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ABSTRACT 

Vitamin K supplementation has been considered recently as a potential treatment for addressing vascular calcification 

in chronic kidney disease patients. 
We conducted a systematic review and meta-analysis to summarize the impact of vitamin K supplementation in dialysis 
patients. Electronic databases were searched for clinical randomized trials among patients treated with vitamin K. 
Random effects models were performed and risk of bias was evaluated with Cochrane tools and the search was 
conducted until 15 of September 2023. 
Eleven trials comprising 830 patients ( both adult and pediatric, mainly hemodialysis ) compared vitamin K with different 
controls: lower doses of vitamin K, standard care or placebo. Vitamin K supplementation had no effect on mortality. 
Vitamin K administration improved vitamin K levels and led to lower levels of dp-uc-MGP and moderately increased 
calcium levels [0.18 ( 0.04–0.32 ) ]. Vitamin K1 proved more potency in reducing dp-uc-MGP [SMD −1.64 ( −2.05, −1.23 ) vs. 
−0.56 ( −0.82, −0.31 ) ] and also raised serum vitamin K levels in comparison with vitamin K2 [5.69 ( 3.43, 7.94 ) vs. 2.25 
( −2.36, 6.87 ) ]. While it did not have a proved benefit in changing calcification scores [ −0.14 ( −0.37 ± 0.09 ) ], vitamin K 

proved to be a safe product. There was some concern with bias. 
Vitamin K supplementation has no impact on mortality and did not show significant benefit in reversing calcification 

scores. Vitamin K1 improved vitamin K deposits and lowered dp-uc-MGP, which is a calcification biomarker more than 

vitamin K2. As it proved to be a safe product, additional randomized well-powered studies with improved treatment 
regimens are needed to establish the true impact of vitamin K in dialysis patients. 
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GRAPHICAL ABSTRACT 
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KEY LEARNING POINTS 

What was known : 

• Chronic kidney disease and dialysis patients with optimal vitamin K status have better survival than patients with vitamin 
K deficiency.

This study adds : 

• Vitamin K supplementation is considered as a potential treatment for slowing progression of vascular calcification.

Potential impact : 

• This meta-analysis proves that vitamin K has no significant impact on mortality and proved no benefit in reducing vascular 
calcification although supplementation with vitamin K1 improved calcification biomarkers and vitamin K status.
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NTRODUCTION 

itamin K metabolism in chronic kidney disease 

itamin K encompasses several similar compounds that share 
 common core: 2-methyl-1,4-naphthoquinone or menadione.
itamin K 1 ( phylloquinone ) and vitamin K 2 ( menaquinone ) are 
btained via dietary plant and animal sources, respectively. Vi- 
amin K 3 cannot be obtained exogenously and represents an in-
ermediate metabolite. Vitamin K is an essential factor for the
rocess of γ -glutamyl carboxylation of several human proteins.
ost of these proteins are physiological and exert a role in the
oagulation cascade ( coagulation factors II, VII, IX, X, proteins C,
 and Z ) . Other are involved in mineralization processes of con-
ective tissues ( matrix Gla protein—MGP, osteocalcin, Gla-rich 
rotein, nephrocalcin ) [ 1 ]. The quantities that are considered ad-
quate from intake show small gender differences and differ be-
ween vitamin K 1 and vitamin K 2 : 120 μg/day and 54 μg/day for
en and 90 μg/day and 36 μg/day, respectively, for women [ 2 ]. 
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iomarkers and vitamin K status 

atrix Gla protein ( MGP ) originates from the vascular smooth 
uscle cells and chondrocytes [ 3 ]. Complete carboxylation of 

his protein depends on availability of vitamin K that acts as a 
ofactor. Carboxylated MGP has the capacity of binding calcium 

ons and hydroxyapatite molecules, thus inhibiting vascular cal- 
ification. On the other hand, the inactive form, dephospho- 
ncarboxylated MGP ( dp-ucMGP ) is associated with progression 
f vascular calcification [ 4 ]. Vitamin K deficiency is suggested 
y high levels of dp-ucMGP [ 5 ]. Chronic kidney disease ( CKD ) 
nd low renal function lead to elevated concentrations of this 
iomarker [ 2 ]. 

Osteocalcin is also known as bone γ -carboxyglutamic acid 
 Gla ) protein. Carboxylation leads to increased binding capac- 
ty of osteocalcin to the mineral component of the extracellular 
atrix. Under or un-carboxylated osteocalcin loses its affinity 
nd acts a hormone in the systemic circulation where it has a 
ole in glucose and lipid homoeostasis [ 6 ]. UcOC is increased in 
itamin K depletion [ 7 ]. 

Vitamin K status can be assessed by measurement of phyllo- 
uinone ( vitamin K 1 ) or of menaquinone ( MK-4 ) . They are indi- 
ators of tissular stores. MK-4 levels are low in dialysis patients 
 8 ]. 

PIVKA-II ( proteins induced in vitamin K absence or 
ntagonism—factor II ) is a potential indicator for subopti- 
al vitamin K status. Increased levels suggest tissular depletion 
nd importantly, there is no interference with kidney function 
 9 ]. 

auses of vitamin K deficiency 

itamin K circulating levels and tissular stores appear to be low 

n dialysis patients [ 10 , 11 ]. Low intake could be explained by 
dherence to typical dialysis diets with important limitations 
f sodium, potassium, green vegetables, and dairy [ 12 ]. More- 
ver, uremia may alter vitamin K metabolism by interfering with 
ipoprotein mediated transport and by influencing γ -glutamyl 
arboxylase activity [ 13 , 14 ]. Certain medications commonly pre- 
cribed to dialysis patients can influence vitamin K concentra- 
ions. Anticoagulants such as warfarin act as vitamin K antag- 
nists with proved predisposition to increased risk of vascu- 
ar calcifications [ 15 ]. Sevelamer ( a phosphate binder ) is associ- 
ted with altered vitamin K status suggested by MK-4 deficiency 
nd increased levels of dp-ucMGP [ 16 ]. Clinical and experimental 
ata also suggest subclinical vitamin K deficiency under treat- 
ent with proton pump inhibitors and statins [ 13 ]. Gut dysbiosis 

s another mechanistic speculative reason for altered vitamin K 

tatus in dialysis patients [ 17 ]. 

onsequences of vitamin K deficiency 

ow vitamin K intake leads to increased risk of severe aortic cal- 
ification and increased mortality in elderly patients [ 18 ]. 

Chronic kidney disease patients with optimal vitamin K sta- 
us ( low plasma dp-ucMGP and high plasma phylloquinone ) 
ave better survival than patients with vitamin K defi- 
iency. Furthermore, lower levels of dp-ucMGP are associ- 
ted with lower risk of congestive heart failure and atrial 
brillation [ 19 ]. 
Altering vitamin K status with anti-vitamin K agents can lead 

o increased risk of fractures [ 20 ]. Vitamin K deficiency is predic- 
ive for vertebral fractures and vascular calcifications [ 11 ]. Also,
ltered integrity of matrix Gla protein by vitamin K deficiency 
ay increase the risk of calciphylaxis [ 21 ]. 

ole of vitamin K supplementation in cardiovascular 
nd bone health 

iven the putative beneficial mechanism, vitamin K has been 
onsidered as a potential therapeutic tool in reversing vascu- 
ar calcification and improving bone health. Several studies have 
ound a beneficial association of vitamin K supplementation and 
elaying progression of vascular and valvular calcification [ 22 ,
3 ]. Recent meta-analyses have underlined the beneficial effect 
f vitamin K on osteoporosis outcomes: vitamin K is associated 
ith decreased fracture risk and may prove beneficial in main- 
aining and improving bone mineral disease, without associated 
isks [ 24 –26 ]. A recent metanalysis evaluating the effects of vi-
amin K supplementation on vascular calcifications in CKD pa- 
ients ( including dialysis patients ) found no significant benefit 
n reducing calcification scores. 

In this study we aimed to evaluate the impact of vitamin K
upplementation in dialysis patients by realizing a systematic 
eview and metanalysis of randomized trials. 

ATERIALS AND METHODS 

rotocol and registration 

e performed this systematic review and meta-analysis re- 
pecting recommendations of the Preferred Reporting Items 
or Systematic Reviews and Meta-Analyses ( PRISMA ) guidelines 
 28 ]. The protocol and employed methods were registered pre- 
iously in an international prospective register for systematic 
eviews ( OSF: 10.17605/OSF.IO/Z63UG ) . 

earch strategy 

e conducted a multi-database search including MED- 
INE/Pubmed, EMBASE, Cochrane Library, Web of Science,
linicalTrials.gov. Key-words for the search were: ‘vitamin 
’, ‘phylloquinone’, ‘menadione’, ‘calcifications’, ‘CKD-MBD’,
dialysis’. Where data was missing or not available in the 
upplementary materials, we contacted the authors. We aimed 
o include studies published before 15 September 2023. No 
anguage restriction was applied. 

tudy inclusion criteria and data extraction 

e considered randomized studies for inclusion in the pres- 
nce of the following criteria: dialysis patients ( hemodialysis 
r peritoneal dialysis ) , treatment with one vitamin K prepara- 
ion ( phylloquinone, MK-4, MK-7, menatetrone, menaquinone ) ,
andomized trials with control represented by placebo, standard 
are or lower doses of vitamin K. Studies were excluded in the 
bsence of the randomization. 

Two authors ( T.A. and A.S. ) independently conducted the 
earch, screened the records, proposed eligible studies, extracted 
he characteristics and data of studies. Differences or discrepan- 
ies were evaluated by a third author ( I.N. ) . 

isk of bias assessment 

e assessed the quality and characteristics related to bias in ac- 
ordance with the revised Cochrane tool for randomized trials 
 29 ]. 
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Figure 1: Flow-chart of included studies. 
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ata synthesis and statistical analysis 

xtracted data was synthesized by means of random-effects 
odelling. The primary outcome we addressed was mortality.
econdary outcomes included changes in vitamin K status 
iomarkers ( dp-ucMGP, osteocalcin, PIVKA-II ) , descriptors of 
ascular calcifications ( Agatston scores, calcifications volumes,
ulse wave velocity measurements, valvular calcifications 
cores ) , changes in chronic kidney disease—mineral bone 
isease ( CKD-MBD ) parameters ( intact parathyroid hormone—
PTH, calcium, phosphate, fibroblast growth factor 23 FGF-23 ) ,
afety assessment and adverse reactions ( deaths, anaphylaxis,
igestive and thrombotic manifestations ) . Mean difference ( MD ) 
nd standard deviation ( SD ) of continuous variables were com- 
uted to weighted MD. Relative risk ( RR ) and 95% confidence
nterval were calculated for dichotomous data. Values were 
isplayed with pooled estimation and according 95% confidence 
ntervals. I² statistic was used as a measure of heterogeneity: 
alues of 25%, 50%, and 75% corresponded to cut-offs for low,
oderate, and high heterogeneity, respectively [ 30 ]. Statistical 
nalysis was performed using Review Manager, Version 5.4 
 RevMan 5 ) [ 31 ]. 

ESULTS 

escription of the included studies 

n total, 127 publications were selected after search protocol and
ssessed for eligibility in the final analysis. The schematic flow
hart of search and choice strategy are shown in Fig. 1 . Table 1
epicts general characteristics of the eligible and included stud- 
es [ 32 –42 ]. We included 11 papers that included 830 patients in
otal. Studies mainly included adult hemodialysis ( HD ) patients.
ne study included pediatric patients on maintenance HD [ 34 ]
nd one study also included PD patients [ 37 ]. Treatment interval
anged from six weeks to two years. Vitamin K administration
egimens were different between studies regarding dosages and 
ntake ( daily vs. post-dialysis session ) . Five studies had a three-
eekly regimen with direct observation treatment administered 
ost-dialysis [ 32 , 33 , 35 , 36 , 41 ]. In the study by Caluwé et al. [ 32 ]
he comparator was a lower dose of vitamin K, while in the study
onducted by De Vriese et al. [ 33 ], we assessed comparisons with
ivaroxaban and not with vitamin K antagonists, which was an-
ther treatment arm. 

ffect of vitamin K on mortality 

itamin K had no significant impact in the seven included stud-
es that reported data on mortality. After assessing the separate
mpact of vitamin K1 and vitamin K2, there was no change and
ntervention did not impact mortality ( Fig. 2 ) . 

ffect of vitamin K on calcification biomarkers 

itamin K1 supplementation led to a statistically significant and
mportant increase in vitamin K levels [MD = 5.69 ( 3.43, 7.94 ) ].
itamin K2 proved no significant impact on plasmatic vitamin K
evels [MD = 2.25 ( −2.36, 6.87 ) ] ( Fig. 3 ) . 

Both vitamin K1 and vitamin K2 significantly lowered serum
evels of MGP although effect magnitude was higher in vitamin
1 [SMD −1.64 ( −2.05, −1.23 ) vs. −0.56 ( −0.82, −0.31 ) ] ( Fig. 4 ) . 
In two studies that reported the effect of vitamin K supple-

entation on plasmatic PIVKA-II levels, there was no observed
tatistically significant benefit ( Fig. 5 ) . 

ffect of vitamin K on calcification score 

here was no significant between-groups difference fort the
ost-interventional Agatston score ( Fig. 6 ) . 

ffect of vitamin K on pulse wave velocity 

our studies have assessed the impact of vitamin K supple-
entation on arterial stiffness. There was no significant impact
f vitamin K on pulse wave velocity [MD = 0.45 ( −0.16, 1.07 ) ]
 Fig. 7 ) . 

ffect of vitamin K on CKD-MBD parameters 

itamin K exhibited a significant effect on calcium levels [MD
.18 ( 0.04, 0.32 ) ]. The recorded increase was mainly attributed
o one study which weighted significantly [ 35 ]. There was no
hange in serum levels of PTH, FGF-23, or phosphate levels
 Fig. 8 ) . 

afety of vitamin K 

here were no excess adverse events recorded with vitamin K
dministration ( Fig. 9 ) . 

ensitivity analysis 

or each analysis, we also performed a duplicate estimation us-
ng a fixed-effect model with no significant differences reported
n effect sizes. 

eterogeneity 

eterogeneity was judged high across the performed analysis.
he origin of these differences mainly arisse from different clin-
cal features between included patients, dialysis modality, CKD-
BD profile at baseline, and vitamin K dosage and duration of

reatment. 
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Figure 2: Effect of vitamin K supplementation on mortality. ( A ) Pooled results of studies reporting mortality; ( B ) impact of vitamin K1 supplementation on mortality; 
( C ) impact of vitamin K2 supplementation on mortality. 

Figure 3: Separate effect of vitamin K preparation on serum vitamin K. ( A ) Effect of vitamin K1 on vitamin K plasmatic levels; ( B ) effect of vitamin K2 on vitamin K 

plasmatic levels. 
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Figure 4: Separate effect of vitamin K products on serum MGP status. ( A ) Effect of vitamin K1 on serum MGP; ( B ) effect of vitamin K2 on serum MGP. 

Figure 5: Effects of vitamin K on plasmatic PIVKA-II levels. 

Figure 6: Effect of vitamin K on coronary artery calcification Agatston score. 
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isk-of-bias assessment 

e assessed the risk of bias using the RoB2 tool and we found 
oncerns of bias mainly due to founding and providing of 
edications and also due to randomization and concealment 

ssues ( Fig. 10 ) . 
ISCUSSION 

xtra skeletal calcifications represent important contributors to 
he excessive cardiovascular burden present in dialysis patients.
nd-stage kidney disease ( ESKD ) constitutes an aggregate of dif- 
erent pathological pathways that lead to the final result of 
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Figure 7: Effect of vitamin K supplementation on PWV. 
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ydroxyapatite deposition in the extracellular matrix of the in- 
ima or media of vascular walls. Among those, dysregulated 
ineral metabolism with low levels of calcification inhibitors 

 such as MGP ) and high levels of uremic toxins have been asso-
iated with increased risk of cardiovascular morbidity. There is 
 significant heterogenous pattern of calcific vascular deposits.
his wide array of anatomical, tissular, and biochemical man- 
festations makes diagnosis ambiguous and difficult. In order 
o accurately assess calcification magnitude, it is important to 
se multiple complementary tests ( serum biomarkers such as 
etuin-A, MGP, osteoprotegerin; imaging studies such as plain ra- 
iographs, dual-energy X-ray absorptiometry, computed tomog- 
aphy, or ¹8 F-fluoride positron emission tomography ) [ 43 ]. Due
o these considerations, vascular calcification ( VC ) assessment 
s contemplated more as a surrogate end point for cardiovascu- 
ar disease. Multiple therapeutic strategies have addressed spe- 
ific pathogenic mechanisms in order to reduce progression of 
ascular calcifications. However, debate also exists upon the ef- 
ectiveness of VC improvement on true hard clinical outcomes 
uch as survival and cardiovascular events. 

In this metanalysis, vitamin K administration showed signs 
f metabolic benefit by improving serum levels of vitamin K
nd by reducing MGP levels. However, these biological bene- 
ts did not translate into clinical improvement of vascular cal-
ification score assessed post-intervention and did not reduce 
ortality. 
In this meta-analysis, vitamin K1 showed increased potency 

n reducing MGP levels in comparison with vitamin K2 and
lso had an impact on improving vitamin K plasmatic levels.
hese differences may be explained by different drug metabolic 
athways that have been already described. In advanced re- 
al disease, dialysis patients are incapable of incorporating 
enaquinone 7 in lipoprotein particles and there was very low
ctivity of vitamin K even after supplementation. These uremic 
erangements may explain the lack of benefit seen with vitamin
2 in advanced kidney disease [ 13 ]. 
A recent systematic review of interventions to attenuate vas- 

ular calcifications confirmed several effective evidence-based 
trategies to reduce progression of VC in CKD: magnesium sup-
lementation, sodium thiosulfate, etidronate, and reducing ex- 
genous calcium loading. Other therapies such as calcimimetics,
ral activated charcoal, sotatercept, and a novel molecule that 
nhibits hydroxyapatite formation directly ( SNF472 ) may possi- 
ly reduce VC progression but there are significant conflicting 
esults or paucity of data to support their use. Furthermore, au-
hors cited vitamin K2 supplementation as a therapy unlikely to
educe VC progression [ 44 ]. 
Several randomized studies have assessed the effect of vi-
amin K supplementation on non-dialysis renal population. A
mall study conducted in Poland on 42 patients with CKD stages
–5 showed that 90 μg MK7 combined with 10 μg cholecalcif-
rol led to lower progression of carotid intima-media thickness
fter 9 months compared to cholecalciferol alone. There was
o benefit on coronary artery calcification progression [ 45 ]. A
ritish study on stage 3b-4 CKD patients compared a higher vi-
amin K2 ( 400 μg ) daily dose to placebo. After 1 year of follow-up
here was no improvement of vascular stiffness, blood pressure,
-type natriuretic peptide or physical function [ 46 ]. Vitamin K
upplementation ( menadiol diphosphate 5 mg thrice weekly 
or 1 year ) in prevalent kidney transplant recipients failed to
how impact on slowing vascular stiffness or calcifications [ 47 ].
nother recent study included 40 vitamin K-deficient trans-
lanted patients. Patients were supplemented with 360 μg/day
enaquinone ( vitamin K2 ) or placebo for 3 months. There was
 slight benefit in preventing progression of pulse-wave veloc-
ty and in improving vitamin K status. There was no effect on
alcification propensity [ 48 ]. 

A Chinese study on HD patients assessed the effect of a vita-
in K enriched dialysate on vascular calcifications. Intervention

esulted in decreased calcification scores. Vitamin K enriched
ialysate led to elevated levels of Ca, P, bone specific alkaline
hosphatase, and fetuin A and to lower levels of CRP [ 49 ]. 
Vitamin K proved to be a safe product in our metanalysis.

here was no recorded excess of gastrointestinal symptoms,
hrombotic events or deaths. 

Regarding the effect of vitamin K supplementation on CKD-
BD parameters, the only statistically significant effect was
oted in calcium levels. Vitamin K did not result in significant
hanges of PTH, FGF-23, or phosphate levels ( Fig. 5 ) . Lack of
ignificant effect is probably multifactorial. Results were dis-
ordant between studies and inclusion criteria were differ-
nt: one study included patients with adynamic bone disease
 39 ]. Furthermore, baseline phosphate lowering medication may
nterfere with vitamin K metabolism and was not reported
niformly. 
The present metanalysis is limited by several findings. The

ifferent treatment administration protocols and the several 
henotypes of included populations ( pediatric HD patients, HD
dult patients, PD patients, etc. ) are both sources of the observed
eterogeneity. We also noted that sample sizes were limited in
ll studies. We considered mortality the primary outcome that
as not influenced by vitamin K administration. However, in-
luded studies were not powered to detect differences in mor-
ality. 
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Figure 8: Effect of vitamin K supplementation on CKD-MBD parameters. ( A ) Effect on PTH levels; ( B ) effect on FGF-23; ( C ) effect on calcium levels; ( D ) effect on phosphate 
levels. 
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A quite obvious source of heterogeneity is represented by the 
etabolic and pharmacologic profile of vitamin K products. In 

his context we performed a separate analysis regarding mortal- 
ty, assessing dichotomously the impact of vitamin K1 and K2,
hich were not associated with any benefit or harm. Further- 
ore, treatment protocols were different and dosages ranged 
etween the studies. 

The present study is important as it reflects the current 
nderstanding of vitamin K supplementation impact in dialy- 
is population. Given the important differences between em- 
loyed protocols, outcomes and supplementation strategies un- 
il this moment, there will be a need to try and harmonize 
hese concepts in upcoming major and adequately powered 

rials. a
This study is the first to systematically review the impact of 
itamin K supplementation specifically in dialysis patients on 
ascular calcification, mortality, and CKD-MBD parameters. 

Future research may need to focus on finding the correct 
reatment protocol and dosages in dialysis patients in order to 
btain significant benefits. 
In conclusion, vitamin K is a safe product in dialysis patients 

or improving vitamin K status but with no clear benefit in reduc- 
ng vascular calcifications or improvement of mortality. Vitamin 
1 showed better efficacy and may represent an agent with bet- 
er promise in the uremic milieu. High-dosage administration 
ssessed in well-empowered randomized controlled trials will 
stablish the effect of vitamin K supplementation on vascular 
nd bone health of dialysis patients. 
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Figure 9: Adverse events linked to vitamin K supplementation. ( A ) Gastrointestinal adverse events; ( B ) thrombotic events. 

Figure 10: Risk-of-bias judgement of RCT using RoB2 tool. 

D

T  

q

C
N

R

1  

 

 

2  

 

ATA AVAILABILITY STATEMENT 

he data underlying this article will be shared on reasonable re-
uest to the corresponding author. 

ONFLICT OF INTEREST STATEMENT 

one declared. 
EFERENCES 

. Mlad ̌enka P, Macáková K, Kujovská Kr ̌cmová L et al. Vitamin
K - sources, physiological role, kinetics, deficiency, detection,
therapeutic use, and toxicity. Nutr Rev 2022; 80 :677–98. https:
//doi.org/10.1093/nutrit/nuab061 

. Caluwé R, Verbeke F, De Vriese AS. Evaluation of vitamin
K status and rationale for vitamin K supplementation in

https://doi.org/10.1093/nutrit/nuab061


2748 T. Andrian et al.

 

3

4

5

 

6

7

8

9

1

1

 

1
 

1

 

1

1

1

1

1

 

1  

2

2

 

2

2

2  

2  

 

2  

2  

2

2  

 

3

3  

3

 

3

dialysis patients. Nephrol Dial Transplant 2020; 35 :23–33.
https://doi.org/10.1093/ndt/gfy373 

. Price PA, Otsuka AA, Poser JW et al. Characterization of 
a gamma-carboxyglutamic acid-containing protein from 

bone. Proc Natl Acad Sci U S A 1976; 73 :1447–51. https://doi. 
org/10.1073/pnas.73.5.1447 

. Silaghi CN, Ilyés T, Filip VP et al. Vitamin K dependent pro- 
teins in kidney disease. Int J Mol Sci 2019; 20 :1571. https://doi. 
org/10.3390/ijms20071571 

. Cranenburg ECM, Koos R, Schurgers LJ et al. Characterisa- 
tion and potential diagnostic value of circulating matrix 
gla protein ( MGP ) species. Thromb Haemost 2010; 104 :811–22.
https://doi.org/10.1160/TH09- 11- 0786 

. Wang JS, Mazur CM, Wein MN. Sclerostin and osteo- 
calcin: candidate bone-produced hormones. Front En- 
docrinol ( Lausanne ) 2021; 12 :584147. https://doi.org/10.3389/ 
fendo.2021.584147 

. Knapen MH, Schurgers LJ, Shearer MJ et al. Association of vi- 
tamin K status with adiponectin and body composition in 
healthy subjects: uncarboxylated osteocalcin is not associ- 
ated with fat mass and body weight. Br J Nutr 2012; 108 :1017–
24. https://doi.org/10.1017/S000711451100626X 

. Turner ME, Adams MA, Holden RM. The vitamin 
K metabolome in chronic kidney disease. Nutrients 
2018; 10 :1076. https://doi.org/10.3390/nu10081076 

. Elliott MJ, Booth SL, Hopman WM et al. Assessment of po- 
tential biomarkers of subclinical vitamin K deficiency in pa- 
tients with end-stage kidney disease. Can J Kidney Health Dis 
2014; 1 :13. https://doi.org/10.1186/2054- 3581- 1- 13 

0. Cranenburg EC, Schurgers LJ, Uiterwijk HH et al. Vitamin K 

intake and status are low in hemodialysis patients. Kidney 
Int 2012; 82 :605–10. https://doi.org/10.1038/ki.2012.191 

1. Fusaro M, Noale M, Viola V et al. Vitamin K, vertebral frac- 
tures, vascular calcifications, and mortality: VItamin K Ital- 
ian ( VIKI ) dialysis study. J Bone Miner Res 2012; 27 :2271–8.
https://doi.org/10.1002/jbmr.1677 

2. Fusaro M, D’Alessandro C, Noale M et al. Low vitamin K1 
intake in haemodialysis patients. Clin Nutr 2017; 36 :601–7.
https://doi.org/10.1016/j.clnu.2016.04.024 

3. Kaesler N, Schreibing F, Speer T et al. Altered vitamin K 

biodistribution and metabolism in experimental and hu- 
man chronic kidney disease. Kidney Int 2022; 101 :338–48.
https://doi.org/10.1016/j.kint.2021.10.029 

4. Kaesler N, Magdeleyns E, Herfs M et al. Impaired vitamin 
K recycling in uremia is rescued by vitamin K supplemen- 
tation. Kidney Int 2014; 86 :286–93. https://doi.org/10.1038/ki. 
2013.530 

5. Levy DS, Grewal R, Le TH. Vitamin K deficiency: an emerg- 
ing player in the pathogenesis of vascular calcification and 
an iatrogenic consequence of therapies in advanced renal 
disease. Am J Physiol Renal Physiol 2020; 319 :F618–23. https: 
//doi.org/10.1152/ajprenal.00278.2020 

6. Fusaro M, Cozzolino M, Plebani M et al. Sevelamer use, vita- 
min K levels, vascular calcifications, and vertebral fractures 
in hemodialysis patients: results from the VIKI study. J Bone 
Miner Res 2021; 36 :500–9. https://doi.org/10.1002/jbmr.4214 

7. Kemp JA, Alvarenga L, Cardozo LFMF et al. Dysbiosis in pa- 
tients with chronic kidney disease: let us talk about vita- 
min K. Curr Nutr Rep 2022; 11 :765–79. https://doi.org/10.1007/ 
s13668- 022- 00438- 9 

8. Geleijnse JM, Vermeer C, Grobbee DE et al. Dietary intake of 
menaquinone is associated with a reduced risk of coronary 
heart disease: the Rotterdam Study. J Nutr 2004; 134 :3100–5.
https://doi.org/10.1093/jn/134.11.3100 
9. Shea MK, Barger K, Booth SL et al. Vitamin K status, all-
cause mortality, and cardiovascular disease in adults with 
chronic kidney disease: the Chronic Renal Insufficiency Co- 
hort. Am J Clin Nutr 2022; 115 :941–8. https://doi.org/10.1093/ 
ajcn/nqab375 

0. Gage BF, Birman-Deych E, Radford MJ et al. Risk of osteo- 
porotic fracture in elderly patients taking warfarin: results 
from the National Registry of Atrial Fibrillation 2. Arch Intern 
Med 2006; 166 :241–6. https://doi.org/10.1001/archinte.166.2. 
241 

1. Nigwekar SU, Bloch DB, Nazarian RM et al. Vitamin K- 
dependent carboxylation of matrix gla protein influences 
the risk of calciphylaxis. J Am Soc Nephrol 2017; 28 :1717–22.
https://doi.org/10.1681/ASN.2016060651 

2. DiNicolantonio JJ, Bhutani J, O’Keefe JH. The health benefits 
of vitamin K. Open Heart 2015; 2 :e000300. https://doi.org/10. 
1136/openhrt- 2015- 000300 

3. Brandenburg VM, Reinartz S, Kaesler N et al. Slower progress 
of aortic valve calcification with vitamin K supplemen- 
tation: results from a prospective interventional proof- 
of-concept study. Circulation 2017; 135 :2081–3. Erratum in: 
Circulation. 2020 Jan 21;141 ( 3 ) :e54. https://doi.org/10.1161/ 
CIRCULATIONAHA.116.027011 

4. Salma, Ahmad SS, Karim S et al. Effect of vitamin K on
bone mineral density and fracture risk in adults: systematic 
review and meta-analysis. Biomedicines 2022; 10 :1048. https: 
//doi.org/10.3390/biomedicines10051048 

5. Zhou M, Han S, Zhang W et al. Efficacy and safety of vita-
min K2 for postmenopausal women with osteoporosis at a 
long-term follow-up: meta-analysis and systematic review.
J Bone Miner Metab 2022; 40 :763–72. https://doi.org/10.1007/ 
s00774- 022- 01342- 6 

6. Ma ML, Ma ZJ, He YL et al. Efficacy of vitamin K2 in the pre-
vention and treatment of postmenopausal osteoporosis: a 
systematic review and meta-analysis of randomized con- 
trolled trials. Front Public Health 2022; 10 :979649. https://doi. 
org/10.3389/fpubh.2022.979649 

7. Geng C, Huang L, Pu L et al. Effects of vitamin K supple-
mentation on vascular calcification in chronic kidney dis- 
ease: a systematic review and meta-analysis of randomized 
controlled trials. Front Nutr 2023; 9 :1001826. https://doi.org/ 
10.3389/fnut.2022.1001826 

8. Page MJ, Moher D, Bossuyt PM et al. PRISMA 2020 expla- 
nation and elaboration: updated guidance and exemplars 
for reporting systematic reviews. BMJ 2021; 372 :n160. https: 
//doi.org/10.1136/bmj.n160 

9. Sterne JAC, Savovi ́c J, Page MJ et al. RoB 2: a revised tool for as-
sessing risk of bias in randomised trials. BMJ 2019; 366 :l4898.
https://doi.org/10.1136/bmj.l4898 

0. Higgins JP, Thompson SG, Deeks JJ et al. Measuring incon- 
sistency in meta-analyses. BMJ 2003; 327 :557–60. https://doi. 
org/10.1136/bmj.327.7414.557 

1. The Cochrane Collaboration. Review Manager ( RevMan ) .
Version 5.4. The Cochrane Collaboration; 2020; Avail- 
able from: https://training.cochrane.org/online-learning/ 
core-software/revman 

2. Caluwé R, Vandecasteele S, Van Vlem B et al. Vitamin K2 
supplementation in haemodialysis patients: a randomized 
dose-finding study. Nephrol Dial Transplant 2014; 29 :1385–90.
https://doi.org/10.1093/ndt/gft464 

3. De Vriese AS, Caluwé R, Pyfferoen L et al. Multicenter 
randomized controlled trial of vitamin K antagonist re- 
placement by Rivaroxaban with or without vitamin K2 in 
hemodialysis patients with atrial fibrillation: the Valkyrie 

https://doi.org/10.1093/ndt/gfy373
https://doi.org/10.1073/pnas.73.5.1447
https://doi.org/10.3390/ijms20071571
https://doi.org/10.1160/TH09-11-0786
https://doi.org/10.3389/fendo.2021.584147
https://doi.org/10.1017/S000711451100626X
https://doi.org/10.3390/nu10081076
https://doi.org/10.1186/2054-3581-1-13
https://doi.org/10.1038/ki.2012.191
https://doi.org/10.1002/jbmr.1677
https://doi.org/10.1016/j.clnu.2016.04.024
https://doi.org/10.1016/j.kint.2021.10.029
https://doi.org/10.1038/ki.2013.530
https://doi.org/10.1152/ajprenal.00278.2020
https://doi.org/10.1002/jbmr.4214
https://doi.org/10.1007/s13668-022-00438-9
https://doi.org/10.1093/jn/134.11.3100
https://doi.org/10.1093/ajcn/nqab375
https://doi.org/10.1001/archinte.166.2.241
https://doi.org/10.1681/ASN.2016060651
https://doi.org/10.1136/openhrt-2015-000300
https://doi.org/10.1161/CIRCULATIONAHA.116.027011
https://doi.org/10.3390/biomedicines10051048
https://doi.org/10.1007/s00774-022-01342-6
https://doi.org/10.3389/fpubh.2022.979649
https://doi.org/10.3389/fnut.2022.1001826
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.327.7414.557
https://training.cochrane.org/online-learning/core-software/revman
https://doi.org/10.1093/ndt/gft464


Vitamin K supplementation impact in dialysis patients 2749 

3  

3  

 

3  

3

3

3  

4  

4  

 

4  

 

4  

 

4  

 

4  

 

 

4  

 

4  

 

 

4  

 

4  

 

R

©
C
a

Study. J Am Soc Nephrol 2020; 31 :186–96. https://doi.org/10. 
1681/asn.2019060579 

4. El Borolossy R, El-Farsy MS. The impact of vitamin K2 and
native vitamin D supplementation on vascular calcification 
in pediatric patients on regular hemodialysis. A randomized 
controlled trial. Eur J Clin Nutr 2022; 76 :848–54.

5. Haroon S, Davenport A, Ling LH et al. Randomized controlled
clinical trial of the effect of treatment with vitamin K2
on vascular calcification in hemodialysis patients ( Trevasc- 
HDK ) . Kidney Int Rep 2023; 8 :1741–51. https://doi.org/10.1016/ 
j.ekir.2023.06.011 

6. Holden RM, Booth SL, Zimmerman D et al. Inhibit pro-
gression of coronary artery calcification with vitamin K 

in hemodialysis patients ( the iPACK-HD study ) : a random- 
ized, placebo-controlled multi-center, pilot trial. Nephrol 
Dial Transplant 2023; 38 :746–56. https://doi.org/10.1093/ndt/ 
gfac191 

7. Levy-Schousboe K, Frimodt-Møller M, Hansen D et al. Vita- 
min K supplementation and arterial calcification in dialysis: 
results of the double-blind, randomized, placebo-controlled 
RenaKvit trial. Clin Kidney J 2021; 14 :2114–23. https://doi.org/ 
10.1093/ckj/sfab017 

8. Naiyarakseree N, Phannajit J, Naiyarakseree W et al. Ef- 
fect of Menaquinone-7 supplementation on arterial stiff- 
ness in chronic hemodialysis patients: a multicenter ran- 
domized controlled trial. Nutrients 2023; 15 :2422. https://doi. 
org/10.3390/nu15112422 

9. Ochiai M, Nakashima A, Takasugi N et al. Vitamin K 2 alters
bone metabolism markers in hemodialysis patients with 
a low serum parathyroid hormone level. Nephron Clin Pract 
2011; 117 :c15–9. https://doi.org/10.1159/000319642 

0. Oikonomaki T, Papasotiriou M, Ntrinias T et al. The ef-
fect of vitamin K2 supplementation on vascular calcifica- 
tion in haemodialysis patients: a 1-year follow-up random- 
ized trial. Int Urol Nephrol 2019; 51 :2037–44. https://doi.org/10. 
1007/s11255- 019- 02275- 2 

1. Saritas T, Reinartz S, Krüger T et al. Vitamin K1 and pro-
gression of cardiovascular calcifications in hemodialysis 

eceived: 11.6.2023; Editorial decision: 29.9.2023 
The Author ( s ) 2023. Published by Oxford University Press on behalf of the ERA.
ommons Attribution-NonCommercial License ( https://creativecommons.org/l
nd reproduction in any medium, provided the original work is properly cited. F
patients: the VitaVasK randomized controlled trial. Clin Kid-
ney J 2022; 15 :2300–11. https://doi.org/10.1093/ckj/sfac184 

2. Westenfeld R, Krueger T, Schlieper G et al. Effect of vitamin
K2 supplementation on functional vitamin K deficiency 
in hemodialysis patients: a randomized trial. Am J Kidney
Dis 2012; 59 :186–95. https://doi.org/10.1053/j.ajkd.2011.10. 
041 

3. Smith ER, Hewitson TD, Holt SG. Diagnostic tests for vascu-
lar calcification. Adv Chronic Kidney Dis 2019; 26 :445–63. https:
//doi.org/10.1053/j.ackd.2019.07.001 

4. Xu C, Smith ER, Tiong MK et al. Interventions to at-
tenuate vascular calcification progression in chronic kid- 
ney disease: a systematic review of clinical trials. J Am
Soc Nephrol 2022; 33 :1011–32. https://doi.org/10.1681/ASN. 
2021101327 

5. Kurnatowska I, Grzelak P, Masajtis-Zagajewska A et al. Ef-
fect of vitamin K2 on progression of atherosclerosis and
vascular calcification in nondialyzed patients with chronic 
kidney disease stages 3-5. Pol Arch Med Wewn 2015; 125 :
631–40. https://doi.org/10.20452/pamw.3041 

6. Witham MD, Lees JS, White M et al. Vitamin K supplemen-
tation to improve vascular stiffness in CKD: the K4Kidneys
randomized controlled trial. J Am Soc Nephrol 2020; 31 :2434–
45. https://doi.org/10.1681/ASN.2020020225 

7. Lees JS, Rankin AJ, Gillis KA et al. The ViKTORIES trial: a
randomized, double-blind, placebo-controlled trial of vita- 
min K supplementation to improve vascular health in kid-
ney transplant recipients. Am J Transplant 2021; 21 :3356–68.
https://doi.org/10.1111/ajt.16566 

8. Eelderink C, Kremer D, Riphagen IJ et al. Effect of vitamin
K supplementation on serum calcification propensity and 
arterial stiffness in vitamin K-deficient kidney transplant 
recipients: a double-blind, randomized, placebo-controlled 
clinical trial. Am J Transplant 2023; 23 :520–30. https://doi.org/
10.1016/j.ajt.2022.12.015 

9. Li Y, Xie Z, Xu D. Inhibition of maintenance hemodialysis
related vascular calcification by vitamin K in chronic kidney
disease. Int J Clin Exp Med 2017; 10 :15309–15. 
 This is an Open Access article distributed under the terms of the Creative 
icenses/by-nc/4.0/ ) , which permits non-commercial re-use, distribution, 
or commercial re-use, please contact journals.permissions@oup.com 

https://doi.org/10.1681/asn.2019060579
https://doi.org/10.1016/j.ekir.2023.06.011
https://doi.org/10.1093/ndt/gfac191
https://doi.org/10.1093/ckj/sfab017
https://doi.org/10.3390/nu15112422
https://doi.org/10.1159/000319642
https://doi.org/10.1007/s11255-019-02275-2
https://doi.org/10.1093/ckj/sfac184
https://doi.org/10.1053/j.ajkd.2011.10.041
https://doi.org/10.1053/j.ackd.2019.07.001
https://doi.org/10.1681/ASN.2021101327
https://doi.org/10.20452/pamw.3041
https://doi.org/10.1681/ASN.2020020225
https://doi.org/10.1111/ajt.16566
https://doi.org/10.1016/j.ajt.2022.12.015
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	INTRODUCTION
	Vitamin K metabolism in chronic kidney disease
	Biomarkers and vitamin K status
	Causes of vitamin K deficiency
	Consequences of vitamin K deficiency
	Role of vitamin K supplementation in cardiovascular and bone health
	MATERIALS AND METHODS
	Protocol and registration
	Search strategy
	Study inclusion criteria and data extraction
	Risk of bias assessment
	Data synthesis and statistical analysis
	RESULTS
	Description of the included studies
	Effect of vitamin K on mortality
	Effect of vitamin K on calcification biomarkers
	Effect of vitamin K on calcification score
	Effect of vitamin K on pulse wave velocity
	Effect of vitamin K on CKD-MBD parameters
	Safety of vitamin K
	Sensitivity analysis
	Heterogeneity
	Risk-of-bias assessment
	DISCUSSION
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

