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ABSTRACT

Background. Vitamin K modulates calcification by activating calcification inhibitors such as 

matrix Gla-protein (MGP). In kidney transplant recipients, vitamin K insufficiency is common, but 

implications for long-term outcomes are unclear. 

Study design. Single-center observational study with a longitudinal design. 

Setting & participants. 518 stable kidney transplant recipients; 56% men, mean age, 51±12 (SD) 

years; and a median of 6 (IQR, 3-12) years after kidney transplantation. 

Factor. Plasma desphosphorylated-uncarboxylated MGP (dp-ucMGP) levels, reflecting vitamin 

K status.

Outcomes. All-cause mortality and transplant failure. 

Results. At inclusion, median dp-ucMGP level was 1,038 (IQR, 733-1,536] pmol/L, with 473 (91%) 

patients having vitamin K insufficiency (defined as dp-ucMGP >500 pmol/L). During a median 

follow-up of 9.8 (IQR, 8.5-10.2) years, 152 (29%) patients died and 54 (10%) developed transplant 

failure. Patients in the highest quartile of dp-ucMGP were at   considerably higher mortality risk 

compared with patients in the lowest quartile (HR, 3.10; 95% CI, 1.87-5.12; P
 
for trend <0.001; P

 

for quartile 1 [Q1] vs Q4 <0.001). After adjustment for potential confounders, including kidney 

function and exclusion of patients treated with a vitamin K antagonist, this association remained 

significant. Patients in the highest quartile also were at higher risk of developing transplant 

failure (HR, 2.61; 95% CI, 1.22-5.57;  P
 
for trend = 0.004; P

 
for Q1 vs Q4 = 0.01), but this association 

was lost after adjustment for baseline kidney function (HR, 1.20; 95% CI, 0.52-2.75; P for trend = 

0.6; P
  
for Q1 vs Q4 = 0.7).

Limitations. Although MGP exists as various species, only dp-ucMGP was measured. No data 

were available for vascular calcification as an intermediate end point.

Conclusions. Vitamin K insufficiency, that is, a high circulating level of dp-ucMGP, is highly 

prevalent in stable kidney transplant recipients and is associated independently with increased 

risk of mortality. Future studies should address whether vitamin K supplementation may lead to 

improved outcomes after kidney transplantation.
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INTRODUCTION

Although kidney transplantation considerably improves the prognosis of patients with end-

stage renal disease, the mortality risk of kidney transplant recipients remains strongly elevated 

compared with the general population.1 Cardiovascular disease is the leading cause of death 

after kidney transplantation2, mostly due to a high prevalence of vascular calcification. Of note, 

vascular calcification progresses substantially even in stable kidney transplant recipients, and 

the extent of calcification is a robust predictor of incident cardiovascular disease and all-cause 

mortality.3,4 Kidney transplant calcification has been identified as a possible pathophysiologic 

factor contributing to transplant failure.5 

Vascular calcification is an active process regulated at least in part by endogenous calcification 

inhibitors6 such as matrix Gla protein (MGP),7-9 which may appear in various forms according to 

its state of phosphorylation and/or carboxylation: desphosphorylated (dpMGP), phosphorylated 

(pMGP), uncarboxylated (ucMGP) and carboxylated (cMGP). Vitamin K
1
 (phylloquinone) and 

vitamin K
2
 (menaquinones [MK-n]) serve as crucial cofactors to activate MGP by converting 

specific protein-bound glutamate residues into γ-carboxyglutamate (Gla). Vitamin K insufficiency 

therefore results in increased plasma levels of uncarboxylated inactive MGP proteins, including 

desphosphorylated-ucMGP (dp-ucMGP).10,11 Comparison of the 4 different MGP assays available 

(dp-ucMGP, dp-cMGP, total ucMPG [t-ucMPG], and total dpMGP [t-dpMGP]) showed that 

circulating dp-ucMGP was particularly sensitive for changes in vascular vitamin K status.11 High 

circulating dp-ucMGP levels, indicative of vitamin K deficiency, have been associated with 

vascular calcification and increased cardiovascular risk in patients with chronic kidney disease 

(CKD).12,13 Moreover, recent preclinical and clinical studies suggest that vitamin K antagonists, for 

example, warfarin or coumarin, may contribute to vascular calcification.14,15

We previously demonstrated that the majority of stable kidney transplant recipients 

have vitamin K insufficiency as reflected by increased circulating dp-ucMGP concentrations.16 

However, the prognostic impact of vitamin K insufficiency after kidney transplantation has not 

been addressed to date. The objective of this study therefore was to investigate whether higher 

plasma dp-ucMGP level, reflecting vitamin K insufficiency, is associated with increased risk of all-

cause mortality or transplant failure after kidney transplantation. 

METHODS

Research design and participants
In this observational single-center cohort study with longitudinal follow-up, all adult stable 

kidney transplant recipients who visited our outpatient clinic from August 2001 through July 

2003 and had a functioning transplant for more than 1 year were invited to participate. The 

primary aim of this cohort study was to investigate the association of metabolic syndrome with 

impairment of kidney transplant function.17 Patients with overt congestive heart failure or cancer 
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other than cured skin cancer were considered ineligible for the study. A total of 606 of 847 (72%) 

eligible patients signed written informed consent. From this population, plasma samples from 

525 patients were available for the current post hoc study. One individual was excluded because 

the dp-ucMGP level was below the detection limit of the assay (<80 pmol/L). Six patients were 

excluded because of temporary vitamin K antagonist use at baseline; patients who used a 

vitamin K antagonist at baseline and continued use until the end of follow-up (n=34) were not 

excluded from the primary analysis, but subsequently were excluded in a sensitivity analysis (see 

Statistical Analysis section). In total, 518 kidney transplant recipients were included in the present 

analysis. Further details of this study have been published previously.17-21 The institutional review 

board approved the study protocol (METc 2001/039), which was in adherence to the Declaration 

of Helsinki.

End points 
The primary end points of this study were all-cause mortality and death-censored transplant 

failure, defined as return to dialysis therapy or retransplantation. The continuous surveillance 

system of the outpatient program ensures up-to-date information on patient status. General 

practitioners or referring nephrologists were contacted in case the status of a patient was 

unknown. End points were recorded until the end of March 2012; follow-up was 9.8 (interquartile 

range [IQR], 8.5-10.2) years. There was no loss due to follow-up for the primary end points.

Patient characteristics
The Groningen Renal Transplant Database contains information about all kidney transplantations 

performed in our center since 1968. Relevant donor characteristics, cold and warm ischemia 

time, HLA antigen mismatches, and date of transplantation were extracted from this database. 

Information about current medication was taken from medical records. Alcohol consumption, 

smoking status, and cardiovascular history were obtained using a self-report questionnaire 

at baseline (during the visit to the outpatient clinic from August 2001 through July 2003). 

Cardiovascular history was defined as history of myocardial infarction, percutaneous transluminal 

angioplasty or stenting of coronary or peripheral arteries, bypass operation of coronary or 

peripheral arteries, intermittent claudication, amputation for vascular reasons, transient ischemic 

attack, or ischemic cerebrovascular accident. Body mass index (BMI), waist circumference, body 

surface area, and blood pressure were measured as described previously.18 

Laboratory measurements
At baseline, blood was drawn after an 8- to 12-hour overnight fasting period. Diabetes mellitus 

was diagnosed if fasting plasma glucose concentration was ≥7.0 mmol/L (≥126 mg/dL) or anti-

diabetic medication was used. Plasma creatinine level was determined using the Jaffé method 

(MEGA AU 510; Merck Diagnostic), serum triglyceride level was determined with the GPO-

PAP (glycerol phosphate oxidase-peroxidase amino-phenazone phenol) method, and urinary 

protein excretion was analyzed using the Biuret reaction (MEGA AU 510). Glucose, hemoglobin 
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A1c, high-sensitivity C-reactive protein, total cholesterol, high-density lipoprotein cholesterol, 

and low-density lipoprotein cholesterol were assessed as described before.18,21 Serum albumin, 

calcium, hemoglobin, alkaline phosphatase, and phosphate plus urinary sodium excretion were 

determined by routine laboratory measurements. 

Vitamin K status
Plasma samples were stored at -80°C until assessment of vitamin K status. Vitamin K status 

was assessed by measuring dp-ucMGP in citrate plasma using a precommercial dual-antibody 

enzyme-linked immunoassay (InaKtif MGP [IDS-iSYS] assay). In this assay, the capture antibody 

is directed against a non-phosphorylated MGP epitope comprising amino acids 3 to 15 and the 

detection antibody against an uncarboxylated MGP epitope that includes amino acids 35 to 49, 

as described previously.12 Vitamin K insufficiency was defined as dp-ucMGP level >500 pmol/L.11

Statistical analysis
Data are presented as mean ± standard deviation, median and IQR, and number and percentage 

for normally distributed, non-normally distributed, and nominal data, respectively. Hazard ratios 

(HRs) are reported with 95% confidence intervals (CIs). P<0.05 (2 tailed) was considered to indicate 

statistical significance. Statistical analyses were performed using SPSS, version 22.0 for Windows 

(SPSS Inc), and Stata Statistical Software Release 11 (StataCorp LP). 

Variable distribution was tested with histograms and probability plots. For illustrative 

purposes, the study population was subdivided into quartiles of baseline dp-ucMGP levels to 

visualize associations with dp-ucMGP. Relationships between dp-ucMGP level and baseline 

characteristics were investigated by χ2 test for nominal data, Kruskal-Wallis test for non-

normally distributed data, and analysis of variance for normally distributed data. Univariable and 

subsequent multivariable linear regression analyses were performed to identify independent 

determinants of plasma dp-ucMGP level. Non-normally distributed variables were natural log-

transformed before entering into the regression model. Multivariable linear regression models 

were constructed using backward selection (P
out 

> 0.05) including variables that were associated 

significantly (P < 0.05) with dp-ucMGP level in univariate analysis. 

Associations of dp-ucMGP level with all-cause mortality were tested by Cox proportional 

hazards regression analysis with stepwise adjustment for age, sex, and independent determinants 

of dp-ucMGP level, including estimated glomerular filtration rate (eGFR; calculated with the CKD-

EPI [CKD Epidemiology Collaboration] creatinine equation), BMI, natural log-transformed serum 

triglyceride level, use of mycophenolate mofetil (MMF), and current smoking or other a priori 

important possible confounders, including current diabetes, history of cardiovascular disease, 

natural log-transformed proteinuria, and transplant vintage. For analyzing the association between 

dp-ucMGP level and death-censored transplant failure, the multivariable-adjusted analysis 

included recipient age and sex plus independent determinants of dp-ucMGP level, including 

BMI, natural log-transformed serum triglyceride level, use of MMF, current smoking, and natural 

log-transformed proteinuria (a priori important possible confounder). The last model (model 4) 
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included recipient age and sex plus eGFR (calculated with the CKD-EPI creatinine equation). Cox 

regression analyses were analyzed according to quartiles of dp-ucMGP in order to investigate the 

type of association between dp-ucMGP level and outcome. Because this association was linear, 

it was appropriate to repeat Cox regression analysis with natural log-transformed dp-ucMGP as 

a continuous variable to estimate the change in mortality or transplant failure risk per increase 

of natural log-transformed dp-ucMGP. Continuous variables were entered as such in the models, 

that is, not categorized. Cox proportional hazards regression models were built stepwise to 

avoid overfitting and to keep the number of covariates accurate in relationship to the number of 

events.22 Because vitamin K antagonist use was a strong independent determinant of dp-ucMGP 

level (β=0.39; P<0.001 in multivariable analysis) that could influence the association between 

dp-ucMGP level and outcomes, we performed sensitivity analyses in which we repeated all Cox 

regression analyses after exclusion of patients who were on vitamin K antagonist treatment at 

enrollment and remained on this treatment during follow-up. Patients on temporary vitamin K 

antagonist treatment at enrollment, for example, for a first deep venous thrombosis, had been 

excluded beforehand (see earlier in Methods).

RESULTS

Baseline characteristics and determinants of dp-ucMGP
Patients (56% men; mean age, 51±12 [SD] years) were enrolled at a median of 6.0 (IQR, 2.6-11.6) 

years after transplantation. Baseline characteristics according to quartiles of dp-ucMGP (<734, 

734-1,038, 1,039-1,535, and >1,535 pmol/L) are shown in Table 1. Patients in the highest quartile 

of dp-ucMGP were older; less likely to be currently smoking; and longer past transplantation; had 

higher BMI, systolic blood pressure, triglyceride, hemoglobin A1c
,
 and C-reactive protein values and 

worse kidney function with more proteinuria accompanied by lower hemoglobin, lower serum 

albumin, and higher phosphate levels; more frequently used a vitamin K antagonist (coumarin) and 

an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; and less frequently 

used a calcineurin inhibitor or proliferation inhibitor. The most frequent indications for long-

term vitamin K antagonist use were atrial fibrillation (26%), recurrent venous thromboembolism  

(26%), and heart valve replacement (21%). Median plasma dp-ucMGP level was 1,038 (IQR, 733-

1,536) pmol/L, and 473 (91.3%) patients had elevated dp-ucMGP levels (>500 pmol/L), indicating 

vitamin K insufficiency in most patients. Using multivariate linear regression analysis, we found that 

vitamin K antagonist use, kidney function (eGFR), BMI, current smoking, and triglyceride level were 

independent determinants of dp-ucMGP level (model R2 = 0.40; Table 2). 

 
dp-ucMGP level and mortality risk
During a median follow-up for 9.8 (IQR, 8.5-10.2) years, 152 of 518 (29%) patients died. The incidence 

of all-cause mortality during follow-up increased per quartile of dp-ucMGP. The number of all-

cause mortality events in the first quartile of dp-ucMGP was 21 (16%); in the second, 36 (28%); in 
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Table 1.  Baseline characteristics according to quartiles of plasma dp-ucMGP

Plasma dp-ucMGP quartiles
All patients

n=518
Quartile 1

n=130
Quartile 2

n=130
Quartile 3

n=129
Quartile 4

n=129
P-value

dp-ucMGP, pmol/L 1,038 [733 – 1,536] < 734 734 – 1,038 1,039 – 1,535 > 1,535 -
Demographics
Age, years 51.3±12.1 48.1±12.6 51.5±11.5 51.2±12.7 54.6±10.8 <0.001
Male sex, n (%) 290 (56) 70 (54) 76 (58) 74 (57) 70 (54) 0.8
BMI, kg/m2 25.9±4.3 24.6±3.6 25.7±4.2 25.9±4.3 27.5±4.5 <0.001
Systolic BP, mmHg 153±23 147±23 154±21 156±23 155±23 0.004
Diastolic BP, mmHg 90±10 89±10 90±9 91±10 90±10 0.3
Current smoker, n (%) 105 (20) 38 (29) 22 (17) 26 (20) 19 (15) 0.02
Ex-smoker, n (%) 220 (42) 51 (39) 58 (45) 49 (38) 62 (48) 0.3
Current diabetes, n (%) 86 (17) 22 (17) 22 (17) 17 (13) 25 (19) 0.6
History of MI, n (%) 40 (8) 8 (6) 8 (6) 7 (5) 17 (13) 0.06
History of TIA/CVA, n (%) 29 (6) 6 (5) 10 (8) 5 (4) 8 (6) 0.5
Kidney transplantation
Dialysis duration, months 27 [13-48] 23 [11-42] 25 [11-48] 27 [14-52] 30 [16-51] 0.2
Transplant vintage, years 6.0 [2.6-11.6] 5.1 [2.1-12.1] 6.3 [2.4-10.6] 5.6 [2.4-11.7] 7.6 [3.9-12.1] 0.05
Deceased donor, n (%) 445 (86) 106 (82) 113 (87) 107 (83) 119 (92) 0.06
Cold ischemia time, hours 22 [15-27] 22 [14-26] 22 [15-28] 20 [13-27] 22 [17-28] 0.3
Total warm ischemia time, minutes 35 [30-45] 35 [30-43] 35 [30-45] 35 [30-45] 36 [32-45] 0.3
Number of HLA mismatches, n 2 [0-3] 2 [0-3] 2 [0-2] 2 [0-3] 2 [1-2] 0.9
History of acute rejection, n (%) 234 (45) 66 (51) 48 (37) 62 (48) 58 (45) 0.1
Laboratory parameters
Hemoglobin, g/dL 13.9±1.6 14.2±1.4 14.1±1.5 13.7±1.6 13.5±1.7 <0.001
HbA1c, % 6.5±1.1 6.3±1.0 6.4±1.0 6.5±1.0 6.7±1.1 <0.001
CRP, mg/L 1.9 [0.7-4.6] 1.3 [0.6-3.6] 1.8 [0.6-4.0] 2.2 [0.9-4.8] 2.4 [1.2-6.2] 0.005
Albumin, g/dL 4.07±034 4.15±0.28 4.11±0.29 4.04±0.44 3.99±0.28 <0.001
Calcium, mg/dL 9.58±0.64 9.56±0.49 9.58±0.66 9.62±0.62 9.56±0.76 0.9
Phosphate, mg/dL 3.28±0.64 3.18±0.63 3.30±0.62 3.23±0.58 3.42±0.70 0.009
Alkaline phosphatase, U/L 72 [57-94] 70 [54-87] 75 [58-99] 72 [59-99] 74 [61-95] 0.2
Total cholesterol, mg/dL 217 [191-241] 212 [186-235] 217 [187-241] 218 [197-242] 222 [192-244] 0.2
HDL cholesterol, mg/dL 41 [34-49] 43 [35-51] 42 [34-51] 40 [32-48] 39 [33-50] 0.2
LDL cholesterol, mg/dL 137 [116-160] 140 [116-156] 135 [116-162] 139 [116-163] 134 [114-156] 0.6
Triglycerides, mg/dL 169 [124-235] 140 [110 -184] 162 [119-213] 182 [134-233] 211 [148-267] <0.001
eGFR, mL/min/1.73m2 47.6±15.2 55.4±13.2 50.3±12.7 44.6±15.7 40.1±14.5 <0.001
Proteinuria, g/24h 0.2 [0.0-0.5] 0.2 [0.0-0.3] 0.2 [0.0-0.5] 0.2 [0.0-0.5] 0.3 [0.2-0.5] 0.02
Urinary sodium excretion, mmol/24h 139±63 141±68 139±63 138±59 139±63 0.8
Medication
ACEi or ARB, n (%) 171 (33) 42 (32) 35 (27) 36 (28) 58 (45) 0.007
VKA use, n (%) 34 (7) 2 (2) 1 (1) 2 (2) 29 (22) <0.001
Prednisone dose, mg/day 10 [7.5-10] 10 [7.5-10] 10 [7.5-10] 10 [8.75-10] 10 [7.5-10] 0.6
Calcineurin inhibitor, n (%)
      - Cyclosporine, n (%) 342 (66) 74 (57) 94 (72) 87 (67) 87 (67) 0.06
      - Tacrolimus, n (%) 71 (14) 18 (14) 17 (13) 21 (16) 15(12) 0.7
Proliferation inhibitor
      - Azathioprine, n (%) 169 (33) 41 (32) 32 (25) 43 (33) 53 (41) 0.04
      - Mycophenolate mofetil, n (%) 212 (41) 67 (52) 56 (43) 54 (42) 35 (27) 0.001
Sirolimus, n (%) 8 (2) 1 (1) 1 (1) 2 (2) 4 (3) 0.4
Values for categorical variables are given as number (percentage); values for continuous variables are given as mean ± standard deviation or median 
[interquartile range]. The χ2 test was used for nominal data; Kruskal-Wallis test, for non-normally distributed data; and analysis of variance, for 
normally distributed data. P values <0.05 are in bold. The CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula was used to estimate 
the GFR.  Conversion factors for units: hemoglobin in g/dL to mmol/L, x0.6206; albumin in g/dL to g/L, x10; calcium from mg/dL to mmol/L, x0.2495; 
phosphate from mg/dL to mmol/L, x0.3229; total cholesterol from mg/dL to mmol/L, x0.02586; HDL cholesterol from mg/dL to mmol/L, x0.02586; LDL 
cholesterol from mg/dL to mmol/L, x0.02586; triglycerides from mg/dL to mmol/L, x0.01129.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, body mass index; BP, blood pressure; CRP, 
C-reactive protein; CVA, cerebrovascular accident; dp-ucMGP, desphospho-uncarboxylated matrix Gla-protein; eGFR, estimated glomerular filtration 
rate; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HLA, human leukocyte antigen; LDL, low-density lipoprotein; MI, myocardial 
infarction; TIA, transient ischemic attack; VKA, vitamin K antagonist (coumarin). 
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Table 2. Univariable and multivariable determinants of  
dp-ucMGP levels 

Univariable Multivariable

Clinical parameter Standardized β P-value Standardized β P-value

Age 0.21 <0.001

Current smoking -0.17 <0.001 -0.14 <0.001

History of MI 0.15 0.001

BMI 0.24 <0.001 0.16 <0.001

SBP 0.13 0.002

Dialysis duration 0.10 0.03

Deceased donor -0.10 0.02

Hemoglobin -0.19 <0.001

HbA1c 0.18 <0.001

CRP 0.16 <0.001

Albumin -0.18 <0.001

Phosphate 0.09 <0.05

eGFR -0.39 <0.001 -0.37 <0.001

Triglycerides 0.23 <0.001 0.11 0.002

Proteinuria 0.11 0.01

ACEi or ARB 0.09 0.04

Vitamin K antagonist 0.41 <0.001 0.38 <0.001

Mycophenolate mofetil -0.18 0.001 -0.09 0.01

All variables described in Table 1 were tested, only variables with P<0.05 in univariable analyses are given. 
Non-normally distributed variables (CRP, dp-ucMGP, proteinuria, total cholesterol, and triglycerides) were 
natural log transformed before entering the model. For dichotomous variable (ACEi or ARB, coumarin, current 
smoking, deceased donor, history of MI and proliferation inhibitor), 0 = no, 1 = yes. 
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, 
body mass index; CRP, C-reactive protein; dp-ucMGP, desphospho-uncarboxylated matrix Gla-protein; eGFR, 
estimated glomerular filtration rate; HbA1c, glycated hemoglobin; MI, myocardial infarction; SBP, systolic 
blood pressure. 

the third, 39 (30%); and in the fourth, 55 (43%; χ2 test P < 0.001). Kaplan-Meier analysis also revealed 

a gradual increase in risk of all-cause mortality according to increasing quartiles of dp-ucMGP 

(Fig 1; log-rank P < 0.001). In univariate Cox regression analysis analyzed according to quartiles 

of dp-ucMGP, patients in the highest quartile (ie, lower vitamin K levels) were at a considerably 

higher mortality risk compared with patients in the lowest quartile (HR, 3.10; 95% CI, 1.87-5.12; P
 

for trend < 0.001; P
 
for quartile 1 [Q1] vs Q4

 
< 0.001). Subsequently, multivariate Cox proportional 

hazards regression models were built to address whether the association between dp-ucMGP 

level and outcome depended on known determinants of dp-ucMGP level (eGFR, BMI, serum 

triglyceride level, use of MMF, and current smoking status) and other a priori important possible 

confounders (diabetes, history of cardiovascular disease, proteinuria, and transplant vintage). 

Also after multivariable adjustment, mortality risk increased per dp-ucMGP quartile (Table 3). The 

association between dp-ucMGP level and mortality remained significant in continuous analysis 

(fully adjusted HR, 1.46; 95% CI, 1.11-1.93; P = 0.008; Table 3). Sensitivity analyses were performed 

by repeating all Cox regression analyses after exclusion of patients treated with a vitamin K 

antagonist. The results were not materially different from the primary analyses (Table 3).
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dp-ucMGP < 734 (quartile [Q] 1; black line), 734 to 1,038 (Q2; grey line), 1,039 to 1,535 (Q3; 
black dotted line), and > 1,535 pmol/L (Q4; grey dotted line).

Figure 1. Kaplan-Meier curve for all-cause mortality among 
kidney transplant recipients according to quartiles of 
desphospho-uncarboxylated matrix Gla-protein (dp-ucMGP)

 
Dp-ucMGP and transplant failure 
During a median follow-up of 9.6 (IQR, 7.3-10.2) years, 54 of 518 (10%) patients developed 

transplant failure. The number of transplant failure events in the first quartile of dp-ucMGP 

was 10 (8%); in the second, 9 (7%); in the third, 15 (12%); and in the fourth, 20 (16%; χ2 test P = 

0.09). Kaplan-Meier analysis revealed a gradual increase in risk of transplant failure according to 

increasing quartiles of dp-ucMGP (log-rank P = 0.02; Fig 2). The association between dp-ucMGP 

level and death-censored transplant failure was observed in univariate Cox proportional hazards 

regression analysis, analyzed according to quartiles of dp-ucMGP and as continuous increase in 

dp-ucMGP levels. Patients in the highest quartile (ie, lower vitamin K levels) were at higher risk 

of developing transplant failure compared with patients in the lowest quartile (HR, 2.61; 95% CI, 

1.22-5.57; P
 
for trend = 0.004; P

 
for Q1 vs Q4 = 0.01). As shown in Table 4, the association of dp-

ucMGP with transplant failure remained significant when adjusted for age and sex (model 2) or 

independent determinants of dp-ucMGP level and proteinuria (model 3), but lost significance 

when adjusted for kidney function (model 4). The exclusion of patients treated with a vitamin K 

antagonist did not materially change these associations (Table 4). 
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Table 3. Associations of dp-ucMGP with all-cause mortality in stable kidney transplant recipients 
after a median of 9.8 (IQR, 8.5-10.2) years’ follow-up

All participants (n
events

/n
total 

= 151/518)

dp-ucMGP Q1
<734

Q2
734-1,038

Q3
1,039-1,535

Q4
>1,535 

Continuous
ln (dp-ucMGP)

HR (95% CI) HR (95% CI) HR (95% CI) P trend HR (95% CI) P 

Model 1 1.0 (Ref) 1.78 (1.04-3.05)* 2.05 (1.20-3.48)** 3.10 (1.87-5.12)*** <0.001 1.94 (1.49-2.53) <0.001

Model 2 1.0 (Ref) 1.50 (0.88-2.57) 1.72 (1.01-2.93)* 2.30 (1.39-3.82)** 0.001 1.65 (1.26-2.16) <0.001

Model 3 1.0 (Ref) 1.37 (0.79-2.36) 1.44 (0.83-2.52) 1.88 (1.08-3.26)* 0.03 1.56 (1.14-2.12) 0.005

Model 4 1.0 (Ref) 1.54 (0.90-2.64) 1.67 (0.97-2.86) 2.00 (1.20-3.35)** 0.009 1.46 (1.11-1.93) 0.008

No. of cases 21 36 39 55 - 151 -

After exclusion of vitamin K antagonist users (n
events

/n
total 

= 134/484)

dp-ucMGP Q1
<726

Q2
726-987

Q3
988-1,403

Q4
>1,403 

Continuous
ln(dp-ucMGP)

HR (95% CI) HR (95% CI) HR (95% CI) P trend HR (95% CI) P 

Model 1 1.0 (Ref) 1.55 (0.87-2.77) 1.97 (1.12-3.44)* 3.03 (1.79-5.13)*** <0.001 1.93 (1.41-2.62) <0.001

Model 2 1.0 (Ref) 1.30 (0.73-2.32) 1.68 (0.96-2.94) 2.24 (1.32-3.80)** 0.001 1.62 (1.18-2.22) 0.003

Model 3 1.0 (Ref) 1.24 (0.69-2.23) 1.43 (0.79-2.58) 1.86 (1.02-3.39)* 0.03 1.47 (1.01-2.15) 0.046

Model 4 1.0 (Ref) 1.34 (0.75-2.39) 1.55 (0.88-2.73) 1.88 (1.09-3.23)* 0.02 1.40 (1.02-1.93) 0.04

No. of cases 19 29 35 51 - 134 -
Hazard ratios (95% confidence interval) according to quartiles of dp-ucMGP in pmol/L and continuous natural log transformed dp-ucMGP of all 
participants and those without vitamin K antagonist (coumarin) use are shown in the upper and lower sections of the table, respectively. Model 
1: crude; model 2: adjusted for age and gender; model 3: adjusted for model 2 plus estimated glomerular filtration rate, body mass index, serum 
triglyceride level, use of mycophenolate mofetil, and current smoking; and model 4: adjusted for model 2 plus diabetes, history of cardiovascular 
disease, proteinuria and transplant vintage. *P<0.05 **P<0.01 ***P<0.001
Abbreviations: dp-ucMGP, desphospho-uncarboxylated matrix Gla-protein; IQR, interquartile range; Ref, referent; Q, quartile.

Table 4. Associations of dp-ucMGP with death-censored graft failure in stable kidney transplant 
recipients after a median of 9.6 (IQR, 7.3-10.2) years’ follow-up

All participants (n
events

/n
total 

= 54/517)

dp-ucMGP Q1
<734

Q2
734-1,038

Q3
1,039-1,535

Q4
>1,535 

Continuous
Ln dp-ucMGP

HR (95% CI) HR (95% CI) HR (95% CI) P trend HR (95% CI) P 

Model 1 1.0 (Ref) 0.95 (0.39-2.34) 1.73 (0.78-3.86) 2.61 (1.22-5.57)* 0.004 2.13 (1.38-3.31) 0.001

Model 2 1.0 (Ref) 1.03 (0.42-2.56) 1.86 (0.83-4.15) 3.08 (1.41-6.72)** 0.001 2.37 (1.51-3.70) <0.001

Model 3 1.0 (Ref) 0.96 (0.38-2.41) 1.86 (0.81-4.27) 2.62 (1.13-6.03)* 0.007 2.28 (1.40-3.69) 0.001

Model 4 1.0 (Ref) 0.82 (0.33-2.02) 0.87 (0.38-2.03) 1.20 (0.52-2.75) 0.6 1.41 (0.83-2.39) 0.2

No. of cases 10 9 15 20 - 54 -

After exclusion of vitamin K antagonist users (n
events

/n
total 

= 52/483)

dp-ucMGP Q1
<726

Q2
726-987

Q3
988-1,403

Q4
>1,403

Continuous
Ln dp-ucMGP

HR (95% CI) HR (95% CI) HR (95% CI) P trend HR (95% CI) P 

Model 1 1.0 (Ref) 0.83 (0.33-2.10) 1.67 (0.75-3.72) 2.36 (1.10-5.08)* 0.008 2.43 (1.49-3.99) <0.001

Model 2 1.0 (Ref) 0.91 (0.36-2.31) 1.79 (0.80-4.01) 2.85 (1.29-6.28)** 0.003 2.81 (1.68-4.69) <0.001

Model 3 1.0 (Ref) 0.89 (0.34-2.30) 1.74 (0.76-3.99) 2.51 (1.08-5.84)* 0.01 2.57 (1.50-4.40) 0.001

Model 4 1.0 (Ref) 0.69 (0.27-1.76) 0.90 (0.39-2.09) 1.05 (0.44-2.49) 0.7 1.47 (0.80-2.70) 0.2

No. of cases 10 8 15 19 - 52 -
Hazard ratios (95% confidence interval) according to quartiles of dp-ucMGP in pmol/L and continuous natural log transformed dp-ucMGP of all 
participants and those without vitamin K antagonist (coumarin) use are shown in the upper and lower sections of the table, respectively. Model 1: 
crude; model 2: adjusted for age and gender; model 3: adjusted for model 2 plus body mass index, serum triglyceride level, current smoking, use of 
mycophenolate mofetil, and proteinuria; and model 4: adjusted for model 2 plus estimated glomerular filtration rate. *P<0.05 **P<0.01
Abbreviations: dp-ucMGP, desphospho-uncarboxylated matrix Gla-protein; IQR, interquartile range; Ref, referent; Q, quartile.
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dp-ucMGP < 734 (quartile [Q] 1; black line), 734 to 1,038 (Q2; grey line), 1,039 to 1,535 (Q3; 
black dotted line), and > 1,535 pmol/L (Q4; grey dotted line).

Figure 2. Kaplan-Meier curve for death-censored transplant 
failure among kidney transplant recipients according to 
quartiles of desphospho-uncarboxylated matrix Gla-
protein (dp-ucMGP)

DISCUSSION

The primary finding of our study is that higher circulating dp-ucMGP levels, indicative of vitamin 

K insufficiency, are associated consistently and independently with increased risk of all-cause 

mortality after kidney transplantation. We showed that most stable kidney transplant recipients 

exhibit elevated plasma dp-ucMGP levels. In 91% of patients, dp-ucMGP level was above the 

upper normal limit of the general population (500 pmol/L).11 

Vitamin K insufficiency deduced from circulating dp-ucMGP levels has been reported 

previously in similar percentages in kidney transplant recipients16 and hemodialysis patients.23 

Although the cause(s) of the high prevalence of vitamin K insufficiency in our cohort cannot be 

established with certainty from our study, we can speculate on possible explanations. Recent 

preclinical studies support a cause-effect relationship between decreased kidney function 

and vitamin K insufficiency.24 In addition, we found in a previous cohort of kidney transplant 
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recipients that dietary habits of these patients also may contribute to vitamin K status.16 Chief 

dietary sources of vitamin K include green vegetables and cheeses, which usually are avoided 

by patients with end-stage kidney disease because of their potassium content. We speculate 

that transplant recipients may maintain, at least in part, their dietary habits originating from the 

pre-transplantation period, contributing to the ongoing state of vitamin K insufficiency after 

transplantation. 

In multivariable regression analyses, kidney function and vitamin K antagonist use were the 

strongest determinants of circulating dp-ucMGP level. Our results are consistent with those of 

other studies that also showed an inverse relationship between dp-ucMGP level and kidney 

function.12,16,25,26 Recently it was shown that the endogenous vitamin K recycling, due to reduction 

in activity of the vitamin K cycle enzyme γ-carboxylase, is reduced in uremic rats. Serum ucMGP 

levels increase in uremic rats, indicating functional uremic vitamin K deficiency.24 

The association between use of a vitamin K antagonist and dp-ucMGP level was anticipated 

given the vitamin K-dependency of MGP carboxylation27 and has been described previously after 

kidney transplantation.16 Vitamin K antagonist use also has been associated with an increased risk 

of vascular calcification in the general population and dialysis population (recently reviewed by 

Chatrou et al9). Furthermore, BMI, triglyceride level, MMF use, and smoking also were identified 

as independent determinants of circulating dp-ucMGP levels in kidney transplant recipients. 

Our finding that BMI and triglyceride level are associated with vascular vitamin K status 

is in accordance with earlier studies that linked vitamin K status with parameters of glucose 

metabolism and atherosclerosis28 and with the recent suggestion that high vitamin K intake may 

favorably affect components of metabolic syndrome.29 In line with our finding that MMF use is 

associated inversely with dp-ucMGP level, duration of MMF treatment was associated inversely 

with thoracic aorta calcifications in kidney transplant recipients.30 The inverse association 

between smoking and dp-ucMGP level is found consistently across different populations,31,32 but 

the underlying mechanism of this association currently is unknown.  

To our knowledge, our study is the first to demonstrate that circulating elevated dp-ucMGP levels 

are associated independently with increased all-cause mortality risk after kidney transplantation. 

Vitamin K deficiency thus was identified as a novel clinically relevant risk factor that is easily 

modifiable by supplementation. Our findings correspond with data in pre-transplantation 

patients with CKD, for whom high dp-ucMGP levels also are associated with increased risk of 

(cardiovascular) mortality.13 Besides a direct effect on vascular calcification, another possible 

mechanism explaining the association between plasma dp-ucMGP level and all-cause mortality 

could be an effect of vitamin K on inflammation. In rats, vitamin K insufficiency enhances 

the expression of proinflammatory genes and vitamin K supplementation results in anti-

inflammatory effects.33 In humans, both vitamin K intake and status has been associated with 

inflammatory markers,34,35 and vitamin K supplementation may lower C-reactive protein levels in 

rheumatoid arthritis.36 Prospective clinical studies are needed to further substantiate whether 

vitamin K supplementation can reduce the risk of mortality after kidney transplantation. 

In univariate analysis, we also found an association between elevated plasma dp-ucMGP level 
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and increased risk of death-censored transplant failure. However, this association was   lost after 

adjustment for kidney function, suggesting that the association between low vitamin K status 

and transplant failure depends on kidney function, a strong determinant of transplant failure.37 

However, we cannot exclude the possibility that kidney function may be on the causal pathway 

between dp-ucMGP and transplant failure. Hypothetically, vascular vitamin K insufficiency 

could result in decreased kidney function and subsequently transplant failure through vascular 

calcification, stiffness of the renal vasculature, and intrarenal resistance, a marker currently used 

for assessment of kidney transplant performance.38

The therapeutic potential of vitamin K to reduce vascular calcification gains increasing 

attention.39 Remarkably, a preclinical study in rats showed that high vitamin K intake 

(phylloquinone and menaquinone) could reverse arterial calcification.40 In a pilot study of 

hemodialysis patients, administration of vitamin K
2
 (MK-7) for 6 weeks improved vitamin K 

status as reflected by reduced dp-ucMGP levels.41 Whether improving vitamin K status also 

may reduce coronary artery calcification is the subject of investigation in an ongoing clinical 

trial in hemodialysis patients (VitaVasK Study; ClinicalTrials.gov study number NCT01742273). 

Considering our findings, vitamin K supplementation could also be a promising intervention in 

kidney transplant recipients. 

Several limitations of our study warrant consideration. Although MGP exists as various 

species (with different states of phosphorylation and carboxylation), we measured only dp-

ucMGP. Regardless, dp-ucMGP is an established marker of (vascular) vitamin K status10,11 and has 

been associated with increased risk of cardiovascular events in patients with CKD12,13 or type 2 

diabetes mellitus.42 Although prospective, our study was observational in nature and therefore 

the possibility of residual confounding cannot be excluded. Due to its design, this cohort may 

have survival bias, but the design has the advantage of making the cohort representative of the 

outpatient clinic of prevalent kidney transplant recipients. Furthermore, the cohort consisted 

almost entirely of whites, which limits the generalizability of our study. Kidney function was 

estimated with the CKD-EPI creatinine equation rather than being measured. However, recent 

study compared the performance of different creatinine-based GFR estimating equations with 

GFR measurement in solid-organ transplant recipients and found that the CKD-EPI creatinine 

and MDRD (Modification of Diet in Renal Disease) Study equations performed better than 

alternative creatinine-based equations, leading to the conclusion that both the CKD-EPI 

creatinine and MDRD Study equations may be used in clinical practice.43 Circulating dp-ucMGP 

was measured at only a single time point; therefore, we could not take into account potential 

changes over time. Of note, epidemiologic studies largely use a single baseline measurement 

for predicting outcomes, which has a negative impact on predictive properties. The association 

between a variable and outcome is underestimated by a single determination.44 Unfortunately, 

no data for vitamin K intake were available for this cohort. Furthermore, no clinical data on 

vascular calcification as an intermediate end point were available in our cohort, and self-report 

was used for classification of cardiovascular disease history. The main strengths of this study 

are the relatively large sample size, long-term and complete follow-up, and the novelty of our 
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study to demonstrate an association between vitamin K status and hard end points after kidney 

transplantation.

In conclusion, we found that vitamin K insufficiency is highly prevalent in stable kidney 

transplant recipients and is associated with increased risk of all-cause mortality. Whether 

correction of vitamin K insufficiency after kidney transplantation might improve outcomes after 

kidney transplantation should be addressed in future prospective intervention studies.

PA
R

T 
II

Proefschrift Charlotte Keyzer.indd   132 19-09-15   16:07



133

ACKNOWLEDGMENTS

Support: M.H.d.B. is supported by grants from the Dutch Kidney Foundation (grant no. KJPB.08.07) 

and the Netherlands Organization for Scientific Research (Veni grant).  Immunodiagnostic Systems 

(IDS Plc) is acknowledged for supporting this study by making the dp-ucMGP assay available. 

Funders of this study had no role in the study design, collection of the data, analyzing the data, 

interpretation of results, writing the manuscript, or the decision to submit the manuscript.

Contributions: Research idea and study design: C.V., G.N., S.J.L.B., M.H.d.B.; data acquisition: 

M.H.J.K., N.E.A.D.; data analysis/interpretation: C.A.K., C.V., M.M.J., S.J.L.B., M.H.d.B.; statistical 

analysis: C.A.K., M.H.d.B.; supervision or mentorship: C.V., G.N., S.J.L.B.. Each author contributed 

important intellectual content during manuscript drafting or revision and accepts accountability 

for the overall work by ensuring that questions pertaining to the accuracy or integrity of any 

portion of the work are appropriately investigated and resolved. M.H.d.B. takes responsibility that 

this study has been reported honestly, accurately, and transparently; that no important aspects 

of the study have been omitted; and that any discrepancies from the study as planned have 

been explained.

DISCLOSURES

The authors declare that they have no other relevant financial interests.

VITAMIN K AND KIDNEY TRANSPLANTATION OUTCOMES

5

Proefschrift Charlotte Keyzer.indd   133 19-09-15   16:07



134

REFERENCES

1.  Oterdoom LH, de Vries AP, van Ree RM, Gansevoort RT, van Son WJ, van der Heide JJ, et al. N-terminal pro-B-type 
natriuretic peptide and mortality in renal transplant recipients versus the general population. Transplantation 2009; 
May 27;87(10):1562-70. 

2.  Ojo AO. Cardiovascular complications after renal transplantation and their prevention. Transplantation 2006; Sep 
15;82(5):603-11. 

3.  DeLoach SS, Joffe MM, Mai X, Goral S, Rosas SE. Aortic calcification predicts cardiovascular events and all-cause 
mortality in renal transplantation. Nephrol Dial Transplant 2009; Apr;24(4):1314-9. 

4.  Nguyen PT, Henrard S, Coche E, Goffin E, Devuyst O, Jadoul M. Coronary artery calcification: a strong predictor of 
cardiovascular events in renal transplant recipients. Nephrol Dial Transplant 2010; Nov;25(11):3773-8. 

5.  Gwinner W, Suppa S, Mengel M, Hoy L, Kreipe HH, Haller H, et al. Early calcification of renal allografts detected by 
protocol biopsies: causes and clinical implications. Am J Transplant 2005; Aug;5(8):1934-41. 

6.  Schlieper G, Westenfeld R, Brandenburg V, Ketteler M. Inhibitors of calcification in blood and urine. Semin Dial 2007; 
Mar-Apr;20(2):113-21. 

7.  Luo G, Ducy P, McKee MD, Pinero GJ, Loyer E, Behringer RR, et al. Spontaneous calcification of arteries and cartilage in 
mice lacking matrix GLA protein. Nature 1997; Mar 6;386(6620):78-81. 

8.  Murshed M, Schinke T, McKee MD, Karsenty G. Extracellular matrix mineralization is regulated locally; different roles of 
two gla-containing proteins. J Cell Biol 2004; Jun 7;165(5):625-30. 

9.  Chatrou ML, Winckers K, Hackeng TM, Reutelingsperger CP, Schurgers LJ. Vascular calcification: the price to pay for 
anticoagulation therapy with vitamin K-antagonists. Blood Rev 2012; Jul;26(4):155-66. 

10.  Berkner KL, Runge KW. The physiology of vitamin K nutriture and vitamin K-dependent protein function in 
atherosclerosis. J Thromb Haemost 2004; Dec;2(12):2118-32. 

11.  Cranenburg EC, Koos R, Schurgers LJ, Magdeleyns EJ, Schoonbrood TH, Landewe RB, et al. Characterisation and 
potential diagnostic value of circulating matrix Gla protein (MGP) species. Thromb Haemost 2010; Oct;104(4):811-22. 

12.  Schurgers LJ, Barreto DV, Barreto FC, Liabeuf S, Renard C, Magdeleyns EJ, et al. The circulating inactive form of matrix 
gla protein is a surrogate marker for vascular calcification in chronic kidney disease: a preliminary report. Clin J Am Soc 
Nephrol 2010; Apr;5(4):568-75. 

13.  Schlieper G, Westenfeld R, Kruger T, Cranenburg EC, Magdeleyns EJ, Brandenburg VM, et al. Circulating 
nonphosphorylated carboxylated matrix gla protein predicts survival in ESRD. J Am Soc Nephrol 2011; Feb;22(2):387-95. 

14.  Kruger T, Oelenberg S, Kaesler N, Schurgers LJ, van de Sandt AM, Boor P, et al. Warfarin Induces Cardiovascular 
Damage in Mice. Arterioscler Thromb Vasc Biol 2013;33:2618-24. 

15.  Weijs B, Blaauw Y, Rennenberg RJ, Schurgers LJ, Timmermans CC, Pison L, et al. Patients using vitamin K antagonists 
show increased levels of coronary calcification: an observational study in low-risk atrial fibrillation patients. Eur Heart J 
2011; Oct;32(20):2555-62. 

16.  Boxma PY, van den Berg E, Geleijnse JM, Laverman GD, Schurgers LJ, Vermeer C, et al. Vitamin k intake and plasma 
desphospho-uncarboxylated matrix Gla-protein levels in kidney transplant recipients. PLoS One 2012;7(10):e47991. 

17.  de Vries AP, Bakker SJ, van Son WJ, van der Heide JJ, Ploeg RJ, The HT, et al. Metabolic syndrome is associated with 
impaired long-term renal allograft function; not all component criteria contribute equally. Am J Transplant 2004; 
Oct;4(10):1675-83. 

18.  van Ree RM, de Vries AP, Oterdoom LH, The TH, Gansevoort RT, Homan van der Heide JJ, et al. Abdominal obesity and 
smoking are important determinants of C-reactive protein in renal transplant recipients. Nephrol Dial Transplant 2005; 
Nov;20(11):2524-31. 

19.  van Ree RM, Oterdoom LH, de Vries AP, Homan van der Heide JJ, van Son WJ, Navis G, et al. Circulating markers of 
endothelial dysfunction interact with proteinuria in predicting mortality in renal transplant recipients. Transplantation 
2008; Dec 27;86(12):1713-9. 

20.  van Ree RM, Gross S, Zelle DM, van der Heide JJ, Schouten JP, van Son WJ, et al. Influence of C-reactive protein and 
urinary protein excretion on prediction of graft failure and mortality by serum albumin in renal transplant recipients. 
Transplantation 2010; May 27;89(10):1247-54. 

21. Zelle DM, Corpeleijn E, van Ree RM, Stolk RP, van der Veer E, Gans RO, et al. Markers of the hepatic component of the 
metabolic syndrome as predictors of mortality in renal transplant recipients. Am J Transplant 2010; Jan;10(1):106-14. 

22. Harrell FE,Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in developing models, evaluating assumptions 
and adequacy, and measuring and reducing errors. Stat Med 1996; Feb 28;15(4):361-87. 

23. Cranenburg EC, Schurgers LJ, Uiterwijk HH, Beulens JW, Dalmeijer GW, Westerhuis R, et al. Vitamin K intake and status 
are low in hemodialysis patients. Kidney Int 2012; Sep;82(5):605-10. 

24. Kaesler N, Magdeleyns E, Herfs M, Schettgen T, Brandenburg V, Fliser D, et al. Impaired vitamin K recycling in uremia is 
rescued by vitamin K supplementation. Kidney Int 2014;86;286-93. 

PA
R

T 
II

Proefschrift Charlotte Keyzer.indd   134 19-09-15   16:07



135

25. Moe SM, Reslerova M, Ketteler M, O’neill K, Duan D, Koczman J, et al. Role of calcification inhibitors in the 
pathogenesis of vascular calcification in chronic kidney disease (CKD). Kidney Int 2005; Jun;67(6):2295-304. 

26. Mazzaferro S, Pasquali M, Pugliese F, Barresi G, Carbone I, Francone M, et al. Serum levels of calcification inhibition 
proteins and coronary artery calcium score: comparison between transplantation and dialysis. Am J Nephrol 
2007;27(1):75-83. 

27. Koos R, Krueger T, Westenfeld R, Kuhl HP, Brandenburg V, Mahnken AH, et al. Relation of circulating Matrix Gla-Protein 
and anticoagulation status in patients with aortic valve calcification. Thromb Haemost 2009; Apr;101(4):706-13. 

28. Kanazawa I, Yamaguchi T, Yamamoto M, Yamauchi M, Kurioka S, Yano S, et al. Serum osteocalcin level is associated 
with glucose metabolism and atherosclerosis parameters in type 2 diabetes mellitus. J Clin Endocrinol Metab 2009; 
Jan;94(1):45-9. 

29. Pan Y, Jackson RT. Dietary phylloquinone intakes and metabolic syndrome in US young adults. J Am Coll Nutr 2009; 
Aug;28(4):369-79. 

30. Nguyen PT, Coche E, Goffin E, Beguin C, Vlassenbroek A, Devuyst O, et al. Prevalence and determinants of coronary 
and aortic calcifications assessed by chest CT in renal transplant recipients. Am J Nephrol 2007;27(4):329-35. 

31. Dalmeijer GW, van der Schouw YT, Magdeleyns EJ, Vermeer C, Verschuren WM, Boer JM, et al. Circulating 
desphospho-uncarboxylated matrix gamma-carboxyglutamate protein and the risk of coronary heart disease and 
stroke. J Thromb Haemost 2014; Jul;12(7):1028-34. 

32. Mayer O,Jr, Seidlerova J, Bruthans J, Filipovsky J, Timoracka K, Vanek J, et al. Desphospho-uncarboxylated matrix 
Gla-protein is associated with mortality risk in patients with chronic stable vascular disease. Atherosclerosis 2014; 
Jul;235(1):162-8. 

33. Ohsaki Y, Shirakawa H, Hiwatashi K, Furukawa Y, Mizutani T, Komai M. Vitamin K suppresses lipopolysaccharide-
induced inflammation in the rat. Biosci Biotechnol Biochem 2006; Apr;70(4):926-32. 

34. Shea MK, Booth SL, Massaro JM, Jacques PF, D’Agostino RB S, Dawson-Hughes B, et al. Vitamin K and vitamin D status: 
associations with inflammatory markers in the Framingham Offspring Study. Am J Epidemiol 2008; Feb 1;167(3):313-20. 

35. Juanola-Falgarona M, Salas-Salvado J, Estruch R, Portillo MP, Casas R, Miranda J, et al. Association between dietary 
phylloquinone intake and peripheral metabolic risk markers related to insulin resistance and diabetes in elderly 
subjects at high cardiovascular risk . Cardiovasc Diabetol 2013;12(7):1-9. 

36. Ebina K, Shi K, Hirao M, Kaneshiro S, Morimoto T, Koizumi K, et al. Vitamin K2 administration is associated with 
decreased disease activity in patients with rheumatoid arthritis. Mod Rheumatol 2013;23:1001-7. 

37. First MR. Renal function as a predictor of long-term graft survival in renal transplant patients. Nephrol Dial Transplant 
2003; May;18 Suppl 1:i3-6. 

38. Radermacher J, Mengel M, Ellis S, Stuht S, Hiss M, Schwarz A, et al. The renal arterial resistance index and renal 
allograft survival. N Engl J Med 2003; Jul 10;349(2):115-24. 

39. Krueger T, Westenfeld R, Ketteler M, Schurgers LJ, Floege J. Vitamin K deficiency in CKD patients: a modifiable risk 
factor for vascular calcification?. Kidney Int 2009; Jul;76(1):18-22. 

40. Schurgers LJ, Spronk HM, Soute BA, Schiffers PM, DeMey JG, Vermeer C. Regression of warfarin-induced medial 
elastocalcinosis by high intake of vitamin K in rats. Blood 2007; Apr 1;109(7):2823-31. 

41. Westenfeld R, Krueger T, Schlieper G, Cranenburg EC, Magdeleyns EJ, Heidenreich S, et al. Effect of vitamin K2 
supplementation on functional vitamin K deficiency in hemodialysis patients: a randomized trial. Am J Kidney Dis 2012; 
Feb;59(2):186-95. 

42. Dalmeijer GW, van der Schouw YT, Magdeleyns EJ, Vermeer C, Verschuren WM, Boer JM, et al. Matrix Gla Protein 
Species and Risk of Cardiovascular Events in Type 2 Diabetic Patients. Diabetes Care 2013;36:3766-71. 

43. Shaffi K, Uhlig K, Perrone RD, Ruthazer R, Rule A, Lieske JC, et al. Performance of creatinine-based GFR estimating 
equations in solid-organ transplant recipients. Am J Kidney Dis 2014; Jun;63(6):1007-18. 

44. Koenig W, Sund M, Frohlich M, Lowel H, Hutchinson WL, Pepys MB. Refinement of the association of serum C-reactive 
protein concentration and coronary heart disease risk by correction for within-subject variation over time: the 
MONICA Augsburg studies, 1984 and 1987. Am J Epidemiol 2003; Aug 15;158(4):357-64. 

VITAMIN K AND KIDNEY TRANSPLANTATION OUTCOMES

5

Proefschrift Charlotte Keyzer.indd   135 19-09-15   16:07



Proefschrift Charlotte Keyzer.indd   136 19-09-15   16:07




