as
a secondary endpoint. Absolute differences between baseline
and follow-up were calculated. Linear regression analyses were
performed with the follow-up calcification measurement as
outcome and treatment and baseline calcification measurement
as independent variables (e.g., TBR at follow-up = interven-
tion + TBR at baseline). We used linear regression models
because analyzing change scores does not appropriately control
baseline imbalances (20). Because baseline CT calcification
mass, phylloquinone intake, and a low ABI differed between
the intervention and placebo groups at baseline, we adjusted
for these variables in a secondary analysis. Due to the baseline
difference in calcification mass between treatment arms and
the strong predictive value of baseline calcification mass on
progression of calcification mass (21, 22), we assessed the
correlation between baseline and difference between baseline
and follow-up measurements for calcification mass and TBR
using Spearman’s correlation coefficients. Because baseline
calcification mass was correlated with change in calcification
mass, we excluded participants with no calcification at baseline
and with a calcification mass score >1000 (arbitrarily chosen) in
post-hoc analyses.

All measurements and analyses were performed blinded to
treatment. There were no missing data for the imaging, the
outcome measurement of interest. In the adjusted models, 2
participants had missing information on phylloquinone intake,
and median phylloquinone intake was imputed. Analyses were
performed with R version 3.2.2, and P < 0.05 was considered
statistically significant.

Results

A total of 108 patients were screened for participation in
this study; 40 patients were ineligible, mainly because of the
absence of CVD or because they declined to participate (Figure
1). Sixty-eight patients were randomly assigned: 35 to the MK-
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108 participants were
assessed for eligibility

28 no history of CVD;
6 declined to participate;
o | 2eGFR<30;

\ 4

68 participants were
randomized

"1 2 unwilling to stop multivitamins;
1 used vitamin K antagonists;
1 known coagulation problem.

\ 4

\ 4

35 randomized to
menaquinone-7

!

33 randomized to
placebo

!

1 withdrew consent
1 unable to complete
follow up

6 withdrew consent

!

33 included in analysis

!

27 included in analysis

FIGURE 1 Flowchart of study participation. CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate.

7 group and 33 to the placebo group. Eight patients were
lost to follow-up (MK-7 group: 2; placebo group: 6). Reasons
for loss to follow-up were unrelated to the intervention and
mainly due to technical problems during the first PET/CT
acquisition.

Baseline characteristics are shown in Table 1. The study
included 16 women (24%), and the mean age was 69.1 y
(SD = 8.4). Participants in the MK-7 group had higher baseline
calcification levels, higher phylloquinone intake, and more
often a low ABI compared with the placebo group. Baseline
characteristics of participants with a complete follow-up were
comparable to those of the randomly assigned participants
(Supplemental Table 1).

The absolute differences between baseline and 6-mo inter-
vention are presented in Figure 2. After 6-mo intervention,
TBR tended to increase, with 0.25 in the MK-7 group (95%
CI: -0.02, 0.51; P = 0.06) compared with placebo. Log-
transformed calcification mass did not increase in the MK-
7 group compared with placebo (0.50; 95% CI: —0.24, 1.23;
P = 0.18), although this result was not statistically significant
(Table 2). Adjustment for baseline characteristics (baseline
calcification mass, phylloquinone intake, and low ABI) did not
alter these results.

TBR and calcification mass were modestly correlated at
baseline (r = 0.47; 95% CI: 0.27, 0.64). Furthermore, baseline
calcification mass was modestly correlated with change in
calcification mass between baseline and 6 mo (r = 0.53; 95%
CI: 0.32, 0.69), whereas TBR at baseline was not correlated with
change in TBR levels during follow-up (r = —0.01; 95% CI:
—0.35, 0.15). Finally, change in TBR was not correlated with

change in calcification mass (r = 0.14; 95% CI: —0.12, 0.38).
Based on the correlation between calcification at baseline and
change in calcification mass, we excluded participants with no
calcification at baseline (n = 3), which resulted in a similar effect
of MK-7 compared with placebo on TBR for 6-mo intervention
(Table 2), whereas calcification mass significantly increased
(model 1: 0.22; 95% CI: 0.04, 0.41; P = 0.02). When excluding
participants with a high calcification mass at baseline (n = 3), the
results were similar to those in the full study population for both
TBR and calcification mass.

MK-7 supplementation significantly reduced inactive MGP
concentrations after 3 mo of intervention compared with placebo
(—205.6 pmol/L; 95% CI: —255.8, —155.3 pmol/L; P < 0.01)
(Figure 3). This effect of MK-7 compared with placebo was
sustained after 6 mo (—202.7 pmol/L; 95% CI: —272.5, —132.8
pmol/L; P < 0.01), indicating high compliance. According to pill
count, compliance was also high: 97.4% (95% CI: 92.3%, 99.1%)
in the intervention group and 97.8% (95% CI: 94.2%, 99.7%) in
the placebo group. No serious adverse events were reported.

Discussion

In contrast to our hypothesis, active vascular calcification
on '8F-NaF PET scan tended to increase after MK-7 supple-
mentation compared with placebo during 6-mo intervention. In
addition, no effect of MK-7 supplementation on CT calcification
mass was found. Therefore, this study does not support that MK-7
supplementation inhibits vascular calcification.

This study has several strengths. First, it is a randomized,
double-blind, placebo-controlled design with high compliance
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TABLE 1 Baseline characteristics of all randomly assigned participants

887

Characteristics Vitamin K (n = 35)! Placebo (n = 33)!
Age,y 69.1 &+ 8.4 69.1 + 8.4
Women, n 9 (25.7) 7(21.2)
BMI, kg/m? 31.1 £ 5.6 31.1 £ 5.0
Systolic BP, mm Hg 136.0 + 20.5 137.8 + 14.3
Diastolic BP, mm Hg 69.8 + 114 73.5 £ 9.5
Current smoker, n 6(17.1) 4(12.1)
Higher educated, n 15 (42.9) 13 (39.4)
Vitamin D supplements, n 23 (65.7) 24 (72.7)
ABI <0.9 16 (45.7) 9(27.3)
Laboratory measurements
HbAlc, mmol/mol 57.1 £ 14.8 59.6 £ 17.1
eGFR, mL/min/1.73 m? 79.2 + 26.2 86.6 £ 26.1
Total cholesterol, mmol/L 45 + 1.3 42 + 1.2
HDL cholesterol, mmol/L 1.1 £0.3 1.1 £ 0.3
LDL cholesterol, mmol/L 2.1 +£09 2.0 £ 0.9
Triglycerides, mmol/L 2.8 (1.8-3.4) 1.9 (1.5-2.7)

dp-ucMGP, pmol/L
Energy-adjusted vitamin K intake

Total vitamin K, microgram

Phylloquinone, mg

Menaquinones, mg
Calcification measurements

TBR

CT calcification mass

613 (513-684) 615 (489-743)

167 (138-288) 141 (117-193)

124.8 (100-225) 94 (73-149)

49 (35-57) 48 (33-52)

22+ 0.7 2.1 £ 06
196.0 (32.5-424.0) 44.9 (9.6-409.5)

'Values are means + SDs, medians (IQRs), or n (%). ABI, ankle—brachial index; BP, blood pressure; CT, computed tomography; dp-ucMGP,
dephosphorylated—uncarboxylated matrix Gla protein; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; TBR, target-to-background

ratio.

and interobserver reliability for assessment of imaging. Second,
this is the first study to investigate the effect of MK-7
supplementation in patients with type 2 diabetes, who are known
to be prone to medial calcification (23). Finally, an innovative
measurement of vascular calcification was used as the primary
endpoint, allowing sensitive detection of changes in vascular
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calcification activity (13). However, some limitations need to
be addressed, which might partially explain the unexpected
results. The dropout rate was relatively high, especially in
the placebo group. Although the reasons for dropout were
unrelated to treatment, it may have reduced power to detect the
effects of vitamin K supplementation. However, if we recalculate

°
B
= 300
§ 19.7 (2.2-51.4) 4.3 (0.1-20.4)
2 °
@
<
€
g °
© 200
2 °
@ °
£ °
S . .
8 100 °
:‘_5
©
o °
£
<)
& O
<
O

°

Vitamin K (n = 33) Placebo (n = 27)

FIGURE 2 Absolute changes in TBR (left) and calcification mass (CT; right) in the placebo and vitamin K group between baseline and 6-mo intervention,
presented as medians = SDs and medians (IQRs), respectively. CT, computed tomography; TBR, target-to-background ratio.
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TABLE 2 Results of linear regression analyses and sensitivity analyses excluding participants without baseline calcification and with high baseline

calcification levels

Linear regression P value

TBR (n = 60)

Model 1 0.25 (-0.02,0.51) 0.06

Model 2 0.31 (0.02, 0.60) 0.03
Sensitivity analyses 1 (n = 57)

Model 1 0.24 (—0.03, 0.52) 0.08

Model 2 0.32(0.02, 0.62) 0.04
Sensitivity analyses 2 (n = 54)

Model 1 0.24 (—0.04, 0.52) 0.09

Model 2 0.34 (0.04, 0.64) 0.03
Calcification mass (n = 60)!

Model 1 0.50 (—0.24, 1.23) 0.18

Model 2 0.40 (—0.36, 1.16) 0.30
Sensitivity analyses 1 (n = 57)!

Model 1 0.22 (0.04,0.41) 0.02

Model 2 0.27 (0.08, 0.47) <0.01
Sensitivity analyses 2 (n = 54)!

Model 1 0.42 (—0.32, 1.16) 0.26

Model 2 0.41 (-0.37, 1.19) 0.29

'Values are log-transformed values (95% Cls). Model 1: linear regression models included outcome measurement as the dependent variable, and
intervention and baseline measures were used as independent values. Model 2: additionally adjusted for calcification mass, phylloquinone intake, and
ankle—brachial index. Sensitivity analyses 1: exclusion of 3 participants with no baseline calcification mass (CT), n = 57. Sensitivity analyses 2: exclusion of
6 participants with baseline calcification mass score <1000 (CT), n = 54. CT, computed tomography; TBR, target-to-background ratio.

the sample size using the mean and SD of this study, the
study has the statistical power of 85% to detect changes in
vascular calcification despite the high dropout rate. Importantly,
the baseline characteristics of the subjects who completed

follow-up were comparable to those of all randomly assigned
participants, making selection bias unlikely. However, the
primary outcome parameter—that is, vascular calcification—was
unexpectedly higher in the vitamin K treatment group, despite

1000 615 (489-743) 613 (513-684)

750

dp-ucMGP levels in pmol/L

500

671 (520-733) 441 (375-503)

654 (552-734) 416 (370-552)

Baseline

3 months

6 months

FIGURE 3 dp-ucMGP concentrations in the placebo and vitamin K group at baseline, 3 mo, and 6 mo intervention, including medians and IQRs. The
gray boxes represent the vitamin K group (n = 33), and the black boxes represent the placebo group (n = 27). dp-ucMGP, dephosphorylated—uncarboxylated

matrix Gla protein.
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randomization, which might have influenced the results. Finally,
our diabetes patient cohort did not show a severe vitamin K
deficiency.

A previous study investigating the effect of phylloquinone
supplementation on coronary artery calcification showed a
protective effect of vitamin K supplementation in older men and
women (8). In addition, a recent study in patients with aortic valve
calcification supplemented with vitamin K for 1 y found a 50%
inhibition of progression of vascular calcification (9). Our study
is the first to assess the effect of MK-7 on vascular calcification
measured by I8E_NaF activity. To date, the effect of MK-7 has
been studied only in association with arterial stiffness, which
showed a beneficial effect of MK-7 supplementation on pulse
wave velocity (10, 11). Only 1 study did not detect an effect of
MK-7 supplementation on arterial stiffness and physical function
during 6-mo follow-up, which was probably due to the low-
dose MK-7 supplementation (100 pg) and relative short follow-
up period to detect changes in arterial stiffness (12). The MK-7
dosage in our study was much higher than that in the previously
mentioned trial. The follow-up period in our study was similar
to that of the previous study, but because '8F-NaF PET scan is
designed to detect early changes in calcification, it is not likely
that the follow-up period explains our results.

Based on the previously mentioned studies, we hypothesized
that MK-7 supplementation would hold vascular calcification
progression, resulting in lower '8F-NaF PET activity. Contrary to
our hypothesis, '8F-NaF activity tended to increase in the MK-7
group compared with the placebo group, although these results
lacked statistical significance. One reason for this unexpected
result might be the difference in calcification mass at baseline,
which was higher in the MK-7 group than in the placebo
group, despite randomization. Previous studies on determinants
of coronary artery calcification (CAC) progression showed that
a high baseline CAC burden was the strongest predictor of CAC
progression (21, 22). In line with this, in our study a high baseline
calcification mass was correlated with an increase in calcification
mass during follow-up. Because calcification mass was higher
in the MK-7 group at baseline, this may explain the higher
progression of vascular calcification in this group compared with
the placebo group. However, excluding participants with high
baseline calcification mass only slightly attenuated the effect of
MK-7 supplementation on change in calcification mass compared
with placebo and did not alter our results for TBR.

Another explanation for these results may concern the
interpretation of '8F-NaF PET activity as a marker of active
calcification. '8F-NaF PET activity is promising to detect
early changes in active deposition of vascular calcification
probably before calcifications become visible on CT, due to
the binding of the tracer to hydroxyapatite, thereby enabling
the detection of microcalcifications (24). Our study is the
second trial using '8F-NaF PET activity for treatment follow-
up. One previous trial investigating the effect of etidronate on
vascular calcification in patients with pseudoxanthoma elasticum
found no effect on '8F-NaF PET activity in the femoral artery,
whereas CT images showed a significant reduction of vascular
calcification in the intervention group (25). This challenges our
understanding of what '®F-NaF PET activity in femoral arteries
actually represents. In addition, in some studies, some areas of
macrocalcification showed no '3F-NaF uptake, whereas other
areas with microcalcification showed high '8F-NaF uptake (26).

Macrocalcifications have a larger volume but a small surface area,
whereas microcalcifications have a large surface area. Because
8F-NaF is only incorporated into the outer surface, our results
might reveal a shift from macro- to microcalcification with MK-
7 supplementation, by which '8F-NaF uptake increases as seen
in our results (26). In our study, changes in '*F-NaF PET activity
were directionally concordant with changes in calcification mass;
therefore, this does not fully explain our results. Currently,
multiple studies are investigating whether '8F-NaF PET activity
can identify the vulnerable atherosclerotic plaque, which might
shed light on the interpretation of our study results.

Finally, our hypothesis could be influenced by the absence of
a severe vitamin K deficiency in patients with type 2 diabetes,
although the dp-ucMGP concentrations in this study showed
some evidence of low vitamin K concentrations because dp-
ucMGP >300 pmol/L is considered to be in the normal healthy
range. Vitamin K deficiency has been shown to be a major
contributor to vascular calcification in other patients groups with
more severe deficiencies, such as chronic kidney disease patients.
Results of ongoing clinical trials studying the effect of MK-7 on
vascular calcification in these patient populations are awaited.

In conclusion, vitamin K supplementation tended to increase
BF-NaF activity compared with placebo and did not hold or
reduce active calcification. In addition, the use of vitamin
K supplementation did not reduce progression of vascular
calcification as measured by conventional CT. Results of ongoing
trials with vitamin K supplementation and further research
investigating the interpretation of '®F-NaF PET activity coupled
with higher-resolution imaging are needed to fully understand the
effects of vitamin K on vascular calcification.

The authors’ responsibilities were as follows: SRZ, PAdJ, YTvdS, and
JWIB: designed the research; SRZ, PAdJ, JWB, RvA, JMW, YTvdS, and
JWIB: conducted the research; SRZ and JWIJB: analyzed the data; SRZ,
PAdJ, YTvdS, and JWJB: wrote the manuscript; JW, HdV, RHJAS, GL, IMW,
GJdB, JAVH, MAvdR, and LJS: critically reviewed the manuscript; and all
authors: read and approved the final manuscript. None of the authors reported
a conflict of interest related to this study.

References

1. Kramer CK, Zinman B, Gross JL, Canani LH, Rodrigues TC, Azevedo
MIJ, Retnakaran R. Coronary artery calcium score prediction of all cause
mortality and cardiovascular events in people with type 2 diabetes:
systematic review and meta-analysis. BMJ 2013;346:£1654.

2. Rennenberg RIMW, Kessels AGH, Schurgers LJ, Van Engelshoven
JMA, De Leeuw PW, Kroon AA. Vascular calcifications as a marker of
increased cardiovascular risk: a meta-analysis. Vasc Health Risk Manag
2009;5:185-97.

3. Evrard S, Delanaye P, Kamel S, Cristol JP, Cavalier E, Arnaud J, Zaoui
P, Carlier MC, Laville M, Fouque D, et al. Vascular calcification: from
pathophysiology to biomarkers. Clin Chim Acta 2015; 438: 401-14.

4. Luo G, Ducy P, McKee MD, Pinero GJ, Loyer E, Behringer RR,
Karsenty G. Spontaneous calcification of arteries and cartilage in mice
lacking matrix GLA protein. Nature 1997;386:78-81.

5. van Ballegooijen AJ, Beulens JW. The role of vitamin K status in
cardiovascular health: evidence from observational and clinical studies.
Curr Nutr Rep 2017;6:197-205.

6. Schurgers LJ, Vermeer C. Determination of phylloquinone and
menaquinones in food. Haemostasis 2000;30:298-307.

7. Beulens JWJ, Booth SL, van den Heuvel EGHM, Stoecklin E, Baka A,
Vermeer C. The role of menaquinones (vitamin K2) in human health.
BrJ Nutr 2013;110:1357-68.

8. Shea MK, O’Donnell CJ, Hoffmann U, Dallal GE, Dawson-Hughes
B, Ordovas JM, Price PA, Williamson MK, Booth SL. Vitamin K



890

12.

13.

14.

15.

16.

Zwakenberg et al.

supplementation and progression of coronary artery calcium in older
men and women. Am J Clin Nutr 2009;89:1799-807.

. Brandenburg VM, Reinartz S, Kaesler N, Kriiger T, Dirrichs T,

Kramann R, Peeters F, Floege J, Keszei A, Marx N, et al. Slower
progress of aortic valve calcification with vitamin K supplementation:
results from a prospective interventional proof-of-concept study.
Circulation 2017;135:2081-3.

. Mansour AG, Hariri E, Daaboul Y, Korjian S, El Alam A,

Protogerou AD, Kilany H, Karam A, Stephan A, Bahous SA. Vitamin
K2 supplementation and arterial stiffness among renal transplant
recipients—a single-arm, single-center clinical trial. J Am Soc
Hypertens 2017;11:589-97.

. Knapen MHJ, Braam LAJLM, Drummen NE, Bekers O, Hoeks APG,

Vermeer C. Menaquinone-7 supplementation improves arterial stiffness
in healthy postmenopausal women: double-blind randomised clinical
trial. Thromb Haemost 2015;113:1135-44.

Fulton RL, McMurdo MET, Hill A, Abboud RJ, Arnold GP, Struthers
AD, Khan F, Vermeer C, Knapen MHJ, Drummen NEA. Effect of
vitamin K on vascular health and physical function in older people
with vascular disease—a randomised controlled trial. J Nutr Heal Aging
2016;20:325-33.

Joshi N V., Vesey AT, Williams MC, Shah AS V, A Calvert P,
Craighead FHM, Yeoh SE, Wallace W, Salter D, Fletcher AM, et al. 18p.
fluoride positron emission tomography for identification of ruptured and
high-risk coronary atherosclerotic plaques: a prospective clinical trial.
[Internet]. Lancet 2014;383:705—13. Available from: http://dx.doi.org/1
0.1016/S0140-6736(13)61754-7.

Van’t Riet E, Schram MT, Abbink EJ, Admiraal WM, Dijk-Schaap
MW, Holleman F, Nijpels G, Ozcan B, Pijl H, Schaper NC, et al. The
Diabetes Pearl: diabetes biobanking in the Netherlands. BMC Public
Health 2012;12: 949.

Brandenburg VM, Schurgers LJ, Kaesler N, Piische K, van Gorp
RH, Leftheriotis G, Reinartz S, Koos R, Kriiger T. Prevention of
vasculopathy by vitamin K supplementation: can we turn fiction into
fact? Atherosclerosis 2015;10-6.

Janssen T, Bannas P, Herrmann J, Veldhoen S, Busch JD, Treszl A,
Miinster S, Mester J, Derlin T. Association of linear '8F-sodium fluoride
accumulation in femoral arteries as a measure of diffuse calcification
with cardiovascular risk factors: a PET/CT study. J Nucl Cardiol
2013;20:569-77.

. Hoffmann U, Kwait DC, Handwerker J, Chan R, Lamuraglia G, Brady

TJ. Vascular calcification in ex vivo carotid specimens: precision and

18.

19.

20.

21.

22.

23.

24.

25.

26.

accuracy of measurements with multi-detector row CT. [Internet].
Radiology 2003;229:375-81. Available from: http://www.ncbi.nlm.nih
.gov/pubmed/14526093.

Stichting NEVO. Nederlands Voedingsstoffen bestand. [Internet].
Available from: http://nevo-online.rivm.nl/ProductenZoeken.aspx.
Zwakenberg SR, Engelen AIP, Dalmeijer GW, Booth SL, Vermeer
C, Drijvers JJIMM, Ocke MC, Feskens EJM, Van Der Schouw
YT, Beulens JWI. Reproducibility and relative validity of a food
frequency questionnaire to estimate intake of dietary phylloquinone and
menaquinones. Eur J Clin Nutr 2017;71:1423-8.

Vickers AJ, Altman DG. Statistics notes: analysing controlled trials with
baseline and follow up measurements. [Internet]. BMJ 2001;323:1123—
4. Available from: http://www.bmj.com/cgi/doi/10.1136/bm;j.323.7321
.1123.

Diederichsen SZ, Grgnhgj MH, Mickley H, Gerke O, Steffensen
FH, Lambrechtsen J, Rgnnow Sand NP, Rasmussen LM,
Olsen MH, Diederichsen A. CT-detected growth of coronary
artery calcification in asymptomatic middle-aged subjects and
association with 15 biomarkers. JACC Cardiovasc Imaging 2017;10:
858-66.

Min JK, Lin FY, Gidseg DS, Weinsaft JW, Berman DS, Shaw LJ,
Rozanski A, Callister TQ. Determinants of coronary calcium conversion
among patients with a normal coronary calcium scan. J Am Coll Cardiol
2010;55:1110-7.

Lehto S, Niskanen L, Suhonen M, Roénnemaa T, Laakso M.
Medial artery calcification: a neglected harbinger of cardiovascular
complications in non-insulin-dependent diabetes mellitus. Arterioscler
Thromb Vasc Biol 1996;16:978-83.

Hop H, de Boer SA, Reijrink M, Kamphuisen PW, de Borst MH,
Pol RA, Zeebregts CJ, Hillebrands JL, Slart RHJA, Boersma HH,
et al. '8F-sodium fluoride positron emission tomography assessed
microcalcifications in culprit and non-culprit human carotid plaques.
J Nucl Cardiol 2018 [Epub ahead of print].

Kranenburg G, de Jong PA, Bartstra JW, Lagerweij SJ, Lam MG,
Ossewaarde-van Norel J, Risseeuw S, van Leeuwen R, Imhof SM,
Verhaar HJ, et al. Etidronate for prevention of ectopic mineralization
in patients with pseudoxanthoma elasticum. J Am Coll Cardiol
2018;71:1117-26.

Irkle A, Vesey AT, Lewis DY, Skepper JN, Bird JLE, Dweck MR, Joshi
FR, Gallagher FA, Warburton EA, Bennett MR, et al. Identifying active
vascular microcalcification by '$F-sodium fluoride positron emission
tomography. Nat Commun 2015;6:7495.


http://dx.doi.org/10.1016/S0140-6736(13)61754-7
http://www.ncbi.nlm.nih.gov/pubmed/14526093
http://nevo-online.rivm.nl/ProductenZoeken.aspx
http://www.bmj.com/cgi/doi/10.1136/bmj.323.7321.1123

