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Abstract 

Background/objectives: Chronic kidney disease (CKD) affects up to 15% of the global population 

and is driven by vascular and interstitial damage, most prevalent in persons with hypertension and 

diabetes. Vitamin K, a necessary cofactor for activation of vitamin K-dependent proteins may 

modulate these processes. It is well established that vitamin K deficiency associates with CKD, but 

the therapeutic effects of supplementation on kidney function are still uncertain. We aimed to review 

the current evidence on the effect of vitamin K deficiency and supplementation on any marker of 

renal function and kidney disease, across general adult populations and CKD patient populations. 

Methods: A search was conducted in PubMed, targeting terms related to vitamin K status and CKD. 

Studies were included if they reported data on vitamin K status or supplementation in relation to 

kidney function outcomes. Results: A total of 16 studies were included. Nine interventional studies 

were included and confirmed that vitamin K supplementation improves biomarkers of vitamin K 

status but showed no consistent beneficial effects on renal function. Seven observational studies 

across populations found significant associations between vitamin K status and decline in kidney 

function, however, associations often attenuated after adjustments. Conclusion: No clear effect of 

supplementation was observed on the reported kidney markers in patient populations. A clear 

association between low vitamin K status and impaired kidney function was confirmed. Study 

heterogeneity makes comparability and generalisability of the results difficult. Our review highlights 

the need for more cohort studies and clinical trials in general or patient populations. 

Keywords: Vitamin K; Chronic kidney disease; Supplementation 

 

1. Introduction 

Chronic kidney disease (CKD) is estimated to have a global prevalence of up to 15%, making it 

a major public health burden[1]. CKD is a collective term for several diseases causing progressive 

decline of glomerular filtration rate (GFR). There are multiple risk factors for developing CKD, with 

the most prevalent being vascular and interstitial damage, particularly caused by diabetes and 

hypertension[2].  

Research has already established a high prevalence of vitamin K deficiency in CKD patients. 

This is believed to be partly due to dietary restrictions, medication-induced, and possibly an impaired 

vitamin K recycling in CKD patients[3,4] 

Some of the early vascular changes in hypertension leading to damage in the kidneys are 

thickening of tunica media and reduced luminal diameter causing increased vascular resistance. The 

vascular modelling is particularly present in the small resistance arteries, such as the proximal 
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arteries of the kidneys[5]. The increased resistance results in shear stress on the endothelium 

promoting endothelial dysfunction and upregulation of pro-inflammatory cytokines leading to 

activation of several transcription factors, including nuclear factor kappa beta (NF-kB) and bone 

morphogenic protein 2 (BMP2). This initiates a phenotype switching in the vascular smooth muscle 

cells (VSMC) from a contractile to a pro-inflammatory and osteogenic phenotype. The differentiation 

of VSMCs increases calcification and along with increased vascular shear stress mediate kidney 

damage [6,7].  

Diabetes is another prominent risk factor for CKD. Approximately 40% of individuals with type 

2 diabetes (T2D) and 30% with type 1 diabetes (T1D) develop diabetic kidney disease [8]. T2D is a 

chronic metabolic condition characterized by insulin resistance and hyperglycaemia, and T1D is an 

autoimmune disease attacking the insulin producing beta cells of the pancreas [9,10]. The 

pathophysiology behind diabetic nephropathy includes renal structure changes leading to 

glomerular hyperfiltration, albuminuria and decline in GFR. In addition to these structural changes, 

metabolic alterations result in glomerular hypertrophy, inflammation of the renal interstitium, and 

fibrosis[8]. 

Vitamin K is a group of fat-soluble molecules with phylloquinone (vitamin K1) particularly 

present in green leafy vegetables and the menaquinones (MKs), also referred to as vitamin K2, present 

in fermented foods and animal-based products including dairy products[11]. Vitamin K2 consists of 

subtypes MK4-MK13 and both vitamin K1 and vitamin K2 exert their effect through gamma 

glutamate carboxylase, activating vitamin K dependent proteins (VKDP). There is no generally 

accepted standard for how to measure vitamin K status. However, measurement of blood levels of 

the inactive (uncarboxylated) VKDPs, dephospho-uncarboxylated matrix Gla protein (dp-ucMGP) 

and Protein Induced by Vitamin K Absence (PIVKA), are thought to provide a better measure of 

vitamin K status compared to direct measurement of circulating vitamin K vitamers, which have a 

short half-life in blood. Several studies have found a strong decreasing effect of vitamin K 

supplementation on dp-ucMGP levels in a dose dependent manner, as a reflection of improved 

vitamin K status [12,13].   

In particular, the two VKDPs, MGP and growth arrest-specific gene 6 (GAS-6) are believed to 

play a role in the pathogenesis of CKD. GAS-6 is expressed in the endothelium, VSMC and bone 

marrow. It has a wide range of effects on haemostasis and inflammation, suppressing the pro-

inflammatory cytokine NF-kB[14]. MGP is expressed by VSMC and chondrocytes[6]. It is a potent 

inhibitor of vascular calcification by binding BMP-2 thus protecting against VSMC differentiation. 

Furthermore, MGP’s chemical structure binds calcium crystals preventing calcium depositing in the 

vascular tissue[9]. 

Studies have found associations between low vitamin K status and CKD, as plasma dp-ucMGP 

levels have been found to increase with the stage of the disease[15]. This is believed to be both due to 

decreased vitamin K intake due to a potassium-restrictive diet, adverse effects of medications, and 

disease-related impaired vitamin K metabolism[16]. As CKD patients are also at markedly increased 

risk of arterial calcification, there is an interest in investigating vitamin K supplementation as a 

therapeutic intervention in CKD patients[17]. One scoping review highlighted the potential of 

vitamin K as a therapeutic target in CKD, though optimal dosing remains unclear[18]. 

Supplementation in haemodialysis patients reduced dp-ucMGP levels and slowed vascular 

calcification progression, especially in those with existing calcifications[19]. However, a review from 

2021 concluded that there is no strong evidence that vitamin K supplementation slows progression 

of calcification in CKD patients, but that the supplementation is safe and improves serum 

markers[17]. 

Vitamin K also shows potential as a nephroprotective measure by regulating the tissue 

damaging pathogeneses. Few studies have investigated the effect of vitamin K on glycaemic status, 

inflammation, and insulin resistance. A study from 2018 found that supplementation with vitamin 

K1 reduced the activation of the NF-kB pathway and secretion of pro-inflammatory cytokines. 

Furthermore, they found that, within a patient population with T2D, there was a strong association 
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between low levels of vitamin K1 and increased insulin resistance. Vitamin K1 supplementation was 

found to reduce insulin resistance and enhance glycaemic status in both mice and patients with T2D, 

supporting the potentially preventive properties of vitamin K in subjects with T2D[20]. A review 

from 2016 found that supplementation with vitamin K1 reduced the expression of the pro-

inflammatory cytokine IL-6, contributing to the potential anti-inflammatory properties of vitamin 

K[21].  

A recent cross-sectional general population study in adults found that increasing levels of 

plasma dp-ucMGP were linked to central obesity, diabetes, hyperlipidaemia, and reduced kidney 

function[22]. Thus, one doubling of dp-ucMGP was associated with ten times (OR 9.83, 95% CI 5.49–

17.59) increased risk of reduced kidney function. Interestingly, within the subgroup of hypertensive 

participants the association between lower vitamin K status and increased risk of reduced kidney 

function was even higher[22]. In conclusion, these studies suggest a potential role of vitamin K in 

kidney disease. However, the exact mechanisms and clinical importance of vitamin K in kidney 

disease are still not clear. While CKD and impaired kidney function seems to be associated with 

vitamin K deficiency, less is known about whether vitamin K deficiency is associated with 

progression of CKD and whether improvement of vitamin K status, e.g. by supplementation, can 

prevent or change the course of CKD.   

We aimed to perform a scoping review investigating the current evidence on the effect of vitamin 

K deficiency and supplementation on renal function across general adult populations and CKD 

patient populations. 

The introduction should briefly place the study in a broad context and highlight why it is 

important. It should define the purpose of the work and its significance. The current state of the 

research field should be carefully reviewed and key publications cited. Please highlight controversial 

and diverging hypotheses when necessary. Finally, briefly mention the main aim of the work and 

highlight the principal conclusions. As far as possible, please keep the introduction comprehensible 

to scientists outside your particular field of research. References should be numbered in order of 

appearance and indicated by a numeral or numerals in square brackets—e.g., [1] or [2,3], or [4–6]. See 

the end of the document for further details on references. 

2. Materials and Methods 

This scoping review was conducted in agreement with Joanna Briggs Institute’s methodology 

using the PRISMA extension for scoping reviews (PRISMA-ScR)[23]. A protocol including an initial 

limited search was conducted prior to the final literature search. The final search strategy was based 

on biomarkers and terms relating to CKD and renal function in one mesh term category and 

biomarkers and terms relating to vitamin K in the second (Appendix, Table A1 and Table A2). 

We utilised PubMed database to identify studies that investigated the effect of vitamin K 

supplementation or vitamin K deficiency on markers of kidney function, progression of kidney 

disease or kidney transplantation. We included studies on general adult populations, with normal 

kidney function, and CKD patient population, with or without other known diseases. The search 

included cohort studies or clinical trials, published in English regardless of date of publication or 

geographical location.  

All identified articles/citations were uploaded into Covidence, and duplicates were 

removed[24]. Titles and abstracts were independently screened by two reviewers, M.K. Torbensen 

and V.T. Wegge, and selected articles were full text screened. Disagreements were resolved through 

discussion. Final articles for inclusion were additionally examined by an experienced third reviewer, 

J.A. Lauridsen (Figure B1). We used and modified a Covidence data extraction tool. The extracted 

data included information on participants, study design and key findings relevant to this scoping 

review’s objective. 

The reference list of all included sources of evidence was screened for potential additional 

studies by screening cross-references. 
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3. Results 

Our literature search identified 2,126 studies from the PubMed database of which three were 

duplicates. Through title and abstract screening, 2,064 articles were deemed irrelevant to the present 

review, leaving 59 articles for full text screening. Following full text screening, a total of 39 articles 

were excluded, 13 due to non-relevant outcomes, three studies due to wrong interventions, 23 due to 

non-relevant study designs. We cross-referenced the 59 articles and found one article not yet included 

in our search. The third reviewer screened the final 20 articles which led to exclusion of five articles 

due to non-relevant study design. Thus 15 articles were included from the literature search and one 

from cross referencing, leaving 16 articles for final extraction (Figure B1). The 16 articles consisted of 

nine clinical trials (Table C1) and seven cohort studies (Table C2). The clinical trials consisted of eight 

randomized controlled trials (RCTs) and one non-controlled trial in patients. Three studies were 

conducted in populations of kidney transplant recipients (KTR), three in patients with varying degree 

of chronic kidney disease (CKD 3-5), and three in haemodialysis (HD) patients. The cohorts consisted 

of three studies in adult general populations, and four in patient populations (KTR (two studies), T1D 

(one study) and CKD patients (one study)). Nine of the 16 included studies had one or more primary 

outcomes relating to kidney function (transplant failure (two studies), decline in kidney function, 

incident CKD or progression of CKD (five studies)). 13 studies had dp-ucMGP, ucMGP or MGP 

levels, as measurements for vitamin K status. Four studies had uncarboxylated osteocalcin (ucOC) 

and/or ucOC/OC ratio as marker, one study had phylloquinone levels as a marker and finally two 

studies had no measurement for vitamin K status. Two studies had a primary outcome relating to 

association of dp-ucMGP levels and kidney function (one study) or dp-ucMGP levels and dietary 

intake of vitamin K1 and vitamin K2 (one study). The remaining studies included secondary 

outcomes relating to kidney function. 

3.1. Experimental Studies 

3.1.1. Chronic Kidney Disease 

Three RCTs in CKD patients investigated effects of vitamin K supplementation on the 

progression of kidney disease. Witham et al. performed a RCT that found no treatment effect on the 

estimated glomerular filtration rate (eGFR) or urine albumin-creatinine ratio (UACR) after 400 

µg/day MK-7 supplementation for 12 months in 159 adult patients with CKD (n=80 intervention, n=79 

placebo)[25]. In two separate RCTs, Kurnatowska et al. found that dp-ucMGP levels declined 

significantly following supplementation with 90 µg/day MK-7 + 10 µg vitamin D for 270±12 days 

compared to the control group receiving only vitamin D supplementation. They included 42 stage 3-

5 patients in 2015 (n=29 intervention, n=13 placebo) and 38 stage 4-5 patients in 2016 (n=26 

intervention, n=12 placebo). The trial from 2015 found a significant between-groups difference in 

eGFR after intervention, with decline in eGFR in the intervention group, though this group had a 

lower eGFR at baseline when compared to the placebo group, they did not adjust for the baseline 

difference. They also found a significant rise in creatinine in the intervention group which was 

borderline significant in the between-groups difference. The trial in 2016 showed a strong inverse 

association between eGFR and dp-ucMGP levels, and found correlations between dp-ucMGP levels, 

creatinine, and proteinuria, but no significant between-group change in eGFR between the 

supplementation and placebo groups [26,27] 

3.1.2. Kidney Transplant Recipients 

Lees et al. performed a RCT examining the effect of 5 mg menadiol diphosphate (vitamin K 

analogue) thrice weekly for 12 months on the kidney outcomes proteinuria, eGFR and urine protein 

creatinine ratio in 90 KTR (n=45 intervention, n=45 placebo). They observed no treatment effect on 

eGFR or proteinuria [28]. Eelderink et al. also reported no significant change in kidney function 

(eGFR or creatinine clearance) in their RCT following 360 µg/day MK-7 treatment for 12 weeks in 40 
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patients (n=20 intervention n=20 placebo)[29]. Mansour et al. performed a non-controlled clinical trial 

supplementing 60 KTR patients (no control group) with 360 µg/day MK-7 for 8 weeks. They found a 

small, but statistically significant increase in serum creatinine, indicating a decline in kidney function, 

although no adjustments were made for this outcome[30]. 

3.1.3. Haemodialysis Patients 

Three RCTs in HD populations assessed serum creatinine after different supplementation 

strategies. Naiyarakseree et al. performed an intervention with supplementation of 375 µg/day MK-

7 for 24 weeks in 96 patients (50 intervention, n=46 control group), Oikonomaki et al. supplemented 

200 µg/day MK-7 for 12 months in 102 patients (n=58 intervention, n=44 control group) and Macias-

Cervantes supplemented 10 mg intravenous vitamin K1 thrice weekly for 12 months in 60 patients 

(n=30 intervention, n=30 placebo). All three studies had creatinine as the only marker of kidney 

function, and none of the studies showed a significant between-groups difference following 

intervention[31–33]. 

3.2. Cohort Studies 

3.2.1. General Adult Populations 

Three cohort studies in the general adult population examined associations between vitamin K 

status and kidney function. Groothof et al. assessed a cohort of 3,969 adults with a mean follow-up 

period of 7.1 years. In the crude analyses, Groothof et al. found strong associations between high dp-

ucMGP levels at baseline and incident CKD and microalbuminuria, but these associations 

disappeared when adjusting for baseline eGFR[34]. O’Seaghdha et al. assessed 1,442 adults with a 

mean follow-up of 7.8 years. They found a higher risk of CKD and microalbuminuria with higher 

vitamin K1 levels (four quartiles of phylloquinone levels) at follow-up. These associations remained 

significant after multivariable adjustment including eGFR[35]. Wei et al. assessed 1,009 adults with a 

median follow-up 8.9 years. They identified an inverse association between dp-ucMGP levels and 

eGFR, with high baseline dp-ucMGP levels (indicating low vitamin K status) predicting eGFR 

decline, though adjustment for baseline eGFR was not specified[36].  

3.2.2. Cohort Studies in Kidney Transplant Recipient 

Two cohort studies examined kidney transplant recipients. Van Ballegoijen et al. assessed 461 

KTR with stable kidney function with a median follow-up period of 9.8 years. They found that 

elevated dp-ucMGP levels (dp-ucMGP >1057 pmol/L) in combination with both low and high vitamin 

D levels was associated with higher hazard ratios for death censored graft failure (defined as return 

to dialysis therapy or re-transplantation), compared to the group with lower dp-ucMGP levels (dp-

ucMGP <1057 pmol/L) both in crude and when adjusting for age, sex, any cyclic variation, current 

smoking status, body mass index, triglycerides, average blood glucose levels, systolic blood pressure, 

year of transplantation, dialysis duration and eGFR[37]. Keyzer et al. assessed 518 KTR for a mean 

period of 9.8 years.  They reported an association between higher quartiles of dp-ucMGP and 

transplant failure (defined by return to dialysis therapy or re-transplantation), though the association 

reduced with adjustment models and finally became non-significant after adjusting for baseline 

eGFR[38]. 

3.2.3. Cohort Study in Type 1 Diabetes Patients 

In a cohort of 638 patients with T1D followed for 5-7 years, Nielsen et al. found that higher 

quartiles of dp-ucMGP (low vitamin K status) were associated with markedly increased risk of 

incident end stage kidney disease (ESKD). This association remained in crude and partially adjusted 

models but was lost after adjusting for baseline eGFR, albuminuria and T1D-duration[39].  
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3.2.4. Cohort Study in Chronic Kidney Disease Cohort 

Roumeliotis et al. followed 66 type 2 diabetic CKD patients for 7 years, reporting positive 

correlation between dp-ucMGP levels and proteinuria. They found an inverse correlation between 

dp-ucMGP levels and both baseline and follow-up eGFR. Higher dp-ucMGP levels (≥656 pmol/L) 

were associated with 4.02 times higher longitudinal risk of a ≥30% reduction in eGFR or progression 

to ESKD in a multivariate model adjusted for T2D-duration, serum albumin and proteinuria[40]. 

4. Discussion 

Vitamin K supplementation in eight RCTs and one non-controlled trial consistently reduced dp-

ucMGP levels in CKD patients, KTR, and HD patients, but no beneficial changes in eGFR, creatinine, 

or proteinuria were observed. Two studies showed a significant decline in kidney function after 

intervention. In the general adult populations, three cohort studies reported associations between 

low vitamin K status, measured as high dp-ucMGP levels, and indicators of impaired kidney function 

in terms of reduced eGFR, increased risk of incident CKD and microalbuminuria. While some of these 

associations attenuated after adjusting for baseline kidney function, others remained significant even 

after multivariable adjustment[35–37]. In kidney transplant recipients, one study reported a 

significant association between high dp-ucMGP levels (low vitamin K status) and graft failure after 

full adjustment, while others found no difference or attenuated effects after adjustment. Among 

patients with T1D or CKD, higher dp-ucMGP levels were associated with increased risk of ESKD and 

eGFR decline. The associations attenuated in the T1D group after adjustments and whilst the CKD 

group’s association remained significant, they reported a very limited adjustment model.  

The nine experimental studies differed with regards to type, administration, dose, and duration 

of vitamin K supplementation. Across the studies they used vitamin K1, MK-7 or menadiol 

diphosphate either as oral tablets or intravenous administration. The dosages varied from 90µg to 

400µg daily with a duration of intervention ranging from 8 weeks to 12 months. The heterogeneity 

of the studies limits the comparability and generalizability of the results. Only one of the studies were 

designed to investigate progression of CKD and progression of kidney function as a primary 

outcome, though with the lowest dose of supplementation. CKD often is a slowly progressing 

disease[41], making investigation of healthy subjects or patients in early stages of CKD difficult in 

clinical trials. This makes cohort studies in a general population more feasible for this research 

question. Another possibility for examining the potential preventive effects of vitamin K 

supplementation on CKD would be to include patients with diabetes or hypertension, as the 

incidence of CKD is higher within these groups. An experimental study in rats from 2015 showed a 

nephroprotective effect of vitamin K1 supplementation after streptozotocin-induced destruction of 

the beta cells in pancreas. Supplementation had significant beneficial effects on insulin levels, blood 

glucose, creatinine, albumin-creatinine ratio, urea and uric acid. It also showed a neutralization effect 

on histopathological change, and immunohistochemical changes in the kidneys of the vitamin K 

supplemented rats. The pro-inflammatory NF-kB was expressed widely in the streptozotocin 

induced rats and completely absent in the supplemented rats[42]. These results could point towards 

vitamin K being a protective factor against the adverse effects of diabetes on kidney function. 

Of the eight included RCTs and one non-controlled clinical trial, six out of nine studies employed 

plasma dp-ucMGP as a marker of vitamin K status. These six studies all demonstrated significant 

lowering of dp-ucMGP levels in the intervention groups, demonstrating biological effect. However, 

no studies reported any significant or tendencies of improvements in renal endpoints such as eGFR, 

proteinuria, or creatinine, and two studies found significant increase in creatinine after intervention, 

indicating worsening of kidney function. This could suggest that supplementation of vitamin K does 

not prevent progression of kidney disease. Two studies even indicated a decrease in kidney function, 

but both studies had limitations, one did not include a control group and the other appeared to have 

marked differences in baseline characteristics between the intervention and control group. Arguably, 

it also points to gaps in the literature and the need for more studies. E.g., the dose and duration 
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employed in the studies may have been insufficient to influence renal outcomes beneficially. The 

results could also mean that the beneficial effects of vitamin K supplementation are limited in these 

patient populations due to their pre-existing kidney disease and impaired vitamin K function. Several 

factors likely play a role in development of functional vitamin K deficiency. A study by Kaesler et al. 

have found that the pharmacokinetics of vitamin K (K1, MK-4 and MK-7) are altered in patients with 

uraemia, a complication to CKD. In their prospective clinical trial, they observed changes in high 

density lipoprotein (cholesterol) particles in patients with uraemia causing reduced uptake of MK-7, 

impairment of the vascular protective function and potentially contributing to calcification of the 

arteries. Furthermore, in the same study, clinical trials in CKD rats showed altered vitamin K 

recycling, an essential part of the vitamin K cycle[16]. These findings could indicate that CKD patients 

may not benefit from vitamin K supplementation due to decreased bioavailability and reuse of 

vitamin K. Whether these barriers may be overcome by increasing the dose of vitamin K in 

interventional studies is not known.  

The general adult populations studies reported associations between low vitamin K status and 

several kidney disease outcomes, however, in several of the studies, these associations became non-

significant after adjustment for baseline eGFR. The fact that most studies lost significance after 

adjusting for baseline eGFR could either point to the baseline kidney function driving the effect of 

vitamin K on the progression of kidney disease or potentially mediating the effect. In case of the 

latter, adjusting increases the risk of missing a potential therapeutic effect of vitamin K 

supplementation. In general, the studies were not consistent in their approach when accounting for 

potential confounders. This could point to the interplay between vitamin K and kidney function 

being complex and further analyses are required to uncover the effects. 

5. Conclusions 

In this scoping review we investigated the role of vitamin K in the decline in kidney function 

and progression of CKD. While observational studies provided evidence of a temporal association of 

low vitamin K status and decrease in kidney function, interventional studies did not suggest that 

vitamin K supplementation could prevent decline in kidney function markers. The populations and 

study settings in the interventional studies differed on several parameters including sample size and 

type, administration, dose and duration of vitamin K supplementation. Study heterogeneity makes 

comparability and generalisability of the results difficult. Our results indicate the interplay between 

vitamin K and kidney function is complex and in need of further studies to uncover whether vitamin 

K supplementation could prevent decline of kidney function in patients or even prevent development 

of CKD in high-risk groups. Both observational and interventional studies in larger patient groups 

with renal endpoints are needed to clarify the preventive and therapeutic potential of vitamin K 

supplementation  
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Abbreviations 

The following abbreviations are used in this manuscript: 

CKD Chronic kidney disease  

GFR Glomerular filtration rate 

NF-kB Nuclear factor kappa beta  

BMP2 Bone morphogenic protein 2 

VSMC Vascular smooth muscle cell 

T2D Type 2 diabetes  

T1D Type 1 diabetes 

MKs Menaquinones 

VKDP Vitamin K dependent protein 

Dp-ucMGP Dephospho-uncarboxylated matrix Gla protein 

PIVKA Protein induced by vitamin k absence 

GAS-6 Growth arrest specific protein 6 

OR Odds ratio 

CI Confidence interval  

RCT Randomized controlled trial 

KTR Kidney transplant recipients 

HD Haemodialysis 

Uc-OC Uncarboxylated osteocalcin 

OC Osteocalcin 

eGFR Estimated glomerular filtration rate 

UACR Urine albumin creatinine ratio 

ESKD End stage kidney disease 
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Appendix A. Search Strategy 

Table A1. Search terms related to chronic kidney disease and related biomarkers. 

MeSH 

terms 

Kidney failure, 

chronic 

Renal 

insufficiency, 

chronic 

Renal 

insufficiency 

Glomerulosclerosis 

focal segmental  

Glomerular 

filtration rate 

Estimated 

glomerular 

filtration rate 

eGFR Proteinuria Albuminuria 

Renal 

Dialysis 

 

Dialysis 

 

Entry 

terms 

Renal failure, 

chronic 

Chronic renal 

insufficiencies 

Renal 

insufficiencie

s 

Segmental 

glomerulosclerosis 

focal 

Filtration 

rate, 

glomerular 

   Proteinurias Albuminurias 
Dialyses, 

renal 
Dialyses 

  
Chronic renal 

Failure 

Renal 

insufficiencies, 

chronic 

Kidney 

insufficiency 

Glomerulo-nephritis, 

focal sclerosing 

Filtration 

rates, 

Glomerular 

     Renal 

dialyses 
 

  
End-stage 

kidney disease 

Chronic kidney 

insufficiency 

Insufficiency, 

kidney 

Focal sclerosing 

glomerulo-

nephritides 

Glomerular 

filtration 

rates 

     Dialysis, 

renal 
 

  
Disease, end-

stage kidney 

Chronic kidney 

insufficiencies 

Kidney 

insufficiencie

s 

Focal sclerosing 

glomerulonephritis 

Rate, 

glomerular 

filtration 

     Hemodia

lysis 
 

  
End stage 

kidney Disease 

Kidney 

insufficiencies 

chronic 

Kidney 

failure 

Glomerulo-

nephritides, focal 

sclerosing 

Rates, 

glomerular 

filtration 

     Hemodia

lyses 
 

  
Kidney disease, 

end-Stage 

Chronic renal 

insufficiency 

Failure, 

kidney 

Sclerosing glomerulo-

nephritides, focal 
      

Dialysis, 

extracorp

oreal 

 

  ESRD 

Kidney 

insufficiency, 

chronic 

Failures, 

kidney 

Sclerosing 

glomerulonephritis 

focal 

      
Dialyses, 

extracorp

oreal 

 

  
End-stage renal 

disease 

Chronic kidney 

diseases 

Kidney 

failures 

Glomerulosclerosis 

focal 
      

Extracor

poreal 

dialyses 

 

  
Disease, end-

stage renal 

Chronic kidney 

disease 
Renal failure 

Focal 

glomerulosclerosis 
      

Extracor

poreal 

dialysis 

 

  
End stage renal 

disease 

Disease, 

chronic kidney 
Failure, renal 

Focal segmental 

glomerulosclerosis 
        

  
Renal disease, 

end-stage 

Diseases, 

chronic kidney 

Failures, 

renal 

Hyalinosis, 

segmental glomerular 
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Renal disease, 

end stage 

Kidney disease, 

chronic 
Renal failures 

Glomerular 

hyalinosis, segmental 
        

  
Renal failure, 

end-stage 

Kidney 

diseases, 

chronic 

 Hyalinosis, 

segmental 
        

  
End-stage renal 

failure 

Chronic renal 

diseases 
 Segmental hyalinosis         

  
Renal failure, 

end stage 

Chronic renal 

disease 
 Segmental 

glomerular hyalinosis 
        

  
Chronic kidney 

failure 

Disease, 

chronic renal 
          

   Diseases, 

chronic renal 
          

   Renal disease, 

chronic 
          

   Renal diseases, 

chronic 
          

Abbreviations: eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MeSH, Medical Subject Headings;  

Table A2. Search terms related to vitamin K and biomarkers of vitamin K status. 

MeSH 

terms 
Carboxyprothrombin Vitamin K1  

Vitamin 

K2 
Menaquinone 7 Matrix Gla Protein Dp-ucMGP ucMGP Osteocalcin Vitamin K 

Entry 

terms 
Decarboxyprothrombin 

Phyto-

nadione 

Mena-

quinone 
Menaquinone K7 Gla protein, matrix 

Desphospho-

uncarboxylated 

matrix GLA protein, 

human 

 4-Carboxyglutamic 

protein, bone 
 

 Des(gamma-

carboxy)prothrombin 

Phyllo-

quinone 

Vitamin 

K 

quinone 

Vitamin MK 7 

Matrix gamma-

carboxyglu-tamic acid 

protein 

Dephosphory-lated 

uncarboxylated 

matrix Gla protein 

 4 Carboxyglutamic 

protein, bone 
 

 Des-gamma-carboxy 

prothrombin 

Phyto-

menadione 

Vitamin 

K2 
Menaquinone-7    Bone 4-carboxy- 

glutamic protein 
 

 Descarboxylated 

prothrombin 
Vitamin K1 

Mena-

quinones 
Vitamin K2(35)    Protein, bone 4-

carboxyglutamic 
 

 Descarboxyprothrombin Konakion  

1,4-naphthalenedione, 

2-(3,7,11,15,19,23,27-

heptamethyl-

2,6,10,14,18,22,26-

   
Bone gamma-

carboxyglutamic acid 

protein 
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octacosaheptaenyl)-3-

methyl-, (all-E)- 

 Non-carboxylated factor II 
Phyllohydr

o-quinone 
     

Bone gamma 

carboxyglutamic acid 

protein 

 

 PIVKA II 
Aqua-

mephyton 
     Bone Gla protein  

 PIVKA-II       Protein, bone Gla  

 protein induced by vitamin 

K absence or antagonist-II 
      

Calcium-binding 

protein, vitamin K-

dependent 

 

 Des-gamma-

carboxyprothrombin 
      

Calcium binding 

protein, vitamin K 

dependent 

 

 DCP (prothrombin)       Gla protein, bone  

 Acarboxy prothrombin       Vitamin K-dependent 

bone protein 
 

 protein induced by vitamin 

K absence or antagonists  
      Vitamin K dependent 

bone protein 
 

 PIVKA         
 Prothrombin precursor         
 Isoprothrombin         

Abbreviations: DCP, Des-gamma-carboxy prothrombin; dp-ucMGP, dephospho-uncarboxylated matrix Gla protein; uc-MGP, uncarboxylated matrix Gla protein; PIVKA, protein induced by 

vitamin K absence or antagonist;  
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Appendix B 

 

Figure B1. PRISMA flowchart of included/excluded studies. 
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Appendix C. Extracted Data 

Table C1. Clinical trials. 

Author  Country Title 
Study 

design  

Population 

description 

Sam

ple 

size 

Intervention 
Kidney outcome 

(Primary/secondary) 

Vitamin K 

measurements/outcomes 

Lees et al. 

2021 

United 

Kingdom 

The ViKTORIES trial: A 

randomized, double-

blind, placebo-controlled 

trial of vitamin K 

supplementation to 

improve vascular health in 

kidney transplant 

recipients. 

RCT 

KTR with 

functioning kidney 

transplant for 1 year 

or more. 

90 

Vitamin K (menadiol 

diphosphate) 5 mg orally 

x3 weekly for 12 months 

+ Placebo (n=45 

intervention, n=45 

placebo). 

Secondary: No treatment 

effect on eGFR or urine 

protein-creatinine ratio 

between intervention group 

and placebo. 

Dp-ucMGP: Significant 

lowering in intervention 

group to placebo.  

Eelderink et 

al. 2023 

Netherla

nds 

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. 

RCT 

KTR with eGFR>20 

and vitamin K 

deficiency (plasma 

dp-ucMGP >500 

pmol/L). 

40 

Vitamin K2 (MK-7) 360 

μg/day for 12 weeks + 

placebo (n=20 

intervention, n=20 

placebo). 

Secondary: No treatment 

effect on eGFR. 

Dp-ucMGP, ucOC, 

ucOC/cOC ratio: all showed 

significant lower score in 

treatment group compared 

with placebo.  

Naiyarakser

ee et al. 2023 
Thailand 

Effect of Menaquinone-7 

Supplementation on 

Arterial Stiffness in 

Chronic Hemodialysis 

Patients: A Multicenter 

Randomized Controlled 

Trial. 

RCT 

Chronic HD 

patients with 

arterial stiffness 

(cfPWV ≥ 10 m/s). 

96 

Vitamin K2 (MK-7) 375 

µg/daily for 24 weeks, 

no placebo (n=50 

intervention, n=46 

control). 

No significant differences 

or changes in serum 

creatinine after 12 and 24 

weeks.  

No vitamin K measurements.  

Witham et 

al.  2020 

United 

Kingdom 

Vitamin K 

Supplementation to 

Improve Vascular 

Stiffness in CKD: The 

K4Kidneys Randomized 

Controlled Trial. 

RCT 

CKD patients stage 

3b or 4 (defined as 

an eGFR of >15 

ml/min and <45 

ml/min). 

159 

vitamin K2 (MK-7) 400 

µg tablet/day for 12 

months + placebo (n=80 

intervention, n=79 

placebo). 

eGFR, urinary protein-

creatinine ratio and serum 

creatinine: No significant 

differences in intervention 

group to placebo.  

Significantly lowered 

osteocalcin and log-

transformed dp-ucMGP 

between intervention and 

placebo. 
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Kurnatowsk

a et al. 2015  
Poland 

Effect of vitamin K2 on 

progression of 

atherosclerosis and 

vascular calcification in 

nondialyzed patients with 

chronic kidney disease 

stages 3-5. 

RCT 

CKD stage 3-5 with 

eGFR <60 for at 

least 6 months.  

42 

Vitamin K2 (MK-7) 90 

µg/day + 10 µg vitamin 

D for 270±12 days + 

placebo 10µg vitamin 

D/day (n=29 

intervention, n=13 

placebo). 

Significant rise in serum 

creatinine in intervention 

group. Significant group 

difference in eGFR after 

intervention (decline in 

eGFR in intervention 

group). 

Significant decrease in dp-

ucMGP in intervention 

group, but no significant 

difference to placebo. 

Significant decrease in 

osteocalcin in treatment 

group, significant increase in 

placebo group, but no 

significant difference 

between the groups. 

Borderline significant 

increase in MGP for 

treatment group, no 

significant difference to 

placebo. 

Oikonomaki 

et al. 2019 
Greece 

The effect of vitamin K2 

supplementation on 

vascular calcification in 

haemodialysis patients: a 

1-year follow-up 

randomized trial. 

RCT 
ESRD patients on 

haemodialysis. 
102 

Vitamin K2 (MK-7) 200 

µg/day for 12 months, no 

placebo (n=58 

intervention, n=44 

control). 

No significant change or 

difference in serum 

creatinine. 

Significant decrease 

in ucMGP in intervention 

group at 12 months follow-

up and significant difference 

to placebo group.    

Macias-

Cervantes et 

al. 2024  

Mexico 

Effect of vitamin K1 

supplementation on 

coronary calcifications in 

hemodialysis patients: a 

randomized controlled 

trial. 

RCT 

Chronic 

haemodialysis 

patients.  58.3% 

(n=35) with diabetic 

nephropathy being 

the primary 

etiology of chronic 

kidney disease. The 

median duration of 

haemodialysis was 

48 months (12–204). 

60 

Vitamin K1 10 mg IV x3 

weekly, after 

haemodialysis session, 

for 12 months, placebo 

(n=30 intervention, n=30 

placebo). 

Secondary: Serum 

creatinine: No significant 

changes between groups at 

follow-up. 

No vitamin K measurements.  

Kurnatowsk

a et al. 2016  
Poland 

Plasma Desphospho-

Uncarboxylated Matrix 

Gla Protein as a Marker of 

Kidney Damage and 

Cardiovascular Risk in 

RCT 

CKD patients stage 

4-5 with a coronary 

calcification score 

(CACS) of ≥10 

Agatston units. 

38 

Vitamin K2 (MK-7) 90 

µg/day + 10 µg vitamin 

D for 270±12 days. 

Placebo with vitamin D 

10 µg (n=26 intervention, 

n=12 placebo). 

Primary: Association 

between plasma dp-ucMGP 

and kidney function (serum 

creatinine, eGFR and 

proteinuria): No significant 

change in eGFR in either 

Dp-ucMGP: Significant 

decrease from baseline to 

follow-up in intervention 

group, compared to placebo?  

Osteocalcin: Significant 
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Advanced Stage of 

Chronic Kidney Disease. 

group after substitution. 

Strong inverse association 

between eGFR and dp-

ucMGP. Positive 

correlation between dp-

ucMGP, creatinine and 

proteinuria.  

difference between groups at 

follow-up.  

Mansour et 

al. 2017 
Lebanon 

Vitamin K2 

supplementation and 

arterial stiffness among 

renal transplant 

recipients-a single-arm, 

single-center clinical trial. 

Non-

Controlle

d clinical 

trial  

KTR patients with 

functional renal 

graft. 

60 

Vitamin K2 (MK-7) 360 

μg/day for 8 weeks, no 

control group (n=60 

intervention). 

Secondary: Serum 

creatinine: Borderline 

significant increase from 

baseline to follow-up.  

Dp-ucMGP: Significant 

decrease from baseline to 

follow-up.  

Table C1: Data table of included clinical studies.  

Abbreviations: CKD, chronic kidney disease; cOC, carboxylated osteocalcin; dp-ucMGP, dephospho-uncarboxylated Matrix Gla-Protein; eGFR, Estimated glomerular filtration rate; ESKD, 

end stage kidney disease; KTR, kidney transplant recipients; MGP, matrix Gla protein; MK-7, menaquinone 7; Q1-Q4, quartiles 1-4; RCT, randomized controlled trial; T1D, type 1 diabetes; 

T2D, Type 2 diabetes;  ucMGP, uncarboxylated matrix Gla protein; ucOC, uncarboxylated osteocalcin. 

Table C2. Clinical trials. 

Author Country Title 
Study 

design 

Aim of 

study/purpose 
Population description 

Sample 

size 

Follow up 

(years) 

Kidney Outcome 

(Primary/Secondary) 

Vitamin K 

measurements 

Van 

Ballegooije

n et al.  

2019 

Nether-

lands 

Joint association of 

vitamins D and K 

status with long-term 

outcomes in stable 

kidney transplant 

recipients. 

Cohort 

study 

The association 

of both 

vitamins D 

and K status, 

and vitamin D 

treatment with 

all-cause 

mortality and 

death-censored 

graft failure. 

Adult kidney transplant 

recipients. Stable kidney 

function, median 6.1 

years post 

transplantation, mean 

age of 52 years, 53% 

male. 

461 Median 9.8 

Primary: Associations of 

combined vitamin D and dp-

ucMGP levels with graft 

failure(return to dialysis 

therapy or re-

transplantation), showed 

significantly. Higher eGFR in 

the groups with low dp-

ucMGP levels.  

dp-ucMGP 

<1057pmol/L or ≧ 

1057pmol/L. 

Keyzer et 

al. 2015 

Nether-

lands 

Vitamin K status and 

mortality after 

kidney 

transplantation: a 

cohort study. 

Cohort 

study 

Investigating if 

Vitamin K 

defficiency 

increase risk of 

all cause 

mortality and 

Kidney transplant 

recipients with stable 

kidney function, 56% 

male, mean age 51 years, 

median of 6 years after 

kidney transplantation. 

518 Median 9.8 

Primary: Highest quartile 

showed significant increase 

in transplant failure in three 

adjustment models, 

association was lost after 

dp-ucMGP Quartiles 

Q1: <734pmol/L, Q2: 

734-1038 pmol/L, Q3: 

1039-1535 pmol/L and 

Q4: >1535 pmol/L. 
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transplant 

failure after 

kidney 

transplantation

. 

adjustment for baseline 

kidney function. 

Wei et al.  

2017 
Belgium 

Desphospho-

uncarboxylated 

matrix Gla protein is 

a novel circulating 

biomarker predicting 

deterioration of renal 

function in the 

general population. 

Cohort 

study 

Does dp-

ucMGP predict 

a decrease in 

eGFR. 

Flemish from the 

FLEMENGHO family-

based population study, 

present analysis covered 

period from 1996-2015, 

50.6% women, white 

europeans. 

1009 Median 8.9 

Primary: Association 

between eGFR and plasma 

dp-ucMGP. with significant 

decline in eGFR between low 

and high levels of dp-

ucMGP.  

dp-ucMGP low: mean 

2.42 µg/L (1.87–3.06) 

and high mean 5.08 

ug/L (4.22–6.30). 

Nielsen et 

al.  2025 

Den-

mark  

The associations 

between functional 

vitamin K status and 

all-cause mortality, 

cardiovascular 

disease and end-

stage kidney disease 

in persons with type 

1 diabetes 

Cohort 

study 

To assess the 

association of 

dp-ucMGP 

with mortality, 

cardiovascular 

disease and 

progression to 

ESKD in 

persons with 

T1D 

Data from a cohort of 

persons with T1D 

followed up at Steno 

Diabetes Center 

Copenhagen, Denmark. 

55% male.  

667 
Approxima

tely 5-7  

Primary: Progression of 

ESKD. Lost significance in 

multivariable adjustment 

model four after adjusting 

for baseline eGFR and 

urinary albumin excretion 

rate.  

 dp-ucMGP quartiles 

(pmol/L): 316.5 

(302.0–336.0) 

 386.0 (370.0–398.0) 

 457.0 (433.5–478.0) 

 611.0 (551.0–775.0). 

O'Seaghdh

a et al. 2012  
USA 

Phylloquinone and 

vitamin D status: 

associations with 

incident chronic 

kidney disease in the 

Framingham 

Offspring cohort. 

Cohort 

study 

Investigating if 

deficiencies of 

vitamins D and 

K may be 

associated with 

incident CKD 

and/or incident 

albuminuria in 

general 

population. 

Framingham Heart Study 

participants (mean age 58 

years; 50.5% 

women), free of CKD 

(eGFR<60 ml/min/1.732). 

1442 Median 7.8 

Primary: Significantly higher 

incidence of CKD in the 

highest quartile of 

phylloquinone. Secondary: 

Significant association 

between higher quartiles of 

phylloquinone and incident 

albuminuria, but a 

borderline significance in the 

highest quartiles. 

Phylloquinone levels 

stratified into 4 

quartiles (nmol/L): 

0.05-0.55, 0.56-0.98, 

0.99-1.77 and 1.78-

35.02. 

Groothof et 

al.  2020 

Nether-

lands  

Functional vitamin K 

status and risk of 

incident chronic 

kidney disease and 

microalbuminuria: a 

Cohort 

study 

To assess the 

association 

between. 

circulating dp-

Inhabitants from the city 

of Groningen, mean age 

52.3 years, mainly 

Caucasian.  

3969 Median 7.1 

Primary: Incident CKD or 

microalbuminuria. The 

association of plasma dp-

ucMGP with incident CKD 

disappeared following 

Dp-ucMGP levels 

stratified in four 

quartiles (pmol/L)  

Males: <245, 245–381, 

382–550 and >550. 
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prospective general 

population-based 

cohort study. 

ucMGP and 

incident CKD 

adjustment for the 

confounding effect of 

baseline eGFR. The 

association to proteinuria in 

males disappeared after 

adjustment for age.  

Females: <193, 193-

341, 342–513 and 

>513.  

Roumelioti

s et al. 2020  
Greece  

The Association of 

dp-ucMGP with 

Cardiovascular 

Morbidity and 

Decreased Renal 

Function in Diabetic 

Chronic Kidney 

Disease. 

Cohort 

study 

Investigating 

the association 

between dp-

ucMGP and 

mortality, CV 

disease, and 

decreased renal 

function in a 

cohort of 

patients with 

diabetic CKD. 

Diabetic CKD patients, 

divided into two groups: 

dp-ucMGP over and 

under 656 pM  

Mean age 67.4 (dp-

ucMGP <656 pM) 

Mean age 69.7 (dp-

ucMGP >656 pM) 

Almost all male in both 

groups. 

66 Median 7 

Primary: Significantly higher 

risk of eGFR decline or 

progression to ESKD which 

remained after adjustment 

for T2D, proteinuria and 

serum albumin. 

Dp-ucMGP < 656 

pmol/L and Dp-

ucMGP ≥ 656 pmol/L. 

Table C2: Data table of included cohort studies.  

Abbreviations: CKD, chronic kidney disease; dp-ucMGP, dephosphorylated-uncarboxylated matrix Gla-protein; eGFR, estimated glomerular filtration rate; ESKD, end stage kidney disease; 

Q1-Q4, quartiles 1-4; T1D, type 1 diabetes; T2D, type 2 diabetes; ucMGP, uncarboxylated matrix Gla-protein. 
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