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Abstract: (1) Background: Vitamin K deficiency is a common feature of chronic kidney disease
(CKD), leading to impaired bone quality and increased risk of vascular calcifications. A method to
indirectly measure Vitamin K status is measuring the blood level of Vitamin K dependent proteins
(VKDP)- osteocalcin (OC) and matrix GLA protein (MGP). The aim of this study is to correlate the
level of OC and MGP with markers of CKD mineral bone disorder (CKD-MBD). (2) Methods: We
conducted a single-center cross-sectional study that included 45 CKD G5D patients and measured
blood biochemistry, complete blood count and intact osteocalcin and matrix GLA protein. (3)
Results: We found a strong statistically significant correlation of OC with the markers of CKD-MBD
such as: iPTH , serum calcium and serum phosphorus and a strong indirect statistically significant
correlation with abdominal circumference. There was also a statistically significant correlation of
MGP with markers of inflammation (CRP). Higher levels of MGP were found in patients treated
with vitamin K antagonists, non-calcium based phosphate binders and vitamin D receptor activator-
paricalcitol. (4) Conclusions: In our study, we found that vitamin K deficiency, measured indirectly
using VKDP levels is associated to CKD-MBD. Certain widely used medications such as phosphate
binders reduce vitamin K absorbtion, supplementary Vitamin D increases Vitamin K requirements
and also vitamin K antagonists influence the blood level of VKDPs.
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1. Introduction

End stage renal disease (ESRD) patients have a very high cardiovascular (CV) burden, due to
both traditional (hypertension, diabetes, smoking, age) and non-traditional (CKD-associated mineral
bone disorder, inflammation, uremic toxins) risk factors (1). CKD associated mineral bone disease
(CKD MBD) includes a vast array of imbalances including high calcium x phosphorus product, high
FGF23, low vitamin D levels or high parathormone (PTH) (2). Patients on renal replacement therapies
(RRT) are reported to have particular cardiovascular presentations such as arterial medial
calcifications, heart valve calcifications and calcific arteriolopathy (1). Moreover, once they have
occurred, calcification processes are considered largely irreversibile (3). In light of these clinical
observations, the mortality of ESRD patients is largely accounted by CV factors and is 30 times higher
than in the same age matched general population (4). Multiple efforts have been made in order to
find therapeutic approaches.
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More recently, novel molecules involved in accelerated calcifications have been identified, with
vitamin K status disturbances being a key factor in the pathogenic processes.

Vitamin K deficiency is a frequent finding in CKD patients, particularly dialysis patients (5). The
underlying mechanism of vitamin K deficiency is a combination between increased consumption in
order to produce vitamin K dependent calcification inhibiting proteins and reduced intake, due to
low potassium and phosphate diets.

Vitamin K is a fat soluble vitamine which constitutes the substrate for several vitamin K
dependent proteins (VKDPs), some of them involved in the coagulation cascade, cellular adhesion
and migration, bone and vascular homeostasis. The VKDPs implicated in calcification processes are
Matrix Gla protein (MGP), osteocalcin (OC), bone Gla protein, growtharrest-specific protein 6, and
Gla-rich protein (6). In order to assess vitamin K status, instead of measuring the plasma level of
Vitamin K, that is difficult, a valid indirect and more accessible method is to measure ucOC and
ucMGP through ELISA, increased levels reflecting a vitamin K deficiency

MGTP is transformed in an active form through phosphorylation and vitamin K dependent
carboxylations. The MGP inactive form (dephosphorylated-uncarboxylated MGP- dp-ucMGP)
reflects the subject’s vitamin K status and higher levels have been associated with increased ectopic
calcifications (7).

Osteocalcin (OC) is produced by osteoblasts and has a role in increasing mineral bone density.
OC transformation from its uncarboxylated form to its fully functional carboxylated form is vitamin
K mediated. Increased Uncarboxylated OC is, along with ucMGP, a marker of vitamin K deficiency
(8).

There are several therapeutic interventions available in order to control CKD-MBD. According
to the calcium-phosphate balance, PTH and (1,25) OH vitamin D levels, current guidelines (9)
recommend the use of phosphate binders, calcitriol, vitamin D analogs or calcimimetics. The use of
these medications has been implied extensively in order to reduce vascular calcifications and hence,
cardiovascular burden. The interaction between these drugs and VKDPs has been less studied.
Moreover, current vitamin K status is not routinely assessed in ESRD patients, therefore reports
regarding possible interactions between concurrent medications and vitamin K deficiency are scarcer.

Vitamin K homeostasis is altered in ESRD patients requiring warfarin-based anticoagulation.
Warfarin prescription for ESRD patients is implied in order to reduce stroke risk in patients with
atrial fibrillation or prosthetic valves, but sometimes also in order to preserve vascular access patency.
Warfarin acts through the inhibition of a vitamin K epoxide reductase enzyme and contributes to
ectopic calcification processes by reducing the activity endogenous mineralization inhibitors (10).

The present study aims to assess OC and MGP levels in a cohort of hemodialysis patients and
their relationship to CKD-MBD markers, nutritional status as well as concomitant medications.

2. Materials and Methods

We conducted a single center cross sectional study including 45 CKD G5D patients, all patients
undergoing maintenance hemodialysis for 6 months to 10 years. All procedures were in accordance
with the ethical standards of the institutional research committee and with the Declaration of
Helsinki.

Clinical and biochemical evaluation

We collected pre-dialysis blood specimens in every fasting patient after prior informed consent.
We obtained the following parameters: iPTH, calcium, phosphorus, serum albumin, intact OC, MGP,
serum albumin, serum C reactive protein. In every patient the physical exam has been performed
before the dialysis session (including assessment of weight, height, BMI, abdominal circumference).

We recorded in every included patient demographical data, (including gender, age), as well as
medical history- dialysis vintage, CKD etiology, history of comorbidities such as diabetes mellitus,
presence of coronary heart disease, presence of stroke, history of fractures. The use of concomitant
medication for CKD associated mineral bone disease use was also recorded (including paricalcitol,
phosphate binders, vitamin D supplements), as well as treatment with vitamin K antagonists.

Statistical analysis
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We used MedCalc Software, version 12.5.0 (MedCalc, Mariakerke, Belgium) for the statistical
analysis. We used the Kolmogrov-Smirnov test to assess the distribution of numeric variables. For
variables with a normal distribution, we calculated the means and standard deviations. For group
comparisons of continuous variables with a normal distribution, we used Student t tests, and we used
Mann-Whitney U tests for variables with a non-normal distribution. For the correlations we used the
Spearman rank correlation test.

3. Results

The study enrolled 45 patients on hemodialysis. The characteristics of the studied lot are
presented in Table 1. The mean levels of the VKDP measured in our patients were as follows: mean
OC value was 169.06 +/- 128.28 ng/ml, while mean MGP was 3285.93 +/- 2092.85 pmol/L.

Table 1. Characteristics of the studied patients group.

Variable Mean values
Age (years) 64.3+/-10.8
Gender female 19:26 male
BMI (kg/m?) 28.08+/-4.4
Abdominal circumference (cm) 115.89+/-18.12
Serum albumin (g/dl) 3.66+/-0.2792
Dialysis vintage (years) 3.78+/-2.65
Hemoglobin (g/dl) 11.09+/-1.183
Hematocrit (%) 33.58+/-3.8982
Serum calcium (mg/dl) 9.18+/-0.82
Serum phosphorus (mg/dl) 5.63+/-1.41
iPTH (pg/ml) 198.12+/-130.1
Bicarbonate (mEq/1) 21.46+/-2.578
Predialysis K (mmol/l) 5.47+/-1

CRP (mg/dl) 14.71+/-15.34

There was a strong statistically significant correlation of OC with CKD-MBD markers such as:
iPTH (r= 0.48, p= 0.0007), serum Calcium (r=0.49, p= 0.0005) and serum Phosphorus (r= 0.29, p=0.04).
We found no statistically significant correlation between MGP and iPTH, serum calcium and serum
phosphorus. Only two out of 45 patients presented a history of bone fractures.

Concerning the relationship with the patients’ nutritional status, we found no statistically
significant correlations of the assessed VKDP with BMI and serum albumin values. However, we did
find a strong indirect statistically significant correlation of OC with the subjects’ abdominal
circumference (r=-0.43, p= 0.003). Furthermore, we came across a statistically significant correlation
of MGP levels with markers of inflammation (CRP) (r=0.55, p=0.004).

We found no statistically significant differences in regard to the level of VKDP of patients with
and without history of different co morbidities, such as diabetes mellitus (13/ 45), coronary heart
disease (18/ 45) or stroke (5/ 45).

The subgroup of patients undergoing treatment with vitamin K antagonists (13 out of 45)
presented with significantly higher levels of MGP (5693.0+/- 1728.64 vs. 2276.5 +/- 1232.54 pmol/l,
p<0.01) (Figure 1). Those treated with non-calcium-based phosphate binders (20 patients) presented
with significantly higher levels of MGP when compared to patients treated with calcium-based
phosphate binders (15 patients) (4089.2 +/- 2045.79 vs. 2134.86 +/- 1944.63 pmol/l, p=0.019) (Figure 2).
We found that patients treated with vitamin D receptor activator- paricalcitol (20 patients) had
significantly increased levels of MGP (4224.55 +/- 2162.32 vs. 2503.75 +/- 1709.31 pmol/l, p=0.005)
(Figure 3).


https://doi.org/10.20944/preprints202308.1560.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 August 2023 d0i:10.20944/preprints202308.1560.v1

9000
8000
7000
6000
5000
4000
3000
2000
1000

L

protein_pmol

matrix Gla

T T rr~r-rr-r-rr-T1rrT

No Yes
VKA

Figure 1. The group of patients undergoing vitamin K antagonists’ treatment (13 out of 45) had
significantly higher levels of MGP (5693.0+/- 1728.64 vs. 2276.5 +/- 1232.54 pmol/l, p<0.01).
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Figure 2. The group of patients undergoing non-calcium-based phosphate binder treatment (20
patients) had significantly higher levels of MGP compared to those treatedwith calcium-based
phosphate binders (15 patients) (4089.2 +/- 2045.79 vs. 2134.86 +/- 1944.63 pmol/l, p=0.019) (0- no
phosphate binder (PB); 1- non-calcium based PB; 2- calcium based PB).
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Figure 3. The group of patients treated with vitamin D receptor activator- paricalcitol (20 patients)
was associated to significantly increased levels of MGP (4224.55 +/- 2162.32 vs. 2503.75 +/- 1709.31
pmol/l, p=0.005).

4. Discussion

In the last years the central role of Vitamin K in vascular calcifications, cardiovascular and bone
disease has become evident. Several studies have been performed assessing the link between vitamin
K metabolism and mineral-bone disease in CKD patients. CKD patients, and especially patients
treated with hemodialysis are vitamin K deficient. In a study performed by Wikstrom et al it has been
shown that dialysis patients were 100% vitamin K deficient, not due to HD wash out or absorption
capacity (11), but due to low vitamin K intake. Low vitamin K intake could be due to potassium
sparing diets which restrict the consumption of leafy greens, rich in vitamin K. The consequences of
vitamin K deficiency are mainly related to CKD- MBD.

In the present study, we obtained a significant correlation between OC, and not MGP, with
markers of CKD-MBD. OC is secreted in bones by osteoblasts and plays a role in the synthesis and
regulation of bone matrix (12. Similar to our results Elliott M] et al (13)), have found that a higher
calcium-phosphorus product and a higher PTH were associated to higher values of
undercarboxylated OC. By contrast to our observations, Kurnatowska et al (14) found significant
associations between dp-ucMGP and serum PTH and FGF23 levels, as well as higher dp-ucMGP
levels in patients with higher calcium-phosphorus product.

The link between poor vitamin K status and bone health has also been proven in clinical studies
assessing the incidence of fractures in CKD patients. Kohlmeier et al. showed in an observational
study the relationship between low levels of Vitamin K and bone fractures (15). The VIKI study,
conducted by Fusaro et al. (16), an observational study on a large group of dialysis patients, showed
a direct relationship between vitamin K1 deficiency and vertebral fractures (vitamin K1 deficiency
being the strongest predictor of vertebral fractures), but also with vascular calcifications. In our study
we could not find any statistical correlation between vitamin K status and bone fractures because of
the low number of patients with history of fractures (2 patients).

Regarding CKD-MBD treatment, we obtained significant associations between vitamin K status
and non-calcium-based phosphate binders and paricalcitol. Neradova et al (17) performed an in vitro
study regarding the interaction between different phosphate binders and Vitamin K2. They showed
that succroferric-oxyhydroxide and sevelamer carbonate were the only medications that did not bind
vitamin K2, while calcium-based phosphate binders and lanthanum carbonate ligate vitamin K2.
Similar to our results, the Viki Study (16) also observed the link between concomitant treatment for
CKD-MBD versus OC and MGP levels. They observed that vitamin D analogs (such as paricalcitol)
increase the levels of OC and MGP. The potential link between CKD MBD and vitamin K2
metabolism may be of particular clinical interest, given the fact that the choice of medication should
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take into account the prevention of vascular calcifications as well. The studies regarding this topic
are however scarce, and further RCTs would be useful to determine the benefit of certain medication
classes over others.

Due to the fact that Vitamin K is known to be a protective factor against vascular calcifications,
another consequence of vitamin K deficiency is the fact that it contributes to the high burden of
vascular calcifications in CKD patients.

Multiple studies suggest that MGP accumulates in atherosclerotic calcified vessels (17,18). The
great involvement of MGP in arterial calcifications has been proven in animal model studies. Thus,
uremic rats displayed a larger expression of ucMGP in aortic plaques than those with normal renal
function (19). Moreover, the same authors hypothesized that treatment with vitamin K may be able
to reverse the calcification process.

The association between the level of VKDP and the presence of vascular calcifications, and also
with the endpoint of cardiovascular or all-cause mortality has been shown across numerous cross-
sectional or prospective studies performed in CKD patients.

The levels of dp-ucMGP are usually severely elevated in ESRD patients and correlate with
vascular calcifications. On a cohort of predialysis patients, Schurgers et al (20) showed that dp-
ucMGP increases with CKD stage and associates with abdominal aortic calcifications as well as with
higher all-cause mortality. Regarding dialysis subjects, Schlieper et al. (21) showed higher all-cause
mortality in patients with higher levels of dp-ucMGP. A meta-analysis conducted in 2019 by Zhang
et al. including 21 articles found that elevated dp-ucMGP was associated with all-cause mortality, CV
disease mortality and stroke (22).

In our study, we did not find any significant correlation between previous cardiovascular events
(stroke or coronary heart disease) and levels of MGP and OC. This a surprising finding given the fact
that cardiovascular events in dialysis patients rely on accelerated atherosclerosis and vascular
calcifications as an underlying pathophysiologic mechanism (14).

Another key point assessed in our study was the relationship between VKDP and malnutrition-
inflammation. It seems that vitamin K plays a key role in counteracting inflammation, oxidative stress
and senescence. The link between malnutrition and arterial calcifications in HD patients has been
studied by Zhang et al. (23). The study included 68 chronic dialysis patients, and obtained that MGP
immunostaining in calcified radial arteries positively correlated to calcium x phosphorus product,
albumin, and with the modified quantitative subjective global assessment. In our study, we did find
a significant correlation between the inflammatory marker — CRP and VKDP. Persistent, low-grade
inflammation is a novel non-traditional risk factor for accelerated atherosclerosis, either on its own,
or included in the MIA syndrome (malnutrition-inflammation- atherosclerosis syndrome). Even
though the molecular pathway through which vitamin K is involved in oxidative stress, DNA
repairing and inflammation is well known, the relationship between inflammatory markers and
Vitamin K in dialysis patients has not been extensively studied.

Regarding concomitant medication, in our study, patients treated with vitamin K antagonists
(VKA) showed higher levels of MGP (p<0.01). This result is concordant to the available literature (24).
Taking into account this mechanism, patients on dialysis, who are already vitamin K deplete and take
warfarin are much more prone to develop vascular calcifications (25). Randhawa et al conducted a
meta-analysis on patients with ESRD and atrial fibrillation and found that 22% were on warfarin
treatment (26). In the context of extensive warfarin use and CKD MBD in ESRD patients, Vitamin K
supplementation was mitigated to have potential benefits. Neither the RenaKvit study (27), nor the
Valkyrie study (28) have showed that vitamin K2 supplementation in clinical practice can reduce
vascular stiffness or calcifications in dialysis patients, and so did the VIKTORIES trial (29) in
transplanted patients. Thus, there is no evidence yet to support the protective effects of vitamin K
supplementation against vascular calcification in CKD patients as it has been also proven by a
recently published metanalysis (30).

Regarding anticoagulation in patients on hemodialysis, considering the potential harmful effects
of VKA, the question is if they could be replaced by direct oral anticoagulants (DOAC). There is no
evidence that DOAC therapy would be unsafe or less effective than VKA, but most studies are
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retrospective studies. There are however 2 RCTs showing non-inferiority of DOAC (apixaban) vs.
VKAs in hemodialysis patients regarding safety and efficacy (31,32) and one RCT (rivaroxaban vs.
VKA) that shows a superior risk-benefit profile of DOACs versus VKAs and suggests that VKAs
should be avoided in patients on hemodialysis (33).

The major limitations of our study are that it is a cross sectional analysis, single-centered small
lot of subjects. Moreover, no quantitative or qualitative data was included regarding the presence of
vascular calcifications in our study group. The associations obtained with features of malnutrition
inflammation syndrome were scarce, but may be used as a hypothesis for a further more detailed
analysis.

5. Conclusions

In our study, we found that vitamin K deficiency is associated to CKD- MBD and could be
influenced by features of malnutrition-inflammation. Not only can vitamin K metabolism represent
a hidden link between the various pathophysiological processes involved in the accelerated vascular
calcifications of ESRD patients, but it can also be influenced by the use of certain medications, such
as vitamin K antagonists, vitamin D receptor activators and non-calcium-based phosphate binders.
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