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A B S T R A C T   

Background and aims: Experimental studies suggested that vitamin K supplementation may retard arterial 
calcification. Recently, serum calcification propensity time (T50) has been suggested as a functional biomarker 
for arterial wall calcification propensity. In this post-hoc analysis of a clinical trial, we evaluated the effect of six- 
month oral vitamin K supplementation on T50 and assessed the correlation between T50 and imaging arterial 
calcification parameters in people with type 2 diabetes (T2DM). 
Methods: This double-blind, randomized, placebo-controlled trial included 68 participants (age = 69 ± 8 years, 
76% male) with T2DM. Participants were assigned to menaquinone-7 (360 μg/day; n = 35) or placebo (n = 33). 
T50 was measured via nephelometry in serum collected at baseline, three and six months. Arterial calcification 
was measured at baseline and six months via 18F–Na PET-CT and conventional CT using Target-to-Background 
ratio (TBR) and Agatston score. Longitudinal analysis of covariance adjusted for baseline T50 was used to 
study the treatment effect. Spearman’s correlation was used to assess the correlation between T50 and imaging 
calcification parameters. 
Results: Median baseline T50 was similar in the vitamin K (350 [321–394] minutes) and placebo groups (363 
[320–398]). There was no significant difference in T50 between treatment arms over time (ẞ = 1.00, 95%C.I. =
0.94–1.07, p = 0.982). The correlation coefficient of T50 with TBR and Agatston score at baseline were − 0.185 (p 
= 0.156) and − 0.121 (p = 0.358), respectively. 
Conclusions: No effect of vitamin K supplementation on T50 was observed in T2DM. Moreover, T50 did not 
correlate with TBR and Agatston score. Further research on vitamin K in arterial calcification and on the validity 
of T50 as arterial calcification marker is warranted.   

1. Introduction 

Cardiovascular disease (CVD) is the main cause of mortality in 
people with type 2 diabetes mellitus (T2DM) [1]. Moreover, arterial 
calcification is associated with a three to four-fold increased CVD risk 
and is highly prevalent in people with T2DM [1,2]. As such, interven-
tional studies should focus on interfering with the arterial calcification 

process, which may ultimately reduce CVD risk. 
The process of arterial calcification is complex and involves an 

interplay between stimulators and inhibitors [3]. Matrix Gla protein 
(MGP) is the most potent inhibitor of arterial calcification in active form 
[4]. Vitamin K is a cofactor in the carboxylation of inactive MGP to its 
active form. Observational and experimental studies have shown that 
high vitamin K intake is associated with reduced arterial calcification 
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[5], and CVD risk [6–9]. As such, it is hypothesized that vitamin K may 
delay the progression of arterial calcification through conversion of 
inactive MGP to active MGP. 

Various trials have been conducted to evaluate the effect of vitamin K 
on arterial calcification [5,10–18]. However, results are inconclusive. 
Most of these trials measured arterial calcification either via 18F–Na 
photon emission computed tomography (PET-CT) [10,11,17] or via 
conventional computed tomography (CT) [5,12,14–18]. Disadvantages 
of these imaging modalities are the high costs and the radiation dose 
[19]. These disadvantages limit the applicability of calcification quan-
tification, especially by PET-CT, in routine clinical care and in large 
epidemiological studies [20]. Therefore, there is need for a low-cost, 
radiation-free and sensitive marker of arterial calcification. 

Recently, serum calcification propensity time (T50) has been suggested 
as a novel marker of arterial calcification propensity. This parameter is 
measured in serum using nephelometry and represents the formation rate 
of calciprotein particles (CPPs) responsible for ectopic calcification, 
including arterial wall calcification [21]. This assay is relatively cheap 
and radiation-free, making it more suitable for routine clinical care and 
large epidemiological studies than advanced imaging techniques [20]. 
However, there is lack of validity of T50 as marker of arterial calcification 
and subsequent CVD risk. Recent evidence shows that a longer T50 is 
associated with reduced CVD risk [22]. Two studies investigated the as-
sociation between T50 and CT-derived parameters of arterial calcification. 
A recent study observed that T50 was correlated with calcification mass 
score (r = − 0.557, p < 0.05) and Agatston score (r = − 0.534, p < 0.05) of 
the abdominal aorta of patients with primary aldosteronism [23]. A 
similar finding was observed in another study in which every standard 
deviation shorter T50 was significantly associated with a 21% higher 
coronary Agatston score among people with chronic kidney disease [24]. 
However, the association between T50 and PET-CT-derived parameters of 
arterial calcification has not been studied before. 

Over the last years, more attention has been devoted to the role of 
vitamin K in arterial calcification, as previous studies have shown that 
vitamin K is a promising, low-cost and safe treatment option for 
improving cardiovascular health [10,18,25]. Thus far, only one 
short-term study evaluated the effect of oral vitamin K supplementation 
on T50 in vitamin K-deficient kidney transplant recipients [26]. No sig-
nificant effect of vitamin K on T50 was observed. 

The aim of this post-hoc analysis was to evaluate the effect of six- 
month oral vitamin K supplementation on T50 in people with T2DM. 
Moreover, we investigated whether T50 correlated with imaging calci-
fication parameters measured via 18F–Na PET-CT and conventional CT. 
These aims are secondary analyses of a randomized, double-blind and 
placebo-controlled trial of which the results have been previously pub-
lished [17]. Results of this research may shed light upon the modifi-
ability of T50 by vitamin K in T2DM, and on the validity of T50 as marker 
of arterial calcification. 

2. Patients and methods 

2.1. Study design and population 

This study is a post-hoc analysis of a double-blind, randomized, 
placebo-controlled trial conducted at the University Medical Center 
Utrecht (UMCU). The design has been described elsewhere [17]. Par-
ticipants were diagnosed with T2DM and were recruited through the 
pre-existing Diabetes Pearl String Initiative cohort [27], the Julius 
Center database of subjects who showed interest in participation in 
clinical trials, and the outpatient clinics of the UMCU and Dia-
konessenhuis Utrecht. Individuals were eligible for participation when 
they were older than 40 years at recruitment, had pre-existing CVD and 
had an estimated glomerular filtration rate (eGFR) above 30 
mL/min/1.73 m2. Individuals were excluded from participation in the 
parent trial when they used vitamin K antagonists, multivitamins con-
taining vitamin K, showed unwillingness to stop vitamin K 

supplementation before randomisation or had known coagulation 
problems. Randomisation was stratified by sex and was performed in a 
1:1 ratio by the UMCU data management department. The random-
isation key was safeguarded by the data management and the pharmacy 
departments. The clinical trial lasted six months with measurements 
performed at baseline, at three months and at six months. All partici-
pants provided written informed consent before participation. This trial 
was reviewed and approved by the institutional board of the UMC 
Utrecht and registered in clinical trial registries (NCT02839044/ 
NTR5287). 

2.2. Intervention 

Participants were randomly allocated to treatment arms using oral 
vitamin K supplementation or placebo. Daily vitamin K supplementation 
consisted of 360 μg menaquinone-7 (Nattopharma). Placebo (Legosan) 
was similar in taste and appearance. Participants were instructed to 
return leftover tablets during the study visit at three months and six 
months. Subsequently, compliance was calculated. 

2.3. Serum calcification propensity time (T50) 

The primary outcome was the difference in change of T50 from 
baseline to six months between vitamin K and placebo. T50 was 
measured at baseline, at three months and at six months. During these 
three study visits, non-fasting serum samples were collected via ven-
epuncture. The serum samples were frozen and stored at − 80 ◦C in the 
UMCU biobank. Four years after trial completion, the frozen serum 
samples were shipped to Switzerland for determination of T50. This 
measurement was performed via nephelometry, as described by Pasch 
[21]. A shorter T50 reflects a higher formation rate of CPP, involved in 
ectopic calcification, including arterial wall calcification. Frozen sam-
ples are suitable for this assay and the coefficient of variation was 6% 
[21]. 

2.4. Imaging tests 

Arterial calcification was measured using low-dose, full-body 18F–Na 
PET-CT scans (Siemens Biograph 40 scanner; Siemens Healthcare, 
Erlangen, Germany) at baseline and at six months. 

On CT, lower-extremity CT arterial calcification was quantified using 
a locally developed program (iX Viewer, Image Science Institute, 
Utrecht, the Netherlands). A calcific lesion was defined as a dense lesion 
in the arterial wall with Hounsfield Units (HU) > 130. Calcification from 
the bifurcation of the femoral arteries to the femur condyles was 
measured using the Agatston method [28]. The inter-rater reliability 
was 0.998 (95%C.I. = 0.995–0.999). 

On PET, arterial calcification was quantified using the Target-to- 
Background ratio (TBR). The injected tracer (2.0 MBq/kg 18F–Na, with 
a maximum dosage of 200 MBq) binds to hydroxyapatite within the 
femoral arterial wall. This target signal was detected by PET-CT scan and 
was measured as maximal SUV (SUVmax) of each slice of the left and 
right femoral artery. All the slices were averaged. As background, the 
mean blood pool activity was determined in the superior vena cava on 
three slices (SUVmean). The inter-rater reliability was 0.98 (95%C.I. =
0.94–0.99). 

2.5. Biochemical measurements 

Non-fasting serum samples were drawn at each study visit and ana-
lysed for measurement of total cholesterol, HDL-cholesterol, LDL- 
cholesterol, triglycerides (all mmol/L), HbA1c (mmol/mol) and creati-
nine levels (μmol/L) using standard laboratory techniques. The CKD-EPI 
formula was used to estimate the eGFR (mL/min/1.73 m2) [29]. Levels 
of dp-ucMGP (pmol/L) were measured using the sandwich ELISA 
method via the IDS Automated Analyser MGP assay (Maastricht 
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University). 

2.6. Covariates 

Data on covariates were obtained at all three study visits. The paper 
by Zwakenberg et al. describes how information related to demography, 
anthropometry, lifestyle, CVD history and medication use was collected 
[17]. 

Vascular measurements were performed in duplicate using an auto-
mated oscillomat (Omron HEM-907) to measure systolic blood pressure 
(SBP; mmHg), diastolic blood pressure (DBP; mmHg) and Ankle- 
Brachial Index (ABI; unitless). ABI is a measure of vascular stiffness 
and was only measured at baseline. ABI was calculated by dividing the 
highest average arm SBP by the highest ankle SBP. 

Finally, data on intakes of energy (kcal/day), vitamin K1, vitamin K2 
and total vitamin K (all mg/day) were estimated using a three-day food 

diary. The diary included two weekdays and one weekend day, all non- 
consecutive, and requested data on breakfast, lunch, dinner and snacks. 
Data from the diary were analysed using Evry (Ensemble BV), the 2013 
Dutch national food composition table [30], and the vitamin K food 
content database [31]. The energy-adjusted intakes of total vitamin K, 
vitamin K1 and vitamin K2 were calculated using the regression residual 
method. 

2.7. Statistical analysis 

Baseline characteristics were described for both intervention arms. 
Continuous variables were reported depending on their distribution, 
using mean ± standard deviation for normally distributed variables, or 
using median [interquartile range] for non-normally distributed vari-
ables. Normality of covariates was assessed using the Shapiro Wilks test. 
Categorical variables were presented as frequency (percentage). We did 

Fig. 1. CONSORT 2010 flow diagram of study participation. 
CVD = cardiovascular disease, eGFR = estimated glomerular filtration rate, T50 = serum calcification propensity time. 
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not test for significant differences across intervention arms as suggested 
by the CONSORT 2010 statement [32]. 

In an intention-to-treat analysis, the effect of vitamin K versus pla-
cebo on T50 was evaluated using a longitudinal analysis of covariance 
with adjustment for baseline T50. This regression-based method is 
capable of dealing with missing data. Moreover, three different effect 
estimates were determined: the overall intervention effect over time and 
the intervention effect at both follow-up measurements. Standard errors 
and p-values at first and second follow-up were obtained with different 
reference categories for time. T50 levels were log-transformed due their 
skewed distribution. Back transformation was performed by raising е to 
the power of the regression coefficient of the treatment variable. 
Normality of residuals was assessed by inspection of residual plots. 

In addition, correlations between T50 with TBR and Agatston score 
were assessed using the Spearman’s Rank Correlation Test as the 
normality assumption for Pearson’s Correlation test was violated. These 
correlations were assessed at baseline, at six month follow-up and for the 
change between sixth months follow-up and baseline. Results were 
pooled for both intervention arms. Moreover, correlation was visually 
represented with scatterplots. 

Finally, the main analysis focusing on treatment effect of vitamin K 
on T50 was repeated using a per-protocol approach. All individuals with 
a compliance lower than 80% were removed from the analysis. 

No imputation of missing data was performed as longitudinal anal-
ysis of covariance can appropriately deal with missing data. All analyses 
were carried out using R software (Version 4.0., RStudio, Boston, Mas-
sachusetts, USA) and SPSS (Version 28., IBM SPSS Statistics, Chicago, IL, 
USA). A p-value <0.05 was regarded as statistically significant. 

3. Results 

3.1. Baseline characteristics 

68 participants were eligible for participation in the study (Fig. 1). 
T50 data was available for 34/35 participants and 29/33 participants in 
the vitamin K and placebo group, respectively. In both groups, one in-
dividual had missing T50 data at last follow-up visit. Minimal pill 
compliance was 74% and 89% in the vitamin K group and placebo 
group, respectively. Only one participant in the trial was considered 
non-compliant, as compliance was below 80%. No serious adverse 
events were reported during the trial. 

The study included 26 men (74% in vitamin K; 79% in placebo) with 
a mean age of 69.1 ± 8.4 years in both arms (Table 1). No differences 
were observed in baseline inactive MGP (dp-ucMGP) levels between 
vitamin K (613 [513–684] pmol/L) and placebo (615 [489–743] pmol/ 
L). However, the vitamin K group tended to comprise more current (17% 
vs 12%) and former smokers (69% vs 55%) and consumed more vitamin 
K1 (124 [100–225] vs 94 [73–149] milligrams per day). Moreover, the 
prevalence of ABI ≤0.9 was higher in the vitamin K group (46%) 
compared to the placebo group (27%). Finally, the vitamin K group 
showed higher Agatston score (752 [106–1520] vs 169 [37–1365] 
Agatston units). Finally, T50 (350 [321–394] vs 363 [320–398] minutes) 
and TBR (2.1 [1.7–2.8] vs 2.1 [1.7–2.4] were similar in both groups. 

3.2. Inactive MGP status 

Circulating inactive MGP status declined in the vitamin K group and 
remained stable in the placebo group. This underlines the good 
compliance and biological effectiveness of vitamin K on inactive MGP. 
Detailed information on this marker is described elsewhere [17]. 

3.3. The effect of vitamin K on T50 (intention-to-treat) 

In the vitamin K group, T50 changed from baseline (350 [321–394] 
minutes) to first follow-up (336 [314–391]) and was (345 [288–382]) at 
second follow-up (Fig. 2). Similarly, T50 in the placebo group changed 

from baseline (363 [320–398]) to first follow-up (337 [320–385]) and 
was (363 [320–378]) at second follow-up. There was no significant 
difference in T50 between the vitamin K and placebo groups over the 
whole trial period (ẞ = 1.00, 95%C⋅I. = 0.94–1.07, p = 0.982; after 
back-transformation), at first follow-up (ẞ = 1.00, 95%C⋅I. = 0.93–1.07, 
p = 0.899) and second follow-up (ẞ = 1.00, 95%C⋅I. = 0.93–1.08, p =
0.923). 

Table 1 
Baseline characteristics of the trial population.  

Baseline characteristics a Vitamin K (n = 35) Placebo (n = 33) 

Demographic variables 
Male sex (yes) 26 (74.3) 26 (78.8) 
Age (years) 69.1 ± 8.4 69.1 ± 8.4 
Duration of diabetes (years) 13.0 (6.5–17.0) 16.0 (10.0–21.0) 
Educational level 15 (42.9) 13 (39.4) 

University 5 (14.3) 7 (21.2) 
Vocational school 10 (28.6) 6 (18.2) 
High school 18 (51.4) 18 (54.5) 
Lower school 2 (5.7) 2 (6.1) 

Lifestyle variables 
BMI (kg/m2) 31.2 ± 5.6 31.1 ± 5.0 
Alcohol intake (glasses/week) 
>21 1 (2.9) 1 (3.0) 
15-21 3 (8.6) 3 (9.1) 
7-14 5 (14.3) 5 (15.2) 
1-6 5 (14.3) 7 (21.2) 
<1 8 (22.9) 5 (15.2) 
0 13 (37.1) 12 (36.4) 

Smoking 
Current (yes) 6 (17.1) 4 (12.1) 
Former (yes) 24 (68.6) 18 (54.5) 
Never (yes) 5 (14.3) 11 (33.3) 

Physical activity (hours/week) 
>8 11 (31.4) 10 (30.3) 
5-8 6 (17.1) 5 (15.2) 
3-4 5 (14.3) 12 (36.4) 
1-2 10 (28.6) 2 (6.1) 
<1 3 (8.6) 4 (12.1) 

Medication use 
Antihypertensive medication (yes) 30 (85.7) 30 (90.9) 
Lipid-lowering medication (yes) 16 (45.7) 15 (45.5) 
Glucose-lowering medication (yes) 30 (85.7) 30 (90.9) 
Manifest cardiovascular disease 
Cerebrovascular disease (yes) 12 (34.3) 11 (33.3) 
Coronary artery disease (yes) 23 (65.7) 18 (54.5) 
Abdominal aortic aneurysm (yes) 2 (5.7) 4 (12.1) 
Peripheral artery disease (yes) 6 (17.1) 10 (30.3) 
Diet 
Daily caloric intake (kcal) 2082 (1774–2402) 2199 (1972–2580) 
Total vitamin K (mg) 167 (138–288) 141 (117–193) 
Vitamin K1 (mg) 124 (100–225) 94 (73–149) 
Vitamin K2 (mg) 49 (35–57) 48 (33–52) 
Laboratory measurements 
HbA1c (mmol/mol) 55.0 (46.5–63.0) 56.0 (49.0–67.0) 
eGFR (ml/min/1.73 m2) 84.2 ± 25.1 81.2 ± 18.0 
Total cholesterol (mmol/L) 4.1 (3.7–5.1) 4.0 (3.3–4.9) 
HDL-cholesterol (mmol/L) 1.0 (0.9–1.2) 1.1 (0.9–1.3) 
LDL-cholesterol (mmol/L) 2.0 (1.6–2.5) 1.8 (1.4–2.4) 
Triglycerides (mmol/L) 2.8 (1.8–3.4) 1.9 (1.5–2.7) 
dp-ucMGP (pmol/L) 613 (513–684) 615 (489–743) 
Vascular measurements 
Systolic blood pressure (mmHg) 136 ± 21 138 ± 14 
Diastolic blood pressure (mmHg) 70 ± 11 74 ± 10 
Low ABI (≤0.9) (yes) 16 (45.7) 9 (27.3) 
Calcification parameters 
T50 (minutes) 350 (321–394) 363 (320–398) 
TBR (unitless) 2.1 (1.7–2.8) 2.1 (1.7–2.4) 
Calcification mass score (unitless) 196 (33–424) 45 (10–410) 
Agatston score (Agatston units) 752 (106–1520) 169 (37–1365)  

a Values are mean ± SD, median (IQR) or n (%). BMI = body mass index, 
HbA1c = glycated haemoglobin, eGFR = estimated glomerular filtration rate, 
HDL = high density lipoprotein, LDL = low density lipoprotein, dp-ucMGP =
dephosphorylated uncarboxylated matrix G1a protein, ABI = ankle-brachial 
index, T50 = serum calcification propensity time, TBR = target-to-background 
ratio. 
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3.4. Correlation between T50 and imaging markers of arterial calcification 

There was no correlation between T50 and TBR at baseline (ρ =
− 0.185, p = 0.156), at six months (ρ = − 0.191, p = 0.147) and for the 
changes between six months and baseline (ρ = − 0.033, p = 0.805) 
(Fig. 3). Similarly, there was no correlation between T50 and Agatston 
score at baseline (ρ = − 0.121, p = 0.358), at six months (ρ = − 0.206, p 
= 0.117) and for the changes between six months and baseline (ρ =
− 0.076, p = 0.566). 

3.5. The effect of vitamin K on T50 (per-protocol) 

In the vitamin K group, one participant was considered incompliant 
and was excluded from the per-protocol analysis. Results of the per- 
protocol analysis did not yield large differences with the results of the 
intention-to-treat analysis (data not shown). 

4. Discussion 

This study showed that six months oral vitamin K supplementation 
had no effect on T50 levels in people with T2DM. Moreover, T50 levels 
did not correlate with imaging arterial calcification parameters TBR and 
Agatston score, as measured with 18F–Na PET-CT and conventional CT. 

Our results concerning the treatment effect of vitamin K are in 
agreement with a recently conducted trial in vitamin K-deficient kidney 
transplant recipients [26]. Vitamin K-deficiency was defined as plasma 
dp-ucMGP levels >500 pmol/L (according to this criterion, 78% of our 
study population is vitamin K-deficient). These patients were subjected 
to twelve weeks of oral menaquinone-7 supplementation (also 360 
μg/day) and T50 was measured at baseline and after twelve weeks. The 
treatment effect was not statistically significant (vitamin K: +2.3 ± 27.4 
vs placebo: +0.8 ± 34.4 min; p = 0.88). There are different possible 
explanations for the observed null-effect within both trials. First, T50 was 
used as outcome and it reflects the formation time of CPPs in serum. 
However, the carboxylation of inactive to active MGP occurs in tissue. It 
is unlikely that activated MGP plays a prominent role in retarding the 
formation of CPP in serum. This process is one of the many facets in the 
complex arterial calcification pathway, and our intervention likely af-
fects a different path from the one that is reflected by T50. Second, the 
vitamin K group in our study showed higher arterial calcification and 

contained more smokers at baseline compared to the placebo group. It is 
possible that differences in these factors (like smoking) and unmeasured 
factors of relevance in the formation of vascular calcification nullified 
the effects of T50. Also, it is possible that the vitamin K group had a 
higher intrinsic tendency to calcify and the effect of vitamin K on T50 
could therefore be obscured. An observational study indeed showed that 
T50 has a normal distribution in the general population suggesting that 
some individuals have a high tendency to calcify in multiple vascular 
beds beyond atherosclerosis burden [22]. Finally, no significant effect of 
vitamin K on TBR and Agatston score was observed in the primary 
analysis of this trial, which would also explain why no significant 
treatment effect was observed within this analysis [16,17]. 

Since T50 is proposed as a novel marker of arterial calcification, 
various cross-sectional studies have examined whether T50 is associated 
with established CT-derived parameters of arterial calcification. A 
recent study assessed the association between T50 with calcification 
mass score and Agatston score within the abdominal aorta of patients 
with primary aldosteronism [23]. This research group observed that a 
higher T50 was statistically significantly associated with a lower calci-
fication mass score (r = − 0.557, p < 0.05) and Agatston score (r =
− 0.534, p < 0.05). A similar finding was observed in another study in 
which every standard deviation lower T50 was significantly associated 
with a 21% higher coronary Agatston score among people with chronic 
kidney disease [24]. Although this study’s findings were not statistically 
significant, and the strength of the associations was much weaker 
compared to previous studies, the associations were in the same direc-
tion, i.e. a negative correlation between T50 and the imaging parameters 
of arterial calcification. The statistical insignificance may be attributed 
to the low sample size for this analysis or the homogeneous distribution 
of T50 within the study population as the population was subjected to 
several inclusion criteria for the trial. Another explanation is that we 
studied the association between T50 and calcification cross-sectionally. 
It is possible that in the period antedating vascular imaging, differ-
ences in T50 may have existed, and changed over time. To the best of our 
knowledge, no studies investigated the correlation and/or association 
between T50 and TBR. 

Our study has several limitations. First, the placebo group showed a 
relatively high number of drop-outs, which may have affected the sta-
tistical power in an already fairly small study. However, baseline char-
acteristics of participants with complete follow-up were comparable to 

Fig. 2. T50 levels per intervention arm at baseline, at first follow-up after three months and at second follow-up after six months.  
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Fig. 3. Two-way scatterplots of T50 with Target-to-Background Ratio (A, C and E) and Agatston score (B, D and F) at baseline (A and B), at six months (C and D) and 
the difference between six months and baseline (E and F). 
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all randomized participants. Therefore, the drop-outs may have reduced 
precision but did not introduce selection bias. Moreover, the numerical 
difference between vitamin K and placebo treatment in T50 was very 
small, making it unlikely that this null result is due to insufficient power. 
Second, arterial calcification, smoking status and low ABI prevalence at 
baseline were higher in the vitamin K group compared to the placebo 
group, which indicate that randomisation did not lead to completely 
balanced groups. Furthermore, this was a post-hoc analysis and therefore 
our study can be seen only as explorative, although it adds to the body of 
literature on vitamin K and T50. Finally, although our measurement 
methods are used in the research setting, their clinical role in treatment 
stratification and monitoring is absent. 

Besides the limitations, this trial also has several strengths. First, this 
trial was double-blind and placebo-controlled, which is the golden 
standard to evaluate a treatment effect. Second, the compliance was 
high, with only one participant considered incompliant. This high 
compliance is also reflected in the similarity of the results of the 
intention-to-treat and per-protocol analysis. Third, there was exhaustive 
and complete data on arterial calcification parameters and covariates. 
Finally, the coefficient of variation of the T50 measurement was low and 
the inter-rater reliability for the PET-CT-derived and CT-derived pa-
rameters of arterial calcification was high. 

Future research should focus on improving active MGP status and T50 
in parallel. However, since vitamin K does not seem to affect T50 at all, 
distinct interventions are needed for both targets. Moreover, more 
attention needs to be guided to the formation of new calcific lesions next 
to existent calcific lesions to understand the role of vitamin K on arterial 
calcification progression. Finally, more large-scale longitudinal studies 
are needed to assess the validity of T50 and its change over time as 
marker of arterial calcification. 

In conclusion, six-month oral vitamin K supplementation did not 
improve T50 in people with T2DM. Moreover, T50 did not correlate with 
established parameters of arterial calcification measured with PET-CT 
and conventional CT. Hence, our data do not support the use of T50 
as a proxy for arterial calcification. Further research on the role of 
vitamin K in arterial calcification in T2DM and on the validity of T50 as 
measure of arterial calcification is warranted. 
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