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INTRODUCTION

The annual mortality in patients with chronic
kidney disease (CKD) is markedly greater than that
of the normal population, especially in young
patients. Cardiovascular disease accounts for more
than 50% of all deaths in end-stage renal disease
(ESRD) patients (Foley, 1998; Goodman, 2000). As
a consequence, revealing the pathomechanisms of
cardiovascular disease in CKD patients is manda-
tory since this can help to find solutions which may
lead to improved outcomes. Traditional risk factors
for arteriosclerosis, i.e. the Framingham risk factors
of diabetes mellitus, hypertension, dyslipidaemia,
cannot explain fully the excessive cardiovascular risk
in CKD patients. Accordingly, therapeutic strategies
(e.g. statins), successfully applied in classical arte-
riosclerosis patients, have only a limited benefit for
CKD patients (Wanner, 2005).

Numerous so-called non-traditional risk factors
have been discovered that contribute to the patho-
genesis of vascular disease in uraemia. Cardiovas-
cular calcification is regarded as the hallmark of CKD
(Ketteler, 2005). The process of vascular calcification
(VO), formerly regarded as a passive precipitation,
is now known as an actively regulated, cell-mediated
process (Moe, 2008). Numerous local and systemic
factors influence VC development, either acting as
pro-calcification or anti-calcification agonists (Schop-
pet, 2008). Among the calcification inhibitors, matrix
Gla protein (MGP) merits special attention. It is
expressed by vascular smooth muscle cells (VSMCs)

within the arterial media. MGP needs to undergo
post-translational gamma-glutamyl carboxylation of
the 5 glutamate residues to achieve full biologic
activity. This activation is completely dependent on
the availability of vitamin K. Therefore, MGP metab-
olism exhibits similarities to the biology of the
coagulation factors I, VII, IX, X and protein C and
protein S, which also require vitamin K for activation.
In cases of vitamin K deficiency, MPG is not acti-
vated (under-carboxylated MGP, ucMGP) in contrast
to the fully carboxylated, bioactive cMGP. The impor-
tance of a careful distinction between these two MGP
subtypes has already been shown, since only the
ucMGP accumulates in areas of vascular calcification
(Schurgers, 2005). This accumulation has been inter-
preted as a sign of insufficient defence against VC.

VITAMIN K

Vitamin K consists of the group of phylloquinones
(vitamin K4) and several menaquinones (vitamin K5)
as well as the synthetic forms, menadion (vitamin
K3) and esterified menadion (vitamin K). Vitamin
K1 is found in membranes of chloroplasts of green
leafy vegetables. The main source of vitamin K is
fermented food such as cheese (both soft and hard
cheeses) and a Japanese specialty called natto,
which is a fermentation product from soy beans
containing very high concentrations of vitamin K,
(MK7). In addition, the mammalian intestinal flora
is able to produce vitamin K, but the extent to
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which this contributes to the daily intake is still
unknown (Suttie, 1995).

The discovery of vitamin K goes back to the
1930s, with the observation that chickens on a fat-
free diet developed haemorrhages (Dam H., 1934).
Shortly thereafter, the clotting factor prothrombin
was the first coagulation factor to be discovered as
being decreased in animals with haemorrhagic syn-
drome. Administration of vitamin K was then shown
to cure bleeding complications in patients with
hepatic and biliary diseases (Suttie, 1978).

The individual denomination of the several isoforms
of menaquinones is dependent on the number of
isoprenoid residues in the side chain. In human food
we find the isoforms MK-4 to MK-10, and here we find
those having 7, 8 or 9 isoprenoid groups in the side
chain are most common. Due to the increased hydro-
phobic properties of longer side chains, the various
isoforms exert different half-lives. This results in a half-
life time of MK-4 of 1 hour, and a half-life time of MK-7
of around 3 days. The kinetic of the half-life of MK-7
is biphasic; within the first 1.5h it lasts 6-8h, where-
as in a second phase the half-life is around 5oh, sug-
gesting initial redistribution and tissue uptake followed
by the incorporation of vitamin K5 in lipoproteins and

protein

Vitamin K

)

release by the liver (Schurgers, 2000). This difference
in bioavailability is important for the supply of vitamin
K, towards extra-hepatic tissues such as the arterial
vessel wall.

In mammalians, vitamin K serves as a redox part-
ner in cellular metabolism pathways of gamma-
glutamyl carboxylations, and a recycling mechanism
helps to reduce the daily requirement of vitamin K.
The vitamin K cycle can be effectively inhibited by
coumarins like warfarin, primarily known as potent
coagulation inhibitors.

Both vitamin K; and vitamin K, catalyse the
gamma-glutamyl carboxylation of all vitamin K-depen-
dent proteins, including coagulation factors, osteo-
calcin, and MGP. Buitenhuis et al. (1989) showed
that K, vitamins have a lower Km for the enzyme
gamma-glutamyl carboxylase, demonstrating a pref-
erence for K, vitamins as cofactor. Additionally, while
vitamin K; predominantly accumulates in the liver,
it is most important in the catalysation of the
y-glutamyl carboxylation of coagulation factors.
However, vitamin K, has a more wide-spread tissue
distribution and is thus also involved in the car-
boxylation of osteocalcin and MGP. Osteocalcin (0C),
also called bone Gla-protein (BGP), is exclusively
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Figure 1
The Vitamin-K-Cycle (from Stafford, 2005)
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synthesised by osteoblasts and odontoblasts and is
a regulator of bone formation. MGP is involved in
the inhibition of osseous and extraosseous calcifica-
tion, e.g. in bone, cartilage and also in vascular
calcification.

The recommended daily allowance (RDA) of total
vitamin K is 1 pg/kg/d; the estimated daily intake in
a Western diet ranges from 60 pg to 200 pg, of
which vitamin K; constitutes the major part. How-
ever, only 10% of Ky is absorbed from food because
of the tight binding to the chloroplast membranes.
There are no exact data on the amount of vitamin
K, intake, but it is assumed that around 10 percent
of the total vitamin K intake is vitamin K, (Schurgers,
2007). The mean daily dose is sufficient to maintain
a normal coagulation status, but is it unclear wheth-
er the dose is sufficient to enable extrahepatic
protein carboxylation. Determination of the ratio of
extrahepatic carboxylated versus under-carboxylated
vitamin K-dependent proteins may help us assess
whether vitamin K intake is sufficient. Osteocalcin
may serve as an indicator for extrahepatic protein
carboxylation. With a Western diet, the carboxylation
grade of serum osteocalcin has been shown to be
around 70% (having 30% inactive osteocalcin spe-
cies), indicating suboptimal vitamin K, concentra-
tions in extrahepatic organs (Schurgers, 2005;
Luukinen, 2000). Interestingly, the percentage of
circulating under-carboxylated MGP in the healthy
population is around 40%, suggesting also a local
vitamin K-deficiency in the vessel wall (Schurgers,
L) unpublished data). The question of whether vita-
min K, substitution is able to raise the amount of
activated, carboxylated MGP is currently the subject
of research.

THE ROLE OF MGP IN CARDIOVASCULAR
CALCIFICATION

MGP is an approximately 10 kd protein which is
expressed and secreted by osteoclasts, chondrocytes
and VSMCs. It was first described in 1983 and the
importance was elucidated by a knock-out mouse
model which was initially designed to investigate
the role of MGP in bone formation. As a result, bone
mineralisation was disturbed in this model, but more
strikingly, these animals all died at the age of around
8 weeks due to rupture of a severely calcified aorta

(Luo, 1997). A loss-of-function mutation within the
MGP gene in humans — the Keutel syndrome — is
characterised by abnormal cartilage -calcification,
brachytelephalangism, neural hearing loss and
peripheral pulmonary stenosis (Keutel, 1971). Inter-
estingly, older patients develop accelerated calcifica-
tion of the aorta and of the arteries in the heart and
brain (Meier, 2001). MGP exhibits its anti-calcification
actions only if expressed locally in the vessel wall.
Systemic (hepatic) overexpression does not inhibit
the evolution of the disastrous phenotype of the
MGP-null mice (Murshed, 2004).

B How does MGP prevent vascular calcification?

MGP was initially put forward as a strong candi-
date of calcification inhibition due to its 5 glutamate
(Gla) residues, which identifies it as one of the so
called Gla-proteins. One of the characteristics of Gla-
-containing proteins (including coagulation factors)
is their inhibitory effect on calcium precipitation and
crystallisation (Vermeer, 1990). Another mechanism
of calcification inhibitory action put forward is the
bone morphogenetic protein-2 (BMP-2) antagonism
of MGP (Zebboudj, 2001). MGP is found in so-called
matrix vesicles (MV) where it helps to counterbalance
potentially harmful high intracellular/intravesicular
calcium concentrations (Shanahan, 2005) by mecha-
nisms which are not fully understood at the molec-
ular level. The development of conformation-specific
antibodies against MGP enabled the detection of
under-carboxylated MGP at sites of vascular calcifica-
tion, whereas carboxylated MGP was found in intact
vessel walls. This suggests that vitamin K may play
a role in diminishing or inhibiting the development
of vascular calcification (Schurgers, 2005). The
dependency of gamma-glutamyl carboxylation of
MGP on vitamin K leads directly to the question of
potential side-effects of oral anticoagulation treat-
ment with vitamin K antagonists (coumarins). This
is a crucial question, since vascular calcification and
diseases such as atrial fibrillation or thromboembo-
lic events requiring OAC may be coincident, espe-
cially in the elderly. Indeed, coumarins are not
neutral in terms of vascular disease, as shown in
several animal experiments: Administration of cou-
marins in rats caused the development of vascular
calcification which was strictly located within the
tunica media (Price, 1998), i.e. the major site of MGP
expression. In turn, the additional administration of
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vitamin K, inhibited the formation of calcification in
coumarin-induced VC in rats (Schurgers, 2007). This
discovery leads us directly to the question of
whether vitamin K> administration may be useful in
inhibiting vascular calcification in human diseases.

DOES VITAMIN K DEFICIENCY PLAY
A ROLE IN HUMAN DISEASE?

Since suboptimal vitamin K intake may be associ-
ated with impaired function of OC and MGP, bone
and vascular diseases may be a consequence. Trials
addressing the vitamin K status in postmenopausal
women suffering from osteoporosis revealed that
vitamin K levels are lower in affected patients than
healthy controls (Binkley, 1995; Hart, 1985; Hodges
1991). Vice-versa, in a study performed in over
72,000 women, the risk of hip fractures was sig-
nificantly lower in patients consuming higher levels
of vitamin K (Feskanich, 1999). In two double- blind,
placebo-controlled clinical intervention trials with
vitamin K, it was demonstrated that over a three-year
period the bone loss was reduced by 35% with
vitamin K4 (Braam, 2003), as opposed to a complete
reduction in loss of bone strength with vitamin K,
(Knapen, 2007). In 2005, the so-called Rotterdam
trial, with more than 4800 subjects, showed that a
low vitamin K, intake is associated with a higher
incidence of severe aortic calcification and mortality
in the older population (Geleijnse, 2004). This
implies an insufficient nutritional supply of vitamin
K, at least in parts of the population. In a clinical
intervention trial among 200 postmenopausal wom-
en, the supplementation of vitamin K over three
years demonstrated a significant benefit for the
vascular properties as compared to placebo. (Braam,
2004). Nevertheless, the link between lower vitamin
K, intake, via an increase of undercarboxylated MGP,
to accelerated vascular calcification has not exactly
been proven so far.

While low vitamin K intake is associated with an
increased risk for bone and vascular disease, the
blocking of the vitamin K metabolism with vitamin K
antagonists affects skeletal and vascular health as
well. In a study involving males receiving warfarin, the
risk for fractures was significantly increased in indi-
viduals on long-term warfarin therapy (Gage, 2006).
In a small pilot study, Schurgers et al. demonstrated
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a two-fold increase in aortic valve calcification in
patients on coumarin (Schurgers, 2004). Koos and
colleagues were able to demonstrate quantitatively,
with multi-slide CT-scan, that patients under antico-
agulant therapy with vitamin K antagonists exerted a
higher incidence of coronary and valvular calcium
scores, although uc/cMGP levels are lacking (Koos,
2006).

That lower MGP levels are associated with coronary
calcification was demonstrated by Brandenburg and
colleagues (Brandenburg, 2006). It was shown that
patients with a low coronary calcification score had
significantly higher ucMGP levels compared to groups
with medium and high levels in the calcification score.
Moreover, in multivariate analyses, ucMGP was a
powerful predictor of coronary artery calcification. The
incidence of calciphylaxis, a severe complication with
vascular participation in CKD, is increased in patients
receiving the vitamin K antagonist warfarin (Mehta RL
1990). UcMGP is decreased within the serum in
patients with chronic renal disease (Hermans, 2007).
The discordance between lower ucMGP and increased
vascular calcification may be explained by the accu-
mulation of ucMGP within the calcified vessel wall, and
thus, lower serum levels (Hermans, 2007). Here, the
authors were only able to assume suboptimal vitamin
K serum concentrations in these patients. Shortly
thereafter, Pilkey and colleagues confirmed data on
subclinical vitamin K deficiency, and thus, the increased
under-carboxylated osteocalcin levels in dialysis
patients (Pilkey, 2007). This finding is consistent with
previous data of vitamin K deficiency in dialysis
patients (Kohlmeier, 1997; Malyszko, 2002). Due to its
lipophilic properties and incorporation into lipopro-
teins, vitamin K is not supposed to be dialysed. Thus,
low serum levels have to be regarded as being caused
by a diminished vitamin K intake within the specialised
diet of HD patients, although the exact amount of
vitamin K intake in this group has not yet been
assessed. This suggests that dietary vitamin K supple-
mentation may be necessary in dialysis patients.

An essential question for the nephrologist emerg-
es: will vitamin K supplementation help our patients?
Taken together, the results of the available literature
indicate that the answer to this question may be yes.
In an interventional study performed in 190 women,
the incidence of fractures was significantly reduced
in patients receiving vitamin K, (Shiraki, 2000). In
another study from Japan, dialysis patients received



Vitamin K in vascular health — more than just a role in coagulation

vitamin K, over a 12-month period. Here, the amount
of carboxylated osteocalcin (GlaOC) rose significantly
within 1 month of vitamin K intake (Nakashima, 2004).
Nevertheless, the lack of data on carboxylated MGP
in these patients means we will have to wait for the
results of our currently ongoing study into this ques-
tion. In animal studies, the therapeutic administration
of vitamin K resulted in reduced vascular calcification
(own observations and Schurgers, 2007) but confir-
mation in humans is lacking. Concerning the safety
of vitamin K, there are no side-effects reported that
may be related to vitamin K intake; in particular, no
thromboembolic events or shunt dysfunctions were
reported (Nakashima, 2003; Shiraki 2000). One
should keep in mind that vitamin K substitution has
been performed in neonates in Asia and Europe for
years and this is still being recommended with no
side-effects being observed (Leaf, AA 2007; Sichert-
-Hellert, 2006). The optimal dose of vitamin K,
remains to be tested and depends on the half-life of
the chosen form of vitamin K. Here, isoforms with
longer side chains, e.g. MK-7, may be the best choice.
Schurgers and colleagues demonstrated that a daily
dose of 146 pg significantly increased serum levels
of vitamin K, after 14d (Schurgers, 2007).

Taken together, vitamin K may be a promising
tool to influence a novel modifiable risk factor that
exerts special relevance in CKD patients. Vitamin K
can be regarded as a safe drug, although the effi-
cacy and therapeutic benefit as well as the daily
dosage are still unclear. Furthermore, we have to
assume that the prescription of vitamin K antago-
nists may additionally be counterproductive in these
patients. The introduction of non-coumarin-based
oral anticoagulants may be an important develop-
ment in patients at risk of VC.

Conflict of interest statement. None declared.

References

1 Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular disease in
chronic renal disease. Am ] Kidney Dis 1998;32(5 Suppl 3):S112-9

2 Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, Wang Y, Chung J,
Emerick A, Greaser L, Elashoff RM, Salusky IB. Coronary-artery calcification in young
adults with end-stage renal disease who are undergoing dialysis. N Engl | Med
2000;342(20):1478-83

3 Wanner C, Krane V, Marz W, Olschewski M, Mann JF, Ruf G, Ritz E; German Diabetes
and Dialysis Study Investigators. Atorvastatin in patients with type 2 diabetes mellitus
undergoing hemodialysis. N Engl } Med. 2005 Jul 21;353(3):238-48. Erratum in: N Engl
) Med 2005;353(15):1640

4 Ketteler M, Westenfeld R, Schlieper G, Brandenburg V. Pathogenesis of vascular cal-
cification in dialysis patients. Clin Exp Nephrol 2005;9(4):265-70

5 Moe SM, Chen NX. Mechanisms of vascular calcification in chronic kidney disease. |
Am Soc Nephrol 2008;19(2):213-6. Epub 2007 Dec 19

6 Schoppet M, Shroff RC, Hofbauer LC, Shanahan CM. Exploring the biology of vas-
cular calcification in chronic kidney disease: What’s circulating? Kidney Int
2008;73(4):384-90

-~

Yao Q, Pecoits-Filho R, Lindholm B, Stenvinkel P. Traditional and non-traditional risk
factors as contributors to atherosclerotic cardiovascular disease in end-stage renal
disease. Scand J Urol Nephrol 2004;38(5):405-16

©

Schafer C, Heiss A, Schwarz A, Westenfeld R, Ketteler M, Floege J, Muller-Esterl W,
Schinke T, Jahnen-Dechent W. The serum protein alpha 2-Heremans-Schmid glycopro-
tein/fetuin-A is a systemically acting inhibitor of ectopic calcification. J Clin Invest
2003;112(3):357-66

©

Moe SM, Reslerova M, Ketteler M, O‘neill K, Duan D, Koczman J, Westenfeld R, Jahnen-
-Dechent W, Chen NX. Role of calcification inhibitors in the pathogenesis of vascular
calcification in chronic kidney disease (CKD). Kidney Int 2005;67(6):2295-304

10

o

Ketteler M, Bongartz P, Westenfeld R, Wildberger JE, Mahnken AH, Bohm R, Metzger
T, Wanner C, Jahnen-Dechent W, Floege . Association of low fetuin-A (AHSG) concen-
trations in serum with cardiovascular mortality in patients on dialysis: a cross-sectional
study. Lancet 2003;361(9360):827-33

Schurgers LJ, Teunissen K], Knapen MH, Kwaijtaal M, van Diest R, Appels A, Reuteling-
sperger CP, Cleutjens JP, Vermeer C. Novel conformation-specific antibodies against
matrix gamma-carboxyglutamic acid (Gla) protein: undercarboxylated matrix Gla protein
as marker for vascular calcification. Arterioscler Thromb Vasc Biol 2005;25(8):1629-33

1

N

Suttie JW. The importance of menaquinones in human nutrition. Annu Rev Nutr 1995;
15:399-417

13 Dam H, Schonheyder F. A deficiency disease in chicks resembling scurvy. Biochem |
1934; 28:1355-1359

1

&

Suttie JW. Vitamin K. In: Handbook of lipid research: The fat-soluble vitamins, 1st ed.
Plenum Press 1978; 211-277

1

v

Schurgers LJ, Vermeer C. Determination of phylloquinone and menaquinones in food. Effect
of food matrix on circulating vitamin K concentrations. Haemostasis 2000;30(6):298-307

16 Buitenhuis HC, Soute BA, Vermeer C. Comparison of the vitamins K1, K2 and K3 as

cofactors for the hepatic vitamin K-dependent carboxylase.

1

9

Biochim Biophys Acta 1990;1034(2):170-5

18 Schurgers L), Teunissen K], Hamulyak K, Knapen MH, Vik H, Vermeer C. Vitamin
K-containing dietary supplements: comparison of synthetic vitamin K1 and natto-derived

menaquinone-7. Blood 2007;109(8):3279-83

1

0

Luukinen H, K&konen SM, Pettersson K, Koski K, Laippala P, Lévgren T, Kiveld SL,
Vaandnen HK. Strong prediction of fractures among older adults by the ratio of car-
boxylated to total serum osteocalcin. ] Bone Miner Res 2000;15(12):2473-8

20 |yo G, Ducy P, McKee MD, Pinero GJ, Loyer E, Behringer RR, Karsenty G. Spontaneous
calcification of arteries and cartilage in mice lacking matrix GLA protein. Nature
1997;386(6620):78-81

21 Keutel ), Jorgensen G, Gabriel P. A new autosomal-recessive hereditary syndrome.

Multiple peripheral pulmonary stenosis, brachytelephalangia, inner-ear deafness,

ossification or calcification of cartilages. Dtsch Med Wochenschr 1971;96(43):1676-81

22 Meier M, Weng LP, Alexandrakis E, Riischoff ), Goeckenjan G. Tracheobronchial steno-

sis in Keutel syndrome. Eur Respir | 2001;17(3):566-9

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

24 Vermeer C. Gamma-carboxyglutamate-containing proteins and the vitamin K-dependent
carboxylase. Biochem J 1990;266(3):625-36

2

o

Zebboudj AF, Imura M, Bostrom K. Matrix GLA protein, a regulatory protein for bone
morphogenetic protein-2. | Biol Chem 2002;277(6):4388-94

Port ) Nephrol Hypert 2008; 22(2): 143-148 | 147



Thilo Krueger, Vincent M. Brandenburg, Leon J. Schurgers, Jirgen Floege

26 Shanahan CM. Mechanisms of vascular calcification in renal disease. Clin Nephrol
2005;63(2):146-57

27 Price P: Warfarin causes rapid calcification of the elastic lamellae in rat arteries and
heart valves. Arterioscler Thromb Vasc Biol 1998;18(9):1400-7

39 Mehta RL, Scott G, Sloand JA, Francis CW. Skin necrosis associated with acquired protein

C deficiency in patients with renal failure and calciphylaxis. Am ) Med 1990;88(3):252-7

40 Hermans MM, Vermeer C, Kooman JP, Brandenburg V, Ketteler M, Gladziwa U, Rensma

PL, Leunissen KM, Schurgers LJ. Undercarboxylated matrix GLA protein levels are
decreased in dialysis patients and related to parameters of calcium-phosphate

28 Binkley NC, Suttie JW. Vitamin K nutrition and osteoporosis. J Nutr 1995l; 125(7):1812-21 metabolism and aortic augmentation index. Blood Purif 2007;25(5-6):395-401

29 Hart JP, Shearer MJ, Klenerman L, Catterall A, Reeve J, Sambrook PN, Dodds RA, 41 pilkey RM, Morton AR, Boffa MB, Noordhof C, Day AG, Su Y, Miller LM, Koschinsky
Bitensky L, Chayen ). Electrochemical detection of depressed circulating levels of ML, Booth SL. Subclinical vitamin K deficiency in hemodialysis patients. Am | Kidney
vitamin K1 in osteoporosis. ) Clin Endocrinol Metab 1985;60(6):1268-9 Dis 2007;49(3):432-9

39 Hodges SJ, Pilkington MJ, Stamp TC, Catterall A, Shearer Mj, Bitensky L, Chayen J. 42 Kohlmeier M, Saupe J, Shearer M), Schaefer K, Asmus G. Bone health of adult hemo-

Depressed levels of circulating menaquinones in patients with osteoporotic fractures dialysis patients is related to vitamin K status. Kidney Int 1997;51(4):1218-21
of the spine and femoral neck. Bone 1991;12(6):387-9

4

W

Matyszko JS, Matyszko J, Skrzydlewska E, Pawlak K, Mysliwiec M. Protein Z and
31 Feskanich D, Weber P, Willett WC, Rockett H, Booth SL, Colditz GA. Vitamin K intake vitamin K in kidney disease. Rocz Akad Med Bialymst 2004;49:197-200

and hip fractures in women: a prospective study. Am ] Clin Nutr 1999;69(1):74-9

44 Shiraki M, Shiraki Y, Aoki C, Miura M. Vitamin K2 (menatetrenone) effectively prevents
fractures and sustains lumbar bone mineral density in osteoporosis. ] Bone Miner Res

2000 Mar;15(3):515-21

N

3 Geleijnse JM, Vermeer C, Grobbee DE, Schurgers LJ, Knapen MH, van der Meer IM,
Hofman A, Witteman JC. Dietary intake of menaquinone is associated with a reduced

risk of coronary heart disease: the Rotterdam Study. ] Nutr 2004;134(11):3100-5
4!

&

Nakashima A, Yorioka N, Doi S, Masaki T, Ito T, Harada S. Effects of vitamin K2 in hemo-

3 dialysis patients with low serum parathyroid hormone levels. Bone 2004;34(3):579-83

w

Braam LA, Knapen MH, Geusens P, Brouns F, Vermeer C. Factors affecting bone loss

in female endurance athletes: a two-year follow-up study. Am | Sports Med

2003;31(6):889-95 46 | eaf AA; RCPCH Standing Committee on Nutrition. Vitamins for babies and young
children. Arch Dis Child 2007;92(2):160-4

34 Knapen MH, Schurgers L), Vermeer C. Vitamin K2 supplementation improves hip bone

geometry and bone strength indices in postmenopausal women. Osteoporos Int 4

2007;18(7):963-72. Epub 2007 Feb 8

]

Sichert-Hellert W, Wenz G, Kersting M. Vitamin intakes from supplements and fortified
food in German children and adolescents: results from the DONALD study. J Nutr
2006;136(5):1329-33
35 Braam LA, Hoeks AP, Brouns F, Hamulyak K, Gerichhausen M, Vermeer C. Beneficial

effects of vitamins D and K on the elastic properties of the vessel wall in postmeno-

pausal women: a follow-up study. Thromb Haemost 2004;91(2):373-80

Correspondence to:

Dr Thilo Krueger

Department of Nephrology and Clinical Immunology
University Clinic of the RWTH Aachen
Pauwelsstrasse 30

52074 Aachen

Germany

tkrueger@ukaachen.de

36 Gage BF, Birman-Deych E, Radford MJ, Nilasena DS, Binder EF. Risk of osteoporotic
fracture in elderly patients taking warfarin: results from the National Registry of Atrial
Fibrillation 2. Arch Intern Med 2006;166(2):241-6

37 Koos R, Mahnken AH, Miihlenbruch G, Brandenburg V, Pflueger B, Wildberger JE, Kiihl
HP. Relation of oral anticoagulation to cardiac valvular and coronary calcium assessed

by multislice spiral computed tomography. Am ] Cardiol 2005;96(6):747-9

38 Brandenburg VM, Cranenburg E, Westenfeld R, Kriiger T, Stenger M, Vermeer C, Schurg-
ers L, Ketteler M. ASN 2006 TH-PO310, JASN Vol 17 abstract issue Nov 2006

148 | Port J Nephrol Hypert 2008; 22(2): 143-148



