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Vascular calcification (VC) is a common manifestation of the enhanced Cardiovascular 

(CV) disease that is observed in Chronic Kidney Disease (CKD). Although the pathogenesis of 
VC is very complex, recently it became evident that it is the result of the imbalance between 
calcification promoters and inhibitors, in favor of the former. Matrix Gla Protein (MGP), a 
powerful inhibitor of VC depends on vitamin K to be fully activated. Epidemiologic data suggest 
that vitamin K deficiency is highly prevalent in CKD even at the early stages of the disease and 
correlates tightly with CV outcomes. In animal models, supplementation of vitamin K was 
accompanied with regression of VC, through activation of MGP. In this review, we aimed to 
present the existing data regarding the effect of vitamin K supplementation on VC and CV 
outcome in uremic patients.  
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Introduction 
 
Cardiovascular disease (CVD) still remains the 

major cause of mortality and morbidity in the chro-
nic kidney disease (CKD) population, accounting for 
nearly half of the deaths that occur in end stage 
kidney disease (ESKD) patients receiving dialysis 
treatment, according to the large national database 
of United States Renal Data System USRDS (1). 
Globally, the prevalence of CKD is about 11-13% of 
the general population but only 0.1-0.3% ends in 
dialysis, a percentage that is expected to rise 

dramatically during the next decade (2). This is due 
to the fact that more of patients at CKD stages 1-2 
will die from CVD than progress to ESKD and require 
dialysis treatment (3). Traditional, Framingham risk 
factors can only partially explain the increased risk 
for CVD that is observed in the CKD population. One 
of the novel mechanisms that is proposed to under-
lie the occurrence and progression of CVD in CKD 
might be the calcification of the arteries and cardiac 
valves (4). Therefore, vascular calcification (VC) or 
vascular stiffness (VS) might confer to the dele-
terious CVD burden that is common in uremic pa-
tients. 

 
Arterial calcification and stiffness in CKD 

and ESKD 
 
VC or VS starts in the third decade of life, 

increases progressively as we age and is a common 
finding among the healthy aged. In CKD and ESKD, 
VC and VS start very early (5), are highly prevalent 
and progress along with deterioration of kidney 
function. The clinical importance of VC is that the 
presence of calcium depositions in any artery of the 
human body (regardless of size or site), confers a 3-
4 fold increased risk for CVD morbidity and mortality 
(6), whereas it is suggested that "we are as old as 
our arteries are". VC exists in four distinct types: 
calcification of the media, of the intima layer, of 
heart valves and calciphylaxis. In CKD, any of these 
forms might present alone in any combination with 
other forms (7). Compared to age/gender-matched 
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controls from the general population, VC in CKD is 
up to 45 times more pronounced (8), whereas even 
at CKD stages 1 or 2, VC is detected in 50-90% of 
all patients (5). In ESKD, VC is more exacerbated, 
and is prevalent in 90% of all cases; moreover, each 
extra year on hemodialysis (HD) increases the risk 
for developing VC by 15% (9). Although VC has 
been identified over a century ago, the exact patho-
physiological mechanisms underlying its occurrence 
and progression were not fully elucidated until 
recently. 

For more than a hundred years, VC was 
recognized as a passive, degenerative disorder with 
no treatment options. This perception was over-
turned three decades ago, when it became evident 
that VC was actually an active molecular process, 
where the first crucial step was the transformation of 
vascular smooth muscle cells to osteoblastic pheno-
type (10). Moreover, it was found that this process 
was modulated by a plethora of molecules and 
proteins that were implicated in the process of bone 
formation and either enhanced or abrogated the 
calcification process. Thus, VC might be the result of 
the imbalance between calcification promoters and 
inhibitors, in favor of the former.  

 
Matrix Gla Protein: The natural inhibitor 

of VC in need of vitamin K 
 
Among various inhibitors of arterial calcifica-

tion, Matrix Gla Protein (MGP) is the first one to be 
ever discovered and the most powerful of all (11). 
MGP is a small molecule with a molecular weight of 
about 12 kDa, containing 84 amino-acids, 3 serine 
residues and 4-5 glutamate (Glu) residues. MGP is 
secreted within the vessel wall and the cartilage and 
inhibits VC via several pathways (10): firstly, MGP 
exhibits high affinity to free, circulating calcium, 
secondly, it directly binds to calcium, phosphorus 
and hydroxyapatite crystals accumulated in the ves-
sel wall and forms inactive complexes, thirdly, it 
stimulates the clearance and removal of these com-
plexes from the vessels by macrophages and finally, 
MGP abrogates the activation of a powerful promoter 
of VC, bone morphogenetic protein-2, by antago-
nizing the binding of this molecule to its specific 
receptors (10, 12, 13). Moreover, there is a synergy 
between MGP and vitamin D regarding the meta-
bolism of free calcium; MGP keeps the free calcium 
away from the vessels and vitamin D transfers it to 
the bones (14). Luo et al., were the first to identify 
the crucial clinical role of MGP (15); genetically 
modified rodents that could not express MGP 
(knockout MGP-/-), were born with natural pheno-
type but all died within 240 days from their birth due 
to excessive bleeding caused by rupture of their 
calcified aorta. Therefore, it became evident that 
without expressing MGP, life could not be sustained. 
Additional evidence came from genetic studies 
showing that mutations in the MGP gene - leading to 
under expression of MGP - are responsible for the 
Keutel syndrome, a rare condition where accelerated 
spontaneous calcification of cartilage, vessels and 
soft tissues presents (16). Following these, several 
genetic studies reported a tight association between 
single nucleotide polymorphisms of the MGP gene 

and VC/VS or CVD outcomes in various populations, 
including CKD (17-19). MGP is part of the family of 
vitamin-k-dependent proteins (VKDPs), which are 
implicated in coagulation, bone metabolism and 
cardiovascular health. The common characteristic of 
all VKDPs is the presence of Glu residues that need 
to undergo carboxylation, a process that need vita-
min K as a cofactor. Only when the inactive Glu 
residues are fully carboxylated to γ-carboxygluta-
mate (Gla), VKDPs become biologically active. In 
addition, MGP has to undergo to another activation 
process that requires vitamin K as a cofactor, phos-
phorylation of its serine residues. Therefore, the 
initial, fully inactive MGP molecule is uncarboxylated 
and dephosphorylated (dp-ucMGP), which under-
goes firstly carboxylation and then phosphorylated 
to become the fully active form. Only after under-
going these two processes, MGP possesses the abi-
lity to act as an inhibitor of VC and an important 
regulator of circulating calcium (20). However, dp-
ucMGP cannot bind to bone morphogenetic protein-2 
receptors and no longer has the ability to sweep 
calcium and hydroxyapatite crystals from the vessel 
wall (21, 22).  

Warfarin, a well-known anticoagulation agent, 
is a vitamin K antagonist. Since MGP needs vitamin 
K to become active, the research team from 
Maastricht found that after 180 days of warfarin 
supplementation, rats exhibited enhanced VC, due 
to the impaired carboxylation of MGP (23). After the 
end of this period, rats were divided to receive 
warfarin or vitamin K in low or high concentrations 
for another 240 days and the authors found a 37% 
regression of VC in the high vitamin K group. This 
was the first study to show that vitamin K sup-
plementation might prevent or even regress VC, 
through activation of MGP. During the past decade, 
dp-ucMGP has been coherently shown to be asso-
ciated with subclinical, surrogate markers of VC/VS 
and cardiovascular outcomes in the general popu-
lation (24-26), in patients with heart failure (27-29) 
and CVD (30, 31). Since uremia is a state of 
enhanced arterial calcification, several investigators 
aimed to explore the potential clinical importance of 
dp-ucMGP in CKD and ESKD. In a small cohort of 
pre-dialysis CKD patients, Schurgers et al., were the 
first to show that dp-ucMGP was correlated with the 
degree of VC and predicted all-cause mortality (21). 
In the same study, dp-ucMGP increased progressi-
vely across stages of CKD. Similarly, Roumeliotis et 
al., showed that in a cohort of diabetic CKD patients, 
dp-ucMGP predicted all-cause/CVD mortality and 
deterioration of kidney function, after 7 years of 
follow-up (32). Likewise, other small, cross-sectional 
studies reported a close association between dp-
ucMGP and VC or VS in pre-dialysis CKD cohorts 
(33, 34). In ESKD, the tight association of dp-ucMGP 
with CVD outcomes has been repeatedly reported by 
several studies (35, 36). The major limitations of the 
forementioned studies include the small sample size, 
the fact that vitamin K was not directly assessed and 
the observational design. However, it was coherently 
shown that dp-ucMGP, reflecting vitamin K defici-
ency, was a reliable marker of VC in uremic patients. 
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Vitamin K-the key vitamin for cardiovascular 
health in uremia 

 
Vitamin K is a family of fat-soluble vitamins 

playing a pivotal role in coagulation, bone and 
calcium metabolism. Vitamin K includes two vita-
mers, K1 or phylloquinone and K2 or menaquinone; 
in turn, K2 exists in several subtypes, which differ in 
isoprenyl units and length of side chain. Although 
the subtype with the longest side chain and the best 
bioavailability in humans is menaquinone-7 (MK-7) 
(37), all K forms have the ability to act as cofactors 
for MGP carboxylation. 

Data from large population-based studies -
such as the ERGO (38), NHANES II (39), EPIC (40), 
PREVENT (41) and Danish Diet, Cancer and Health 
Study (42) - coherently showed that insufficient, 
dietary vitamin K intake was independently asso-
ciated with all-cause mortality and CVD in the gene-
ral population. CKD is a state of subclinical and 
underdiagnosed vitamin K deficiency which is highly 
prevalent even at stages 1-2 and gradually increa-
ses, as disease progresses to ESKD (43). This could 
be attributed to several reasons; first, CKD patients 
often have strict dietary recommendations to avoid 
green leafy vegetables (that are rich in K1 and 
potassium) and dietary products (that are rich in K2 
and phosphorus) (44), second, the uremic environ-
ment might affect the recycling and bioavailability of 
vitamin K (45), third, certain drug agents that these 
patients receive (such as phosphate binders and 
proton pump inhibitors) might further reduce the 
availability of vitamin K (46) and finally, in uremia, 
the uptake and metabolism of vitamin K by lipo-
proteins is significantly impaired (47). In pre-dialysis 
CKD, in ESKD patients and in kidney transplant 
recipients, vitamin K deficiency is very common and 
has been repeatedly associated with the occurrence 
of CVD outcomes (21, 32, 48, 49). With this 
background in mind, it was attractive to hypothesize 
that in uremia, vitamin K supplementation might 
protect from VC through activation of MGP. To 
determine the dose of vitamin K that should be 
supplemented in ESKD patients, Caluwe et al. (50) 
and Westenfeld et al. (51) conducted two dose-
finding studies in HD cohorts. Caluwe et al., divided 
200 HD patients to either 360 or 720 or 1080 μg of 
MK-7 thrice weekly for 60 days and found that 
plasma dp-ucMGP was decreased by 17%, 33% and 
46% in groups, respectively (50). In a study with 
quite similar design, Westenfeld et al., divided 53 
HD patients to either 45 or 135 or 360 μg of MK-7 
every day for 45 days and found that plasma dp-
ucMGP was reduced by 17.9%, 36.7% and 61.1% in 
groups, respectively (51). These two studies showed 
a dose-dependent reduction of dp-ucMGP with in-
creased dose of MK-7 and provided the rationale for 
interventional, clinical studies in this population. 
Moreover, it was shown that even a daily dose of 
464 μg could not fully restore vitamin K deficiency in 
HD patients. 

 
 
 
 

Interventional clinical trials of vitamin K 
supplementation in uremia 

 
To date, seven interventional trials on pa-

tients with kidney function impairment have been 
completed and reported results; two in kidney trans-
plant recipients, two in pre-dialysis CKD and three in 
dialysis patients. The first study was conducted by 
Kurnatowksa et al., in 2015 (52), in a cohort of 42 
CKD patients at stages 3-5 not receiving dialysis. 
Patients were randomly allocated to daily, oral sup-
plementation of either vitamin D 10 μg or combi-
nation of D with K (MK-7, 90 μg) for 270 days. After 
the treatment period, the authors reported that 
compared to the D group, patients in the D+K group 
exhibited a significant reduction of carotid intima 
media thickness (cIMT) progression, whereas a non-
significant trend towards improvement of coronary 
artery calcification score in this group was observed. 
Mansour et al., conducted the KING study, the first 
interventional trial in kidney transplant recipients 
(53). In this single arm study, sixty patients re-
ceived per os 360 μg/day of MK-7 for 60 days and at 
the end of the treatment period the authors found a 
significant, 14.2% decrease in carotid-femoral pulse 
wave velocity (PWV). Although these two trials were 
positive, the ones that followed have reported nega-
tive results to date. Oikonomaki et al., conducted a 
single arm study where they supplemented 52 HD 
patients with 200 μg/day of MK-7 for 360 days and 
reported no effect on the Agatston score (54). Like-
wise, the K4KIDNEYS was a randomized, placebo-
controlled trial in a cohort of 159 pre-dialysis CKD 
patients showing that 400 μg/day of MK-7 for 360 
days failed to show any beneficial effect on PWV or 
abdominal aortic calcification score (55). Similarly, 
the VALKYRIE study that included 132 HD patients 
with atrial fibrillation randomly divided to either 
warfarin, or rivaroxaban or rivaroxaban with vitamin 
K (200 μg of MK-7, thrice weekly) for 540 days, 
failed to show any effect of vitamin K on PWV, 
coronary artery calcification score or calcification of 
the heart valves (56). In agreement with these 
results, the RENAKVIT randomized, placebo-con-
trolled trial showed that daily intake of 360 μg MK-7 
for 720 days had no effect on VC or VS, in a mixed 
dialysis cohort of 21 patients either on HD or peri-
toneal dialysis treatment (57). The most recent 
randomized, placebo controlled trial that was pub-
lished is the VIKTORIES trial (58). In this trial, 
ninety kidney transplant recipients were randomized 
to either 5 mg of menadiol diphosphate thrice 
weekly or placebo for 360 days but after the treat-
ment period there was no effect of vitamin K intake 
on arterial stiffness assessed by MRI-based aortic 
distensibility or arterial calcification assessed by cor-
onary artery calcium score. 

Although the existing studies are very limited, 
we expect with great interest the results of several, 
currently ongoing interventional studies in CKD po-
pulations, including the Treatment to Reduce Vas-
cular Calcification in Hemodialysis Patients Using 
Vitamin K (TReVasc-HDK) (59), the Inhibit Pro-
gression of Coronary Artery Calcification with Vita-
min K1 in Hemodialysis participants (iPACK-HD) 
(60), the Vitamin K to Slow Progression of Cardio-
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vascular Disease Risk in Hemodialysis Patients (Vita-
K 'n' CKD) Study (registered in clinicaltrials.gov, with 
reference number NCT03311321), the Vitamin K1 to 
Slow Progression of Vascular Calcification in HD 
Patients (VitaVasK) (61), the Universidad Católica de 
Salta-Vitamin K2 Supplementation and Vascular 
Calcification (UCASAL-VITK), which studies for the 
first time intravenous supplementation of MK-7 in 
HD patients (registered in clinicaltrials.gov, with    
reference number NCT04539418) and the Vitamin K 
in Peritoneal Dialysis (VIKIPEDIA) study, which will 
be the first to assess MK-7 supplementation in PD 
(registered in clinicaltrials.gov, with reference 
number NCT04900610).  

 
Questions that remain, areas of debate 

and future directions 
 
To date, the existing data do not support that 

vitamin K supplementation has beneficial effect on 
VC and CVD in uremic patients. However, the data 
are limited and derived from studies with major 
limitations (62). First, although the dose-finding 
studies by Westenfeld et al. and Caluwe et al., 
showed that even 464 μg/day of MK-7 failed to res-
tore vitamin K status in HD patients, all aforementio-
ned studies used lower dosages. Secondly, in certain 
studies the sample size was very small (in 
RENAKVIT study, only 21 patients completed the 
study) and thirdly, in other studies (such as the 
VALKYRIE study), the population included was very 

old where arteries are in a calcified, mummified 
status and probably unresponsive to treatment. 
Finally, in the K4KIDNEYS study the population was 
probably not vitamin K deficient and the treatment 
period was rather short. 

There are still several questions that remain 
unanswered: should we treat CKD patients with 
vitamin K? With which vitamer? Which subform? 
Which dosage? For how long? And how to monitor 
the possible beneficial effect? These questions will be 
hopefully answered when the ongoing, interventio-
nal studies report their results.  

 
Conclusion 
 

VC is a common manifestation of CVD in 

uremia. Although its pathogenesis is very complex, 
MGP, a powerful inhibitor of VC depends on vitamin 
K to be fully activated. Epidemiologic data suggest 
that vitamin K deficiency is highly prevalent in CKD 

even at the early stages of the disease and corre-
lates tightly with CVD outcomes. In animal models, 
supplementation of vitamin K (MK-7) was accompa-
nied with regression of VC, through activation of 
MGP. Until to-day, the data regarding the effect of 
vitamin K on uremic patients remain limited. Future, 
larger, interventional randomized placebo-controlled 

trials are needed in order to draw definite con-
clusions.  
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Vaskularna kalcifikacija (VK) je česta manifestacija pojačane kardiovaskularne bolesti, 

koja je primećena kod hronične bolesti bubrega (HBB). Iako je patogeneza kradiovaskularnih 

bolesti kompleksna, u poslednje vreme postalo je evidentno da je posledica disbalansa između 
promotera kalcifikacije i njenih inhibitora, u korist promotera kalcifikacije. Matriks Gla protein 
(MGP), moćan inhibitor vaskularne kalcifikacije, zavisi od vitamina K, kako bi bio aktiviran u 
potpunosti. Epidemiološki podaci sugerišu na to da je prevalencija deficita vitamina K visoka 
kod hronične bolesti bubrega, čak i u ranim fazama bolesti i u korelaciji je sa kardio-
vaskularnim bolestima, kao posledicom. Kod životinja, suplementacijom vitanom K postignuta 
je regresija kardiovaskularne bolesti, pomoću aktivacije MGP. U ovom pregledu, cilj je da 
predstavimo postojeće podatke o efektima suplementacija vitamina K na vaskularnu 
kalcifikaciju i kardiovaskularne bolesti, kod bolesnika sa uremijom.  
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