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ABSTRACT
Introduction  Coronary artery calcification (CAC) and 
especially progression in CAC is a strong predictor of 
acute myocardial infarction and cardiovascular mortality. 
Supplementation with vitamin K2 and D3 has been 
suggested to have a protective role in the progression of 
CAC. In this study, we will examine the effect of vitamins 
K2 and D3 in men and women with severe CAC. We 
hypothesise that supplementation with vitamins K2 and D3 
will slow down the calcification process.
Method and analysis  In this multicentre and double-
blinded placebo-controlled study, 400 men and women 
with CAC score≥400 are randomised (1:1) to treatment 
with vitamin K2 (720 µg/day) and vitamin D3 (25 µg/day) or 
placebo treatment (no active treatment) for 2 years. Among 
exclusion criteria are treatment with vitamin K antagonist, 
coagulation disorders and prior coronary artery disease. 
To evaluate progression in coronary plaque, a cardiac CT-
scan is performed at baseline and repeated after 12 and 
24 months of follow-up. Primary outcome is progression 
in CAC score from baseline to follow-up at 2 years. Among 
secondary outcomes are coronary plaque composition and 
cardiac events. Intention-to-treat principle is used for all 
analyses.
Ethics and dissemination  There are so far no reported 
adverse effects associated with the use of vitamin K2. 
The protocol was approved by the Regional Scientific 
Ethical Committee for Southern Denmark and the Data 
Protection Agency. It will be conducted in accordance with 
the Declaration of Helsinki. Positive as well as negative 
findings will be reported.
Trial registration number  NCT05500443.

INTRODUCTION
Ischaemic heart disease accounts for 19% and 
20% of all deaths among men and women, 
respectively, underscoring the critical impor-
tance of prevention.1 Ischaemic heart disease 
is often silent until symptoms of myocardial 
infarction. However, during subclinical stages, 
ischaemic heart disease can be detected as 
coronary artery calcifications (CAC) on non-
contrast cardiac CT scans. CAC increases with 

age, and men tend to have higher CAC scores 
on average than women.2 In a population 
with no CAC, the risk of future cardiovascular 
disease (CVD) is very low; however, as CAC 
score increases, so does the risk of ischaemic 
heart disease.3 4 Thus, to prevent CVD, iden-
tification and treatment of individuals with 
severe CAC is important.

Vitamin K and the calcification process
The most familiar K vitamin is phylloquinone 
(vitamin K1), as it is essential for the activa-
tion of several coagulation factors. Menaqui-
none-7 (MK-7), also known as vitamin K2, 
is another very important vitamin K species 
with mostly extra-hepatic effects due to 
higher concentrations outside the liver. Even 
though some pathways are shared, vitamin 
K2 is thought to be the primary activator of 
non-hepatic proteins related to the inhibition 
of arterial calcification, that is, matrix-Gla 
proteins (MGP).5–8 The activation of these 
important proteins is, however, dependent 
on their synthesis, which again is stimulated 
by vitamin D3.9 Without both synthesis and 
activation of relevant proteins, the balance of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A major strength of this study is the multicentre, 
double-blinded, randomised design to assess the 
effect of vitamin K2 and vitamin D3 supplementa-
tion on progression of coronary artery calcification 
(CAC).

	⇒ Another strength is inclusion of both men and 
women.

	⇒ Patients with baseline CAC≥400 are included in the 
study which ensures detectable CAC progression 
over 2 years of follow-up.

	⇒ Although the study is unique and based on our pre-
vious findings, 2 years of follow-up might be too 
short to find a difference.
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cellular calcium uptake and the mineralisation process in 
bone and blood vessels is impaired. The inhibiting effect 
of the vitamin K-dependent proteins on calcification 
was originally showed by Luo et al in 1997.10 In a mice 
model, they found activated (carboxylated) MGP to be 
an important inhibitor of vascular calcification. More 
recent randomised clinical trials have tested this theory 
with vitamin K2 supplementation in different populations 
finding only a discreet reduction in CAC.11 12 Contrarily, 
observational studies suggest that long-term use of 
vitamin K antagonists is associated with increased vascular 
calcification.13–16 Furthermore, combined low vitamins K 
and D status has been associated with increased all-cause 
mortality risk compared with adequate vitamins K and D 
status.17 A synergistic effect of the two vitamins on bone 
and cardiovascular health has been suggested.18 Currently, 
no recommendations of vitamin K2 supplementation are 
available. As demonstrated in a randomised controlled 
trial, there is a dose-dependent decrease of uncarboxyl-
ated MGP concentrations by vitamin K2 supplementation 
(180 µg/day, 360 µg/day or placebo).19 Thus, we know 
that the daily intake in the Western world is not sufficient 
to meet the request for a complete activation of MGP. 
Additionally, there is no documented toxicity for vitamin 
K1 or vitamin K2, and the WHO has set no upper toler-
ance level for vitamin K intake.20

The effect of supplementation with high-dose vitamin 
K2 (720 µg/day) and vitamin D (25 µg/day) over 2 
years was examined in the very recent Danish AVADEC 
(Aortic Valve DECalcification) Trial.21 Aortic valve calci-
fication progression was non-significantly decreased.22 
However, the supplementation appeared to slow down 
the progression of CAC, especially in patients with severe 
CAC (score>400). It also reduced progression of the non-
calcified coronary plaque volume. Very importantly, the 
total number of cardiac events and all-cause death was 
significantly lower (unpublished data). As these findings 
were secondary outcomes, the results are only hypothesis 
generating and a confirmatory trial is requested.

Hypothesis
In a randomised setup, we test the hypothesis that supple-
mentation with vitamin K2 (720 µg/day) and vitamin D3 
(25 µg/day) in comparison to placebo will reduce the 
progression of CAC in patients with severe CAC.

METHODS
Trial design
The DANish COronary DEcalcification (DANCODE) trial 
is a multicentre, double-blinded, randomised, placebo-
controlled study.

Participants
The Danish Heart Registry will be used to identify patients 
who underwent a cardiac-CT in Western Denmark within 
the past 3 years. Patients who are living nearby the 

including centres and have a CAC score of 400 or above 
are eligible for DANCODE.
Exclusion criteria are:

	► History of coronary revascularisation.
	► History of venous thrombosis including pulmonary 

embolism.
	► Coagulation disorders.
	► Vitamin K antagonist use.
	► Disorders of calcium and phosphate metabolism (as 

primary hyperparathyroidism).
	► Women of childbearing age (due to radiation issues).
	► A life-expectancy<5 years.
	► Age under 18 years.
The study will take place at three Danish hospitals 

(Odense University Hospital in Odense and Svendborg 
and at Vejle Hospital) from 8 February 2023 to March 
2026.

Intervention
Patients are randomly assigned in a 1:1 ratio to either 
daily oral supplementation with vitamins K2 and D3 (two 
pills containing 360 ug MK-7 and 12.5 µg vitamin D3 each 
(K2VITALDelta), thus a total of 720 µg/day of MK-7 and 
25 µg/day of vitamin D3) or matching placebo pills. Treat-
ment of both groups will last for at least 24 months. The 
selected dosage of vitamins K2 and D3 is based on the 
AVADEC trial, which demonstrated efficacy in patients 
with CAC>400 and exhibited no safety concerns.22 The 
ingredients in the placebo tablets are listed in online 
supplemental appendix 1.

Trial visits and procedures
Online supplemental table 1 provides an overview of 
the trial visits and procedure. Throughout the course of 
the study, participants will come to our research facility 
five times at intervals of 6 months. At baseline, 12 and 24 
months of follow-up, we will conduct a non-contrast CT 
scan to assess CAC score. A contrast-CT scan will also be 
performed on included study participants at baseline and 
after 24 months of follow-up.

Participants with CAC score below 400 at baseline or 
those fulfilling the exclusion criteria will be excluded 
from the study. The investigator can decide to withdraw 
a subject from the study for urgent medical reasons or in 
case of poor adherence. If subjects are required to take 
vitamin K antagonist during the course of the study, they 
will be withdrawn from the study.

The participants will be evaluated for side effects, 
adverse events and compliance with the study interven-
tion at each visit. Adherence to treatment will be moni-
tored by interview and pill count at the visits. Phone calls 
and study reminders are used for participation retention 
and to increasing compliance.

Online supplemental appendix 2 shows the patient 
information leaflet (in Danish).

Outcome
The primary endpoint is the change in CAC score from 
baseline to 24 months follow-up.
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Secondary endpoints are:
	► Change in CAC score from baseline to 24 months in 

men and women, respectively.
	► Change in CAC score from baseline to 24 months 

in two prespecified subgroups (baseline CAC 
score<1000 and ≥1000).

	► Change in coronary plaque composition by contrast 
CT from baseline to 24 months.

	► Cardiac events (non-fatal myocardial infarction, coro-
nary revascularisation and cardiac death) during the 
follow-up period.

	► Change in calcifications in the aortic valve by non-
contrast CT from baseline to 24 months.

	► Change in quality of life assessed using EuroQol-5D 
from baseline to 24 months.23

An exploratory endpoint is:
	► Change in dephosphorylated-undercarboxylated 

Matrix Gla-Protein (dp-ucMGP).
Safety endpoints are:

	► Death.
	► Cardiovascular events (myocardial infarction, coro-

nary revascularisation, heart valve surgery, stroke, 
significant aortic disease (dissection, rupture and 
surgery) and significant peripheral artery disease 
(thromboembolisms and surgery).

	► Venous thromboembolism including pulmonary 
embolism.

	► Bleeding (including intracranial bleeding and haem-
orrhage associated with a drop in haemoglobin of 
≥2 mmol/L).

	► Cancer, including solid and haematologic.
	► Significant deterioration in laboratory measurements 

(haemoglobin, creatinine, estimated glomerular 
filtration rate (eGFR), sodium, potassium, calcium, 
magnesium, albumin, phosphate, alkaline phos-
phatase, parathyroid hormone or prothrombin time-
international normalised ratio (PT-INR)).

Sample size
We are planning a study of a continuous response vari-
able from independent control and experimental 
subjects with one control per experimental subject. In 
the AVADEC trial, the mean (SD) 2 year CAC progres-
sion among 182 men with CAC score≥400 was 380 AU 
(330 AU) in the placebo group and 288 AU (280 AU) 
in the intervention group. The joint SD was 311 AU. If 
this is true in a population of men and women, inclusion 
of 180 experimental subjects and 180 control subjects 
are needed to be able to reject the null hypothesis (H0). 
The H0 of this study is that the progression means of the 
experimental and control groups are equal, with prob-
ability (power) 0.8. The type I error probability associ-
ated with this H0 test is 0.05 (two-sided). Accordingly, 
360 subjects are needed. However, to comply with the 
uncertainty and to account for drop-out of 10%, 400 
patients will be included. The sample size is based on 
2 years of treatment and was assessed with Stata/MP V.17 
(StataCorp, College Station, Texas, USA).

Randomisation and blinding
Randomisation is performed by the pharmacy at Odense 
University Hospital. Based on a computer-generated 
assignment scheme, the tablet plastic bottles will have a 
random number according to the sequential order. The 
randomisation will be stratified by sex. The treatment 
allocation will be concealed in sealed opaque envelope. 
The data and safety monitoring board (DSMB) has access 
to the randomisation list, but patients, nurses, doctors 
and other data gatherers are unaware of the allocation 
until end-of-study for all patients and until all analyses are 
completed. The study is not a medical trial (see Safety 
and Ethics), and accordingly unblinding is only possible 
if a patient is excluded from the study.

The taste, colour and size of the active and matching 
placebo pills are all the same.

Statistical methods
We will use the intention-to-treat principle for all anal-
yses. The primary endpoint (change in CAC score) will 
be presented as a continuous variable. Additionally, 
the changes are analysed in men and women, respec-
tively, and in two prespecified patient subgroups (CAC 
score 400–999 AU and ≥1000 AU, respectively). Primary 
hypothesis testing will be done hierarchically to maintain 
a closed testing procedure: only if the overall treatment 
effect is statistically significant, testing in CAC strata will 
be performed with confirmatory intent, otherwise solely 
for explorative reasons. Secondary endpoints include 
(1) change in coronary plaque composition by contrast 
CT; (2) cardiovascular events and mortality; (3) change 
in calcifications in the aortic valve by non-contrast CT 
and (4) change in quality of life (see also the section 
‘Outcome’).

We use linear mixed models (employing group, time 
point and group × time point interaction) for the primary 
and for secondary endpoints as well as potential harms. 
Supplementary sensitivity analyses making use of imputed 
values under the missing at random assumption will be 
conducted for the primary analysis if more than 5% of 
expected data points are missing. There will be no interim 
analyses.

Patient and public involvement
Patients and public were not involved in the design of 
study.

Organisation
The Steering Committee will consist of Professor Axel Died-
erichsen (PI, Department of Cardiology, OUH), PhD 
Kristian Øvrehus (Department of Cardiology, OUH), 
MD Selma Hasific (Department of Cardiology, OUH), 
Professor Lars Melholt Rasmussen (LMR, Department of 
Clinical Biochemistry and Pharmacology, OUH) and one 
from each screening site. All practical issues concerning 
the treatment, data sampling and publication will be 
handled by The Steering Committee. The study is investigator 
initiated, and the data are owned by The Steering Committee. 
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Data will be available to other researchers on reasonable 
request.

The DSMB consists of the following experts: Professor in 
Cardiology Hans Mickley and Professor in Clinical Biosta-
tistics in Diagnostic Research Oke Gerke. DSMB is inde-
pendent of The Steering Committee. During the study, the 
DSMB will have access to the complete database including 
the randomisation list. The DSMB will advise The Steering 
Committee to end the study if safety issues arise (see also 
Safety and Ethics).

The data registration is performed via REDCap 
(Research Electronic Data Capture) with logging and 
secure storage directly on a server under Odense Patient 
data Explorative Network (OPEN), Region of Southern 
Denmark.

Publication
Project results reporting the primary endpoint will be 
published in peer-reviewed international journals. We 
used the Standard Protocol Items: Recommendations 
for Interventional Trials (SPIRIT) checklist when writing 
our report. After the primary publication, the results are 
communicated to the participants and the public. Posi-
tive as well as negative findings will be reported.

Feasibility
Approximately, 13 000 patients with suspected angina 
pectoris are examined by cardiac-CT in Western Denmark 
every year. All data, including baseline cardiovascular 
risk factors, history of ischaemic heart disease and symp-
toms, scan characteristics and results, including measure-
ments of the CAC score, are collected prospectively in 
the Danish Heart Registry; 1525 men and women had a 
cardiac CT, and a CAC score above 400 in 2021. In 2022, 
1860 men and women had a CAC score above 400. Thus, 
more than 3300 patients fulfil the inclusion criteria to 
participate in DANCODE. An invitation to participate in 
DANCODE is send by mail to these patients. If a patient is 
interested, he/she is invited to the local site to discuss the 
trial with a study nurse. If he/she is willing to participate 
in the study, informed consent is obtained and he/she is 
randomly assigned to the vitamin K2 or placebo group. 
Thus, we are able to identify enough participants.

Ethics and dissemination
Safety
The study will utilise the same active and placebo pills as 
the AVADEC trial, which demonstrated great safety and 
tolerability.22 In addition, no difference in quality of life 
and no difference in laboratory safety measurements 
were found. In line with the AVADEC trial, a Belgian 
dose-finding study using 360, 720 or 1080 µg of vitamin 
K2 three times per week for 8 weeks in chronic haemodi-
alysis patients found no severe adverse effects.24 Vitamin 
K2 was well tolerated and did not cause a hypercoagu-
lable state.25 Thus, there are no reported adverse effects 
associated with the use of vitamin K2.20

Each patient will undergo three CT scans during the 
DANCODE study. Epidemiological studies do suggest 
that radiation exposure is associated with a slightly 
increased risk of cancer.26 No large studies involving 
medically exposed adult cohorts are available, but a linear 
no-threshold model has been considered. The average 
dose of one non-contrast cardiac CT scan is 1 mSv. Two 
additional contrast cardiac CT scans are performed (base-
line and 24 months) with an average dose of 3 mSv each, 
thus at average the participants in DANCODE will receive 
9 mSv (baseline: 4 mSv, 12 months: 1 mSv and 24 months: 
4 mSv). For comparison, the annual background radia-
tion dose in Denmark is 3 mSv, and the average annual 
limit for radiation workers is 20 mSv.27

Safety monitoring
An independent DSMB is established to perform ongoing 
safety surveillance. None of the DSMB members are 
directly or indirectly involved in the coordination, execu-
tion or analysis of the study. On a monthly basis, the 
following is assessed: (1) severe adverse events (death, 
myocardial infarction, coronary revascularisation, stroke, 
heart valve surgery and venous thromboembolism), and 
(2) laboratory measurements (creatinine, eGFR, sodium, 
potassium, calcium, magnesium, albumin, phosphate, 
alkaline phosphatase, parathyroid hormone and PT-INR). 
If there is a reason for concern, the DSMB can advise to 
interrupt the study for further analysis. The study can be 
terminated prematurely if the number of severe adverse 
events is significantly higher in the treatment group versus 
the placebo group. This will be discussed in a meeting 
with the investigators and DSMB. The investigator will 
inform the subjects in case of interruption or termination 
of the study.

Only the independent DSMB will have access to the 
whole database, including the randomisation list, during 
the course of the research.

Data management
REDCap is used to register the data,28 and it is logged and 
securely stored on a server under the OPEN, Region of 
Southern Denmark.

Ethical approvals
The protocol is approved by the Regional Scientific 
Ethical Committee for Southern Denmark (S-20220030) 
and the Data Protection Agency (22/28984), and it will 
be conducted in accordance with the Declaration of 
Helsinki. According to the Danish Medicines Agency, 
vitamin K is a dietary supplement, and accordingly 
DANCODE is not a medical trial.

The study information is given by study staff. Oral 
and written informed consent is obtained from each 
participant. Subjects can leave the study at any time 
for any reason if they wish to do so, without any conse-
quences. The patients are covered by ‘Lov om Klage-og 
Erstatningsadgang indenfor Sundhedsvæsenet/
Patienterstatningen’.
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Dissemination
Positive, negative and inconclusive results from the trial 
will be published in international peer-reviewed journals 
and will be shared in the press and via social media. We 
used the SPIRIT checklist when writing our report.

DISCUSSION
CAC and especially progression in CAC is a strong 
predictor of acute myocardial infarction and cardiovas-
cular mortality.29 This study will examine the effect of 
vitamin K2 and vitamin D3 supplementation on progres-
sion of CAC in a randomised, placebo-controlled study. 
We hypothesise that vitamins K2 and D3 supplementation 
will slow down the progression of CAC. The strengths 
of this study are the design, the large number of partici-
pants as well as their high degree of CAC at baseline with 
presumably significant progression over the follow-up 
period. The population is of special interest as it is at high 
risk of cardiac events. No similar randomised studies have 
yet been performed. A limitation is that a potential effect 
of the supplementation is a shared effect of vitamins K2 
and D3, and no separate conclusions can be done for 
each of the vitamins. However, previous randomised trials 
on vitamin D supplementation alone have failed to show 
any effect on progression on coronary artery calcium.30 
In addition, the combination of vitamin D and vitamin K 
showed lower increase in carotid intima-media thickness 
compared with vitamin D alone.12 Although, the popula-
tion (and dosage of vitamin D) are different in these trials 
compared with ours, the currently available data suggest 
that any vascular effects are mediated by vitamin K and 
enhanced by vitamin D.

Another limitation is that the participants are not 
included based on their baseline vitamin levels resulting 
in a part of participants with normal vitamin ranges and 
possibly less effect of the intervention than individuals 
with insufficiency. If positive effects are shown despite of 
that, a new treatment option may be available to prevent 
not only progression of CAC, but also ischaemic heart 
disease. The results of this study are expected in 2026.

Applied tests during the study
Medical interview
Baseline data will be obtained at first visit. At the subse-
quent visits, an interview is conducted, and the following 
is evaluated: incident CVD, chest pain, dyspnoea and 
quality of life (EuroQol-5D). A web-based survey is 
performed 3 months after each visit to support compli-
ance and to evaluate possible side effects.

Laboratory assessment
Blood samples are obtained at every visit. Routine param-
eters include haemoglobin, creatinine, urea, sodium, 
potassium, calcium, magnesium, albumin, phosphate, 
alkaline phosphatase, parathyroid hormone and PT-INR.

Additionally, leukocytes, thrombocytes, lipid profile, 
haemoglobin A1c, alanine transaminase, lactate 

dehydrogenase, bilirubin, creatine kinase, troponin T 
and C-reactive protein are measured at first and last visit.

As a part of the study, 40 mL of blood from each of the 
participants will be collected at baseline, 12 and 24 month 
visit and centrifuged, labelled and stored at −70°C in a 
biobank until serial testing. Dp-ucMGP, which also is 
a surrogate measure of vitamin K2 level, and 25-OH 
vitamin D are measured in the biobank samples after the 
last patient last visit.

Multislice CT scans
Cardiac CT scans will be performed using a dedicated 
cardiac CT-scanner. A standard non-contrast as well as 
contrast scan is performed according to usual clinical 
care. In patients with a stable heart rate above 60 beats 
per min, oral or intravenous β-blocker is administered 
until the heart rate is appropriate (if possible below 60). 
Sublingual nitrates are administered to all patients prior 
to the scan. Regarding the non-contrast scan, 120 kV tube 
voltage (mandatory) is used. In patients with stable heart 
rate below 65 beats per min, a prospectively diastolic scan 
(70% phase) is used. Otherwise, a prospectively scan 300 
ms after the QRS complex. The contrast scan protocol 
depends on the local CT scanner and the patient’s heart 
rate. In patients with stable heart rate above 65 beats per 
min, a prospectively diastolic scan (65%–75% phase) is 
used. Otherwise, a prospectively scan 200–400 ms after 
the QRS complex; 50–70 mL of contrast agent is injected 
into an antecubital vein at a rate of 6.0 mL/s followed by 
50–70 mL intravenous saline (6.0 mL/s) using a dual-head 
power injector. Data acquisition parameters depends on 
the local CT scanner, but slice collimation will be below 
0.6 mm, gantry rotation time as fast as possible and a tube 
voltage of 70 or 120 kV depending on patients’ weight.

All scans are sent to and analysed at end-of-study by 
the core laboratory in Odense University Hospital. CAC 
scores are measured using the Agatston method by 
summing-up all spots of calcifications in the coronaries. 
The coronary artery tree will be analysed for the presence 
and severity of CAD, according to the classification of 
the American Heart Association 16-segment model. All 
coronary segments≥2 mm in diameter with plaque will be 
analysed using a semiautomated software (AutoPlaque) 
that measures coronary plaque composition and volume. 
Coronary plaques are defined as visible structures within 
or adjacent to the coronary artery lumen, which can 
be clearly distinguished from the vessel lumen and the 
surrounding pericardial tissue. Scans are analysed by four 
trained and experienced technicians under continuous 
monitoring by two cardiologists.
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