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Abstract

Purpose Vitamin K-dependent proteins are involved in (patho)physiological calcification of the vasculature and the bones.
Type 2 diabetes mellitus (DM2) is associated with increased arterial calcification and increased fractures. This study investi-
gates the effect of 6 months vitamin K2 supplementation on systemic arterial calcification and bone mineral density (BMD)
in DM2 patients with a history of cardiovascular disease (CVD).

Methods In this pre-specified, post hoc analysis of a double-blind, randomized, controlled clinical trial, patients with DM2
and CVD were randomized to a daily, oral dose of 360 pg vitamin K2 or placebo for 6 months. CT scans were made at base-
line and follow-up. Arterial calcification mass was quantified in several large arterial beds and a total arterial calcification
mass score was calculated. BMD was assessed in all non-fractured thoracic and lumbar vertebrae.

Results 68 participants were randomized, 35 to vitamin K2 (33 completed follow-up) and 33 to placebo (27 completed
follow-up). The vitamin K group had higher arterial calcification mass at baseline [median (IQR): 1694 (812-3584) vs
1182 (235-2445)] for the total arterial calcification mass). Six months vitamin K supplementation did not reduce arterial
calcification progression (f [95% CI]: — 0.02 [— 0.10; 0.06] for the total arterial calcification mass) or slow BMD decline
(B [95% CI]: — 2.06 [— 11.26; 7.30] Hounsfield units for all vertebrac) when compared to placebo.

Conclusion Six months vitamin K supplementation did not halt progression of arterial calcification or decline of BMD in
patients with DM2 and CVD. Future clinical trials may want to pre-select patients with very low vitamin K status and longer
follow-up time might be warranted. This trial was registered at clinicaltrials.gov as NCT02839044

Keywords Randomized controlled clinical trial - Type 2 diabetes - Cardiovascular disease - Vitamin K - Arterial
calcification - Bone mineral density
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Vitamin K is a fat-soluble vitamin that is involved in the

carboxylation and activation of several vitamin K-depend-
ent proteins. It occurs in two different forms, phylloquinone
(vitamin K1) and menaquinone (vitamin K2), which differ
in the length and degree of saturation of the side chain [1].
Phylloquinones are mainly derived from green vegetables,

Department of Radiology, University Medical Center
Utrecht, Utrecht University, Utrecht, The Netherlands

Julius Center for Health Sciences and Primary Care,
University Medical Center Utrecht, Utrecht University,
Utrecht, The Netherlands

Diagnostic Image Analysis Group, Department of Radiology

and Nuclear Medicine, Radboudumc, Nijmegen,
The Netherlands

Department of Applied Mathematics, Technical Medical
Centre, University of Twente, Enschede, The Netherlands

Department of Epidemiology and Data Science, Amsterdam
University Medical Centers, Location VUmc, Amsterdam
Public Health and Amsterdam Cardiovascular Sciences
Research Institutes, Postbox 7057, 1007 MB Amsterdam,
The Netherlands

whereas menaquinones are mainly derived from animal
products like cheese and meat [2]. Phylloquinones and
menaquinones both have a methylated napthoquinone ring
structure, which is the functional group, but menaquinones
have a longer half-life time and higher bioavailability [1, 2].
For this reason, vitamin K2 is more effective in carboxy-
lating extrahepatic vitamin K-dependent proteins than vita-
min K1 [3]. Besides their role in the coagulation cascade,
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vitamin K-dependent proteins are involved in (patho)physi-
ological calcification of the vasculature [4] and the bones
[5, 6]. Matrix Gla Protein (MGP) is a vitamin K-dependent
protein that inhibits vascular calcification and plays a regu-
latory role in the bones [7]. Osteocalcin is involved in bone
metabolism [8]. Both MGP and osteocalcin require post-
translational carboxylation to be fully functional and vitamin
K is a co-factor for activation [7].

In the vasculature, calcifications are increasingly recog-
nized as independent risk factors for cardiovascular disease.
Current treatment of cardiovascular risk focuses on hyper-
cholesterolemia, hypertension and thrombosis, but despite
optimal treatment, the risk of new cardiovascular events
remains high in patients with DM2 [9, 10]. Arterial calci-
fications can occur in both the intimal and medial layer of
the vascular wall and these calcifications differ in cause and
consequence. Intimal calcifications are generally considered
as stabilized atherosclerotic plaques, whereas medial calci-
fications are thought to contribute to hypertension, arterial
stiffness and cardiac hypertrophy [11]. Arterial calcifica-
tions, in any vascular bed, are associated with a three- to
fourfold increase in the risk of cardiovascular events and
progression of calcification is associated with more events
[12, 13]. In addition, calcifications in different arterial beds
have different clinical consequences. For example, calcifica-
tion of the leg arteries is associated with peripheral arterial
disease, intracranial calcifications are associated with stroke,
and aortic calcifications are associated with arterial stiffness,
stroke and decreased bone mineral density [14—16]. Reduc-
tion of arterial calcification progression in patients with
cardiovascular diseases might, therefore, reduce the high
residual cardiovascular risk. Several observational studies
have shown an association of low vitamin K intake with
vascular calcification and cardiovascular events, and MGP
might form the link between these associations [17-19].

Osteocalcin is a marker for osteoblast activity and bone
metabolism. MGP is also thought to be involved in bone
metabolism, but its role is not fully understood. It is specu-
lated to promote bone formation and inhibit osteoclast activ-
ity [20]. Despite inconsistent results on bone mineral density
(BMD) [21, 22], vitamin K supplementation is shown to
reduce clinical fractures [23] and this reduction might be
caused by carboxylation and activation of osteocalcin and
MGP [24].

Type 2 diabetes mellitus (DM2) is associated with
increased arterial calcification and increased fractures [25,
26] and the low vitamin K status found in DM2 patients
might contribute to this [27]. DM2 patients are prone to
develop medial arterial calcifications. Since MGP is thought
to inhibit the formation and progression of medial arterial
calcifications, vitamin K supplementation might reduce
calcification progression in these patients. Recently, we
showed that 6 months vitamin K2 supplementation reduced
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circulating levels of inactive MGP, but did not halt arterial
calcification as measured with '*F sodium-fluoride positron
emission tomography ('*F NaF PET) and computed tomog-
raphy (CT) in the femoral arteries in patients with DM2 and
a history of cardiovascular disease [28]. Different arterial
beds, however, may be more or less prone to calcification
and the role of MGP might differ between these different
arteries [29]. This post hoc analysis aims to investigate the
effect of 6 months vitamin K2 supplementation on sys-
temic CT-measured arterial calcification and CT-measured
BMD in the spine in patients with DM2 and cardiovascular
disease.

Methods
Study design and population

This study is a pre-specified post hoc analysis of a double-
blind, randomized, placebo-controlled clinical trial con-
ducted at the University Medical Center Utrecht (UMCU)
in the Netherlands. The methods have previously been pub-
lished [28]. In short, patients were randomized to vitamin
K2 or placebo. The primary end point of the original trial
was change in active vascular calcification in the femoral
artery as measured with '®F-NaF PET [28]. The sample size
calculation was based on the primary outcome of the trial.
A previous study into '®NaF PET/CT found a mean TBR of
1.96 [30]. Considering a power of 80%, a two-sided o 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. The outcomes
of this post hoc analysis were change in arterial calcification
mass scores and BMD as measured on conventional CT.
Participants were recruited via the Diabetes Pearl String Ini-
tiative-cohort, a Julius Center database of patients interested
in participating in studies and via the outpatient clinic of the
UMCU and Diakonessenhuis Utrecht. Middle-aged men and
women (>40), diagnosed with DM2 and with known pre-
existing arterial disease, were included. Pre-existing arterial
disease was based on an ankle-brachial index (ABI) < 0.9
and/or was diagnosed by a physician. Exclusion criteria were
vitamin K antagonist use, the use of vitamin K containing
(multi)vitamins and unwillingness to stop before randomiza-
tion, coagulation problems (e.g., deep venous thrombosis)
and an estimated glomerular filtration rate (¢GFR) below
30 ml/kg/min. Randomization was performed stratified by
sex by the data management department. The code was kept
at the data management and the pharmacy departments. The
study was approved by the medical ethical review board of
the UMC Utrecht and registered in clinical trial registries
(NCT02839044/NTR5287). All participants gave written
informed consent.
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Intervention

Participants were randomized in a 1:1 ratio to 360 pg/day
vitamin K or placebo treatment as previously described [28].
The vitamin K tablets contained 360 ug menaquinone-7, the
placebo tablets contained the same raw material and were
similar in taste and appearance. Menaquinone-7 (Vitamin
K2) was used because of its higher bioavailability and longer
half-life time compared to phylloquinones (vitamin K1) [3].
The dose used in this study is at the high end of what can
be achieved through diet and has previously been shown to
effectively decrease circulating inactive dephosphorylated-
uncarboxylated (dp-uc)MGP levels without affecting coagu-
lation [31]. Leftover vitamin K and placebo tablets were
returned after the trial and the compliance was estimated
as the number of tablets that were returned divided by the
number of tablets that should have been taken X 100. The
compliance was high in both the vitamin K group (4 [95%
CI]: 97.4% [92.3%; 99.1%] and placebo arm (f [95% CI]:
97.8% [94.2%; 99.7%] [28].

Dp-ucMGP level determination

Serum dp-ucMGP levels were determined with a sandwich
ELISA using the IDS Automated Analyser IDS-iSYS InaKtif
MGP assay (Maastricht University, The Netherlands).

Computed tomography (CT) acquisition and analysis

All participants underwent a low-dose, full-body CT scan
at baseline and 6-month follow-up (Siemens, Healthcare,
Erlangen, Germany). Arterial calcification mass was quanti-
fied in several larger arterial beds that can reliably be quanti-
fied on low-dose CT scans. The arteries were the intracra-
nial and common carotid arteries, the coronary arteries, the
aorta, the iliac arteries and the arteries of the legs (femoral
and crural arteries combined). The findings in the femo-
ral arteries were the primary outcome of the trial and were
published elsewhere [28]. The calcification mass score was
measured using an in-house developed program (iX Viewer,
Image Science Institute, Utrecht, The Netherlands) as previ-
ously described [32, 33] The observer manually identified
potential calcifications that were segmented using a thresh-
old of 130 Hounsfield Units (HU) for calcification. The cal-
cification mass score was computed as the product of the
volume of the lesion (in ml) and the mean attenuation (in
HU) of the lesion. Bone mineral density was assessed using
an in-house developed software tool as described previously
[34]. Thoracic and lumbar vertebrae were automatically seg-
mented using an iterative segmentation approach. Fractures
were visually identified and defined as >20% height loss of

one the pillars of the vertebral body. BMD of the trabecular
core of the non-fractured vertebra was expressed as the mean
HU in all thoracic and lumbar vertebrae.

Statistical analysis

Descriptive data are presented as categorical variables (n,
%), normally distributed continuous (mean + SD) or non-
normally distributed (median, interquartile range). The
difference in absolute and relative change in CT-based cal-
cification mass score or BMD between the treatment and
placebo group was analyzed with the Mann—Whitney U
test. The relative change was calculated with the follow-
ing formula: (x follow-up — x baseline)/x baseline X 100.
In addition, to adjust for baseline differences, calcification
mass was log + 1-transformed and linear regression models
were built. These models included treatment (vitamin K or
placebo, vitamin K as the reference) and log-transformed
calcification mass of the individual arteries or BMD at
baseline as the independent variables and log-transformed
calcification mass or BMD after 6 months as the depend-
ent variable (e.g., arterial calcification mass FU ~ treatment
(vitamin K or placebo) + arterial calcification mass base-
line). A p value <0.05 was regarded statistically significant.
All analyses were performed in SPSS version 25.0, figures
were made in Rstudio v1.1.456.

Results
Trial population

Sixty-eight eligible patients were randomized: 35 to the
intervention and 33 to the placebo arm. Mean age was
69 years in both groups; 74% vs 79% were male in the inter-
vention and the placebo groups, respectively. In the inter-
vention group, two patients were lost to follow-up versus
six patients in the placebo group. The loss to follow-up was
unrelated to the intervention and was mostly due to discom-
fort with the PET/CT scan. Segmentation failed in 98 of
the 2176 vertebrae (5%) and 14 (0.6%) of the segmented
vertebrae were fractured and therefore excluded. Baseline
characteristics of the intervention and placebo group are
presented in Table 1.

Despite randomization, participants in the vitamin K
arm had higher arterial calcification mass scores in all
arterial beds compared to the placebo arm at baseline.
These differences were statistically significant in the
aorta [median (IQR): 742 (322—-1337) vs 365 (39-1144),
p=0.05], iliac arteries [median (IQR): 633 (242-1148)
vs 337 (66-764), p=0.02] and the total arterial calcifica-
tion mass score [median (IQR): 1694 (812-3584) vs 1182
(235-2445), p=0.03] and was nearly significant in the
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Table 1 Baseline characteristics

. . Characteristic
of the trial population

Vitamin K (n=35)

Placebo (n=33)

Age, years

Male sex, n (%)

Body mass index

Systolic blood pressure, mmHg

Diastolic blood pressure, mmHg

Current smokers, n (%)

Previous smokers, 1 (%)

Never smokers, 1 (%)

Medical history
Cerebrovascular disease, n (%)
Coronary artery disease, n (%)
Peripheral arterial disease, n (%)

Abdominal aortic aneurysm, n (%)

Medication
Antihypertensive, n (%)
Glucose lowering, n (%)
Lipid lowering, n (%)

Laboratory measurements
HbA 1c, mmol/mol
Total cholesterol, mmol/l
LDL cholesterol, mmol/l
HDL cholesterol, mmol/l
Triglycerides, mmol/l
dp-ucMGP, pmol/l

Arterial calcification

Intracranial internal carotid artery, mass score

Common carotid artery, mass score

Coronary arteries, mass score
Aorta, mass score
Iliac arteries, mass score

Leg arteries, mass score

Total arterial calcification, mass score

Bone mineral density
Thoracic vertebrae, HU
Lumbar vertebrae, HU
All vertebrae, HU

69 +8 69+8
26 (74) 26 (79)
31+6 31+5
136 +21 138+ 14
70+11 74+9

6 (17) 4(12)
24 (67) 18 (55)
5(15) 11 (33)
12 (34) 11 (33)
23 (66) 18 (55)
6 (17) 10 (30)
2 (6) 4(12)
30 (86) 30 (90)
30 (86) 30 (90)
16 (46) 15 (46)
57+15 60+17
45+1.3 42+1.2
2.1+0.9 20+09
1.1+0.3 1.1+0.3
2.8 (1.8-3.4) 1.9 (1.5-2.7)

613 (513-684)

615 (489-743)

12 (3-25) 3(0-35)
3(0-25) 2 (0-10)
74 (13-165) 46 (1-148)

742 (322-1337)
633 (242-1148)

365 (39-1144)
337 (66-764)

309 (93-851) 90 (11-627)
1694 (812-3584) 1182 (235-2445)

162+44 166 +45
126 +36 133+£48
151+39 156+£43

Values are n (%), mean + SD or median (interquartile range)

HDL high density lipoprotein, LDL low density lipoprotein, dp-ucMGP = dephosphorylated uncarboxylated
matrix glycoprotein, HU Hounsfield units

calcification mass score of the legs [median (IQR): 309
(93-851) vs 90 (11-627), p=0.07].

At baseline, no difference in plasma dp-ucMGP [613
(513-684) pmol/l vs. 615 (489-743) pmol/l, p =0.96]
and BMD (all vertebrae: 151 +£39 HU vs. 156 +43 HU,
p=0.62) was found between the vitamin K and placebo
arm, respectively (Table 1).
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The effect of vitamin K supplementation on arterial
calcification mass and BMD

No significant difference in arterial calcification progres-
sion between the vitamin K arm and the placebo arm was
found for any arterial bed, although a trend toward lower
progression in the placebo arm was found in the iliac arteries
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[median [IQR): 25 (6; 87) mg vs 5 (— 4; 30) mg, p=0.07]. In
addition, no difference in BMD decline was found between
the groups [median (IQR): 3 (— 2; 16) HU vs — 1 (- 5; 10)
HU, p=0.24] in the vitamin K and placebo arm, respectively
(Table 2).

When adjusted for baseline arterial calcification mass
scores, 6 months of vitamin K treatment did not halt progres-
sion of arterial calcification in any arterial bed when com-
pared to the placebo (f: — 0.02; 95% CIL: — 0.10; 0.06 mg;
p=0.64 for the total arterial calcification mass). No effect
of vitamin K treatment on BMD was found (5: — 2.06; 95%
CI: — 11.26; 7.30 HU; p=0.66 for all vertebrae). See Fig. 1
and Table 2 for individual arterial beds and vertebral and
lumbar vertebrae.

Discussion

This study shows that 6 months of vitamin K supplementa-
tion does not affect CT-measured arterial calcification or
CT-measured BMD in patients with DM2 and a history of
cardiovascular disease. Although vitamin K supplementa-
tion reduced circulating inactive MGP, as was shown in the
original trial, our findings do not support that vitamin K
supplementation has a role in the prevention of arterial cal-
cification progression or osteoporosis in patients with DM2,
but some limitations have to be acknowledged.

Several clinical trials investigating the effect of vitamin
K supplementation on arterial calcification have been per-
formed. Despite a consistent decrease in the circulating
inactive form of MPG (dephosphorylated-uncarboxylated

(dp-uc) MGP) after vitamin K supplementation [28, 31, 35,
36], these trials showed differing results on arterial calci-
fication progression. One year treatment with vitamin K2
in hemodialysis patients did not affect aortic calcification
progression [37], although the dose in this study was lower
compared to our study. Another study with 3-year follow-up
did not find an effect of multivitamin treatment with vitamin
K1 when compared to multivitamin alone on the progres-
sion of coronary artery calcification, although a subgroup
analysis showed a small effect in patients that were > 85%
adherent to the treatment [38]. A meta-analysis of clinical
trials investigating the effect of vitamin K on calcification
progression showed a positive effect of vitamin K treat-
ment on arterial calcification progression [39]. This effect
was mainly driven by a study into the effect of vitamin K
on aortic valve calcification which showed that 12 months
treatment with 2 mg vitamin K1 reduced the progression of
aortic valve calcification (10% progression in vitamin K1 vs
22% in the placebo group) in 72 patients with aortic valve
stenosis [40].

In our trial, there was a significant difference in arterial
calcification mass scores in several arterial beds between
the intervention and placebo groups despite randomization.
Although we adjusted for these differences in the regression
models, this might have affected the outcomes since—from
the coronary arteries—it is known that baseline calcifica-
tion mass is a strong predictor of calcification progression
[41]. Another explanation might be that our patients did
not have very severe vitamin K deficiency. Although serum
dp-ucMGP levels in this population were relatively high
when compared to the healthy population of comparable

Table 2 Difference in arterial calcification mass score and bone mineral density after 6 months of vitamin K treatment or placebo

Arterial calcification mass

Difference baseline and follow-up

Linear regression models
adjusted for baseline measure-

ments
Vitamin K, N=33 Placebo, N=27 P P 195% C1]

Intracranial internal carotid artery 0[-1;5) 0(-0;2) 0.76 —0.03[-0.21; 0.15]
Common carotid artery 0(=0;3) 0(-1;0) 0.20 —0.14 [- 0.48; 0.21]
Coronary arteries 5(=5;12) 1(—=4;11) 0.68 —0.01 [-0.20; 0.17]
Aorta 40 (- 30; 125) 11 (0; 47) 0.55 0.02 [- 0.06; 0.11]
Iliac arteries 25 (6; 87) 5 (- 4;30) 0.07 —0.02 [- 0.08; 0.05]
Leg arteries 35 (- 8;99) 7 (0; 47) 0.62 —0.03[-0.21; 0.14]
Total arterial calcification score 84 (- 37, 206) 36 (1; 129) 0.38 —0.02 [-0.10; 0.06]
Bone mineral density

Thoracic 5(-3;15) -2(-5;12) 0.28 —1.95[- 11.65; 7.75]

Lumbar 3(-=5;18) 1(-5;6) 0.55 —2.40[-11.26; 6.64]

Total BMD 3(-2;16) —-1(=5;10) 0.24 —2.06 [— 11.26; 7.30]

Data ares presented as median (IQR) for non-normally distributed variables. The difference in arterial calcification mass score progression and
BMD decline between the vitamin K and placebo groups were estimated with the Mann—Whitney U test. In addition, to adjust for baseline dif-
ferences, linear regression models were built with vitamin K and placebo treatment and log-transformed calcification mass or BMD at baseline
as the determinants and log-transformed calcification mass or BMD after 6 months of follow-up as the outcome
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Fig. 1 No difference was found in absolute (a, ¢) and relative (b, d) differences in total body arterial calcification mass (a, b) and bone mineral
density (c, d) after 6 months of vitamin K treatment (red) or placebo (blue)

age (372-376 pmol/l) [27, 42], much higher levels up to
1100 pmol/l are reported in patients with chronic kidney
disease [43, 44]. Selection of patients with severe vitamin
K deficiency might be warranted for future trials.

Despite these differing results on calcification progres-
sion, several trials showed a reduction of arterial stiffness
progression with vitamin K supplementation [36, 39, 45].
This challenges our understanding of the role of MGP in
vascular physiology. Since calcification is shown to add
to arterial stiffness, the positive effects in these trials are
thought to be mediated by a reduction in arterial calcifica-
tion [46]. Possibly, MGP is involved in other mechanisms
that contribute to arterial stiffness, including reduced elastin
degradation and collagen formation in the arterial wall, as
well [47].

We could not confirm a positive effect of vitamin K
supplementation on BMD in patients with type 2 diabetes,
although the duration of treatment was relatively short and
we used CT scans instead of DXA scans for the meas-
urements. Some clinical trials have shown an increase of
BMD after vitamin K treatment [21, 48], whereas others
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did not [22, 49]. A meta-analysis of 36 clinical trials that
investigated the effect of vitamin K treatment on bone
mineral density and fractures showed vitamin K treatment
does not affect BMD in postmenopausal women, although
it may reduce clinical fractures [23]. This suggests that
vitamin K plays a role in bone architecture and quality,
rather than in BMD. DM2 patients have an increased risk
of fractures despite normal or even increased BMD [50].
Future studies might therefore include the effect of vitamin
K on bone structure and fractures, rather than on BMD
[51].

The strengths of this study include the randomized con-
trolled design, excellent compliance and extensive meas-
urements of systemic arterial calcification and that we used
CT scans to quantify vertebral BMD. Although areal BMD
(aBMD) as measured with DXA is currently the golden
standard for the measurement of BMD, and CT scans pro-
vide the opportunity to exclude the cortical bone from the
analysis. Both low aBMD as measured with DXA and volu-
metric BMD as measured with CT are shown to be associ-
ated with increased fractures, but vBMD of the lumbar spine
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has been shown to be a better predictor for spine fractures
than areal BMD as measured with DXA scans [52].

However, several limitations should be acknowledged.
The relatively high dropout rate, especially in the placebo
arm, might have affected the statistical power. Since the sam-
ple size calculation of this study was based on active arte-
rial calcification progression, as measured with '*NaF PET/
CT, it might have been underpowered to detect changes in
BMD and CT-measured calcifications in this relatively short
follow-up period. The reasons for dropout were mainly due
to discomfort with the '®NaF PET/CT. Future clinical trials
might want to consider using conventional CT instead of
18NlaF PET/CT, since this requires shorter scan time, no radi-
otracer needs to be infused and it has a lower radiation dose.
Since the baseline characteristics of the participants that
fulfilled the follow-up period were similar to the baseline
characteristics of all participants that were randomized, we
do not think that selection bias has affected our results. Since
we included DM2 patients with cardiovascular diseases, and
approximately 75% of our participants were male, our results
might not be generalizable to broader populations. Since
we quantified arterial calcification mass on whole body CT
scans without ECG-gated cardiac CT, the coronary artery
calcification mass scores might not be accurate and future
research into the effect of vitamin K on coronary artery cal-
cification progression should consider using triggered scans
or more advanced motion and partial volume correction [53,
54].

In conclusion, 6 months of vitamin K supplementation
did not halt progression of arterial calcification and did not
affect BMD in patients with DM2 and cardiovascular dis-
ease. Given the limitations of our study future clinical trials
may want to pre-select patients with very low vitamin K
status and longer follow-up time might be warranted.
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