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Purpose: Vitamin K deficiency and hence a high level of plasma dephosphorylated undercarboxylated matrix Gla protein (dp-
ucMGP) is frequent in patients on hemodialysis. This group is recommended to restrict their potassium intake which often leads to
restriction of vitamin K rich foods. A menaquinone-7 (MK-7) supplement has been shown to decrease dp-ucMGP, but it has yet to be
examined if a vitamin K rich diet could be equally effective.

Patients and Methods: A prospective randomized crossover intervention trial with two arms; 6 weeks of 360 ug MK-7 tablet/day
and 6 weeks of a vitamin K rich diet with a 3-week washout period in between. Participants were 10 patients in hemodialysis and the
primary outcome measures were changes in dp-ucMGP, total MGP (tMGP), and undercarboxylated osteocalcin (ucOC). Furthermore,
the level of potassium and phylloquinone in broccoli was determined after different durations of boiling.

Results: During the MK-7 intervention the dp-ucMGP and ucOC decreased significantly compared to baseline (—0.42 [-0.93; —0.22]
nmol/L (p=<0.01) and —1.85 [-2.91; —1.30] nmol/L (p<0.01)), while these were unchanged during the dietary intervention (0.03
[-0.64; 0.37] nmol/L (p=1.00) and 0.30 [—1.71; 1.41] nmol/L (p=0.77)). Between the two interventions there was a greater decrease in
ucOC (p=0.02) during the MK-7 compared to the dietary period. No significant changes in the total MGP levels were found in any of
the periods. The retention of potassium following boiling for 2 minutes and 8 minutes was 76% and 49%, respectively, while for
phylloquinone the retention was 92%, and independent of duration of boiling.

Conclusion: A daily MK-7 supplement for 6 weeks lowered dp-ucMGP and ucOC significantly, while a vitamin K rich diet was not
able to induce any significant effect. Boiled broccoli maintains a reasonable content of phylloquinone while potassium is extracted and
is a reasonable source of phylloquinone for patients on hemodialysis.

Keywords: hemodialysis, phylloquinone, menaquinone, nutrition

Introduction
Chronic kidney disease has become a global health problem with a significant mortality that increases with the
progressive decline in estimated glomerular filtration rate (eéGFR).! Patients with end stage kidney disease have been
shown to have low levels of vitamin K,>* which responds well to vitamin K supplementation.” ’ A low vitamin K intake
is associated with increased risk of cardiovascular disease and vascular calcifications®® as well as an increased risk of
bone fractures.”'°

Vitamin K is a fat-soluble vitamin that is found in three forms — phylloquinone (K1), menaquinone (K2), and
menadione (K3)."' Phylloquinone is the main source of vitamin K in the diet and is present in green vegetables and

certain oils, while menaquinone is found in cheeses and fermented foods as well as synthesized by bacteria in the large

International Journal of Nephrology and Renovascular Disease 2022:15 267-276 267
Received: 11 March 2022 © 2022 Lentz et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallable at https://www.dovepress.com/terms.php
A and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

Accepted: 29 September 2022
Published: 17 October 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0270-1711
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Lentz et al Dove

intestine.'? Menaquinone distinguishes itself by its number of isoprene units varying from 1—14. Menadione is a synthetic
analog, but also an intermediate in the metabolism of phylloquinone to menaquinone-4 (MK4)."?

Vitamin K is a coenzyme in the y-carboxylation (activation) of proteins containing the amino acid glutamine (Glu) into
y-carboxyglutamate (Gla).'* In extrahepatic tissue vitamin K activates osteocalcin (OC) involved in bone mineralization'?
and matrix Gla protein (MGP) which is considered an important inhibitor of vascular calcification.'®'® Dephosporylated-
undercarboxylated MGP (dp-ucMGP) and undercarboxylated OC (ucOC) can be used as an indirect measure of vitamin
K deficiency.®'” Total MGP can also be used as an indicator of vitamin K status and includes the different isoforms of MGP
(carboxylated, undercarboxylated, phosphorylated, and dephosphorylated).?*?!

The cause of vitamin K deficiency amongst patients in dialysis was examined in a previous study of ours®* and found
not to be caused by an overall decreased absorption in the gut or washout during dialysis. Low dietary intake of vitamin
K has been indicated by previous studies.® Patients in hemodialysis are often recommended to restrict their potassium
and phosphate intake, consequently also limiting foods rich in vitamin K.>** Dysbiosis due to the uremic milieu may
reduce the intestinal production of vitamin K** and phosphate-binders may bind vitamin K in the gut and reduce the
available vitamin K.*

The objective of this study was to compare the effect of a vitamin K rich diet to a daily MK-7 supplement on the
vitamin K status measured by the plasma concentration of dp-ucMGP, total MGP, and ucOC in patients on hemodialysis.
Furthermore, to investigate if vegetables rich in vitamin K conserve the content of vitamin K while extracting potassium
during boiling.

Materials and Methods
Trial Design and Study Participants

A prospective randomized two-arm crossover intervention study. Patients included were >18 years old and in chronic
hemodialysis treatment (>3 months). Exclusion criteria were warfarin treatment, malabsorptive disease, and intake of
vitamin K supplements. All patients provided informed consent according to the Declaration of Helsinki and the
Municipal Regional Committee gave ethics approval for the investigation (no. H-17036789) and the study was approved
by the Danish Authorities for Data Protection.

Interventions

Participants were allocated by randomization to 6 weeks of 360 pg MK-7/day or 6 weeks of a vitamin K rich diet as the
initial intervention. This was followed by a 3-week washout period and afterwards they were crossed over to the opposite
intervention. The order of the interventions was randomized by consecutive opening of sealed envelopes. The envelopes
were packed by a third person not involved in the clinical study, according to a computer-generated randomization list.
Blood samples were obtained at day 1 of the forthcoming intervention (baseline) and after 6 weeks for both interventions.
During the MK-7 intervention the participants received a daily tablet of 360 pg MK-7 for 6 consecutive weeks. The
tablets were provided by ORKLA AS, Ishgj, Denmark. The tablets contained synthetic MK-7 (K2VITAL®Delta)
produced by Kappa BioScience AS, Oslo.?® Patients were instructed to take the tablet together with foods high in fat
to ensure optimal absorption. For the diet intervention participants were given a list of vitamin K rich foods, and they
were incited to increase their intake of these foods for the 6 weeks (Table 1). The intake of phosphorous binders were
unchanged during the whole study period. The focus was on boiled vegetables, oils, cheese, and meat high in fat, and
adjusting the habitual diet of a person in dialysis. The recommendations were individually modified with a dietician to
consider their dietary restrictions. Plasma (p)-phosphate and p-potassium levels were monitored after 3 and 6 weeks of
intervention to disclose any increase in p-phosphate or hyperkalemia.

The participants filled out a questionnaire regarding the degree of inconvenience of the two interventions. They were
asked after each intervention to assess whether it had been easy, slightly difficult, difficult, very difficult, or even so
difficult that they could not follow the protocol completely. No food frequency questionnaire was applied.

Blood samples were obtained before the dialysis session. Citrated plasma was prepared after standard centrifugation
and stored at —80°C. The content of dp-ucMGP was measured in EDTA plasma at Odense University Hospital using
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Table | List of Vitamin K Rich Foods Given to Participants

Vegetables™® Dairy Products®

Broccoli (KI: 1,513 pg/100 g)* Blue cheese (K| and K2: UN)

Spinach (K1: 482.9 pg/100 g)*’ Cheddar (K1 and K2: UN)

Kale (KI: 828.3 ug/100 g)*’ Hard cheeses (KI: 10.4 ug/100 g + K2: 76.3 ug/100 g)*®
Lettuce (KI: 75.2 pg/100 g)*’ Soft cheeses (KI: 2.6 ug/100 g + K2: 56.5 ug/100 g)*®
Beans (KI: 43 pg/100 g)*’ Whipping cream (K1: 5.1 ug/100 g + K2: 5.4 pg/100 g)*®
Peas (K1: 24.8 pg/100 g)*”

Oils® Others

Soy oil (K1: 183.9 pg/100 g)37 Mayonnaise (K1 and K2: UN)

Rapeseed oil (KI: 127 ug/100 g)*° Egg (KI: 2.1 pg/100 g + K2: 31.4 pg/100 g)®
Olive oil (KI: 60.2 ug/100 g)*’ Meat (K2: 0.1-31 ug/100 g)*®

Notes: “All vegetables contain vitamin K in varying amounts, but especially the ones listed. ®Dialysis patients are recom-
mended no more than 100 g of raw vegetables per day, but an unlimited amount of boiled vegetables as potassium is washed
out during boiling. “No restriction in quantity as they contain no potassium or phosphate. Can be used, for example, on
salads, in smoothies, or in oil shots. The oil is to be stored in a dark container, as vitamin K is degraded by light exposure. Pin
cases of phosphate restriction only one slice of cheese per day is recommended. Source data from references®**° and *Data
from the present study.

Abbreviations: K1, vitamin KI; K2, vitamin K2, UN, unknown.

IDS-iSYS inaKtif MGP analysis. The reference measure was 0.75 nmol/L.>® The content of total MGP and ucOC was
measured at the Department of Medicine, University of Padova, Italy. The quantitative determination of MGP was
performed using the Human MGP—Matrix GLA Protein kit (Cusabio-Pantec, Italy), a competitive ELISA method. For
quantitative determination of the undercarboxylated osteocalcin, we used the Glu-OC EIA Kit MK 118 (Takara Bio Inc.,
Otsu, Shiga, Japan), a solid phase EIA based on a sandwich method that utilizes two mouse monoclonal anti-ucOC
antibodies to detect uc-OC by a two-step procedure.

P-25-OH-vitamin D and International Normalized Ratio (INR) derived from prothrombin time was measured by
routine analyses at the central laboratory of Herlev Hospital (Atellica IM and MediRox Owrens PT).

The effect of the duration of boiling on the content of phylloquinone and potassium in cooked broccoli and the boiled
water was investigated. A total of 100 g broccoli head divided into pieces of 50 millimeters was boiled in 500 mL water
for 2 and 8 minutes. Each treatment was performed in triplicate, and raw broccoli was analyzed to calculate true
retention. Samples of broccoli and boiled water were freeze-dried, homogenized, and vacuum packed, and stored at —20°
C until analysis. The content of phylloquinone in the broccoli and water was determined using LC-APCI-MS/MS?’ and
the content of potassium using ICP-MS at the Technical University of Denmark (DTU).

Statistical Analysis

Sample size was estimated based on the changes in dp-ucMGP found by Westenfeld et al (a=0.05; p=0.20).%° In total, 18
patients were included. Data was presented as the mean and standard deviation (SD), median and interquartile range (IQR), or
percentages, as appropriate. Differences between baseline values and 6 weeks as well as differences between the two
interventions were assessed with the paired Wilcoxon Signed Rank Tests. The association between changes in plasma markers
of vitamin K and level of 25-OH-vitamin D were explored by Pearson correlation. A p-value <0.05 was considered statistically
significant. All statistical analyses were conducted using SPSS (v. 25, IBM, SPSS Statistics).

Results

Baseline Characteristics

A total of 12 participants were enrolled in the study from April 1, 2018 to June 31, 2018. Among them six participants
were randomly allocated to start with the MK-7 intervention and six participants to start with the dietary intervention. In
total 10 participants completed the MK-7 intervention and nine completed both interventions (Figure 1). The baseline
demographic and clinical characteristics of the 10 participants completing the periods are listed in Table 2. Four people
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Figure | Flowchart of participants. A total of |12 patients were enrolled, whereas 10 participants completed the MK-7 intervention and nine completed both interventions.

had a history of cardiovascular disease, including two cases of coronary heart disease, one case of cerebrovascular

disease, two cases of peripheral artery disease, and all four had heart failure.

Effect of MK-7 Supplement and Vitamin K Rich Diet on Dp-ucMGP, Total MGP, and
p-ucOC

The concentrations of dp-ucMGP, total MGP, and p-uc-OC at baseline and after 6 weeks are shown in Table 3. The

baseline dp-ucMGP was more than 2-fold higher than the reference value of 0.75 nmol/L before both interventions.”

8

Table 2 Characteristics of the 10 Participants

Age (years)

Sex (male/female)
Dialysis vintage (months)
BMI

Current smoking
Diabetes

Arterial hypertension
Cardiovascular disease
Cause of ESRD
Diabetic kidney disease
Glomerular disease

Post-renal chronic nephropaty

Unknown

69 [61; 76]
7/3
16 [12; 28]
27.6 [25.94; 31.90]
10%
60%
30%
40%

30%
20%
20%
30%

Notes: Cardiovascular disease was defined as a history of coronary artery
disease, cerebrovascular disease, peripheral artery disease, or heart failure.
Data are given as percentages or median [IQR].

Abbreviations: BMI, body mass index; ESRD, end-stage renal disease.
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Table 3 Changes in Markers of Vitamin K Status

Diet Intervention (n=9) MK-7 Intervention (n=10)
Baseline After 6 Weeks Baseline After 6 Weeks
p-dp-ucMGP (nmol/L) 1.64 [0.99; 2.46] 1.69 [0.94; 2.97] 1.75 [1.12; 2.81] 1.33 [0.79; 1.80]*
p-tMGP (nmol/L) 10.90 [4.39; 68.74] | 46.98 [5.74; 96.96] 3.99 [2.82; 27.38] 17.48 [5.06; 55.42]
p-ucOC (nmol/L) 11.12 [10.05; 13.81] | 11.76 [9.47; 12.66] | 11.82 [10.15; 14.18] | 9.90 [7.17; I1.917*

Notes: dp-ucMGP, t-MGP, and ucOC in plasma at baseline and after 6 weeks of dietary or MK-7 intervention. Data are given as median
[IQR]. Wilcoxon Signed Rank Test was used for comparison of values after 6 weeks of intervention with baseline values. * p<0.05.
Abbreviations: dp-ucMGP, plasma dephosphorylated undercarboxylated matrix Gla protein; total MGP, plasma total matrix Gla protein;
p-ucOC, plasma undercarboxylated osteocalcin.

After 6 weeks of diet intervention there was no significant change in dp-ucMGP (p=1.00), total MGP (p=0.26), or ucOC
(»=0.77). After 6 weeks of MK-7 supplementation there was no significant change in total MGP (p=0.24), but there was
a significant decrease in dp-ucMGP (p=<0.01) and ucOC (p=<0.01). There was no difference in the changes of dp-
ucMGP (p=0.14) or tMGP (p=0.68) between the interventions, but there was a greater decrease in ucOC (p=0.02) during
the MK-7 period compared to the dietary period (Figure 2). The participant who only completed the MK-7 intervention
was not included in the comparison between the two treatments. To examine if the washout period of 3 weeks was
sufficient to prevent carry-over effects, the baseline values before both interventions were compared and showed no
statistical difference for dp-ucMGP (p=0.59), total MGP (p=0.14), or ucOC (p=0.21).

Effect of MK-7 Supplement and Vitamin K Rich Diet on p-25-OH-Vitamin D and INR
To examine the effect of increased vitamin K intake on absorption of other fat-soluble vitamins, p-25-OH-vitamin D was
measured. Baseline and post-intervention values were 96 [90; 127] nmol/L and 97 [77; 97] nmol/L (p=0.37) for the
dietary period and 112 [87; 135] nmol/L and 81 [74—112] nmol/L (p=0.07) for the MK-7 period. There was no significant
difference between the two interventions (—11 [-27; 3] nmol/L vs —16 [-35; —1] nmol/L, p=0.51). There was no
correlation between changes in plasma dp-ucMGP (1=0.235; p=0.576), total MGP (1=0.443; p=0.272), or ucOC (1=
—0.216; p=0.602) and changes in 25-OH-vitamin D.

As a safety measurement, INR was measured at baseline and after the two interventions to examine a potential change
in blood coagulation due to increased vitamin K intake. Baseline and post-intervention values were 0.9 [0.9; 1] and 0.9
[0.9; 0.9] (p=0.08) for diet and 0.9 [0.9; 0.9] and 0.9 [0.9; 0.9] (p=1.00) for MK-7. There was no significant difference
between the two interventions (0 [—0.1; 0] vs 0 [-0.1; 0.1], p=0.53).

A A-p-dp-ucMGP B A-p-tMGP C A-p-ucOC

3 150 4

2 100 —_ 24 T

L = 0

s 1 s 5 S i
g 0 fr—t- oo g 0 D ,,,,, E -2 J-

-1 J_ @ -50- J_ -4
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Diet MK-7 Diet MK-7 Diet MK-7

Figure 2 Changes in markers of vitamin K status. Changes in (A) dp-ucMGP, (B) total MGP, and (C) ucOC from baseline to 6 weeks for the dietary and MK-7 intervention.
The difference between groups was significant for ucOC (p=0.02) but not for dp-ucMGP (p=0.14) or total MGP (p=0.68).

Abbreviations: dp-ucMGP, plasma dephosphorylated undercarboxylated matrix Gla protein; total MGP, plasma total matrix Gla protein; p-ucOC, plasma undercarboxy-
lated osteocalcin.
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Table 4 Phylloquinone and Potassium Content in Broccoli and Boiled Water After 2 and 8 Minutes

of Boiling
Sample Analyte Unit Raw Boiled
2 Minutes 8 Minutes
Broccoli Phylloquinone | pg/100 g 184 (6) I51 (9) 146 (2)
Retention (%) 92 (8) 92 (2)
Potassium mg/100 g 321 (7) 217 (6) 136 (7)
Retention (%) 76 (1) 49 (3)
Boiled water | Phylloquinone ug/100 g <0.001 <0.001
Retention (%) <0.2 <0.2
Potassium mg/100 g 21 (2) 45 (5)
Retention (%) 29 (4) 55 (4)

Notes: Each boiling was performed three times. Data are given as mean (SD).

Assessment of Difficulty of the Intervention and Safety Monitoring
Participants were given a questionnaire to assess the difficulty of the intervention after completion and 80% rated the
MK-7 intervention as easy versus only 10% for the dietary intervention. In total, 40% of participants rated the dietary
intervention as difficult or very difficult versus 0% in the MK-7 intervention period. The dietary intervention was found
so difficult by 30% of the participants that it could not be followed completely, compared to 0% of the participants
reported to be unable to follow the MK-7 intervention.

No harmful increase in p-potassium or p-phosphate was observed throughout the diet period (data not shown).

The Effect of Boiling on the Level of Phylloquinone and Potassium in Broccoli

Potassium and phylloquinone content in broccoli and water after boiling is shown in Table 4. The concentration of
phylloquinone and of potassium was lower in boiled broccoli, and for potassium even lower after 8 minutes than 2
minutes of boiling. During boiling the broccoli absorbed water. For both micronutrients the true retention in the boiled
broccoli was significantly different from 100% (p<0.01 for phylloquinone; p<0.0001). Phylloquinone in boiled water was
negligible (below limit of quantification), whereas potassium diluted in the water during boiling, and a concentration of

potassium of up to 33% of the content in broccoli after 8§ minutes boiling was observed.

Discussion

This pilot study compared the influence of a vitamin K rich diet or supplementation with tablets containing 360 pg of
vitamin K2 on the indirect markers of vitamin K status in a randomized 6-week cross-over trial in patients on
hemodialysis. The main findings were a significant decrease in dp-ucMGP and ucOC after 6 weeks of daily MK-7
supplementation, while a diet rich in vitamin K had no significant effect on these parameters. The effect of boiling on the
content of vitamin K in broccoli was explored. While potassium was washed out during boiling, vitamin K was preserved
in the broccoli.

In the intervention study, the baseline levels of dp-ucMGP were within the same range as previously found amongst
patients on hemodialysis.>>*° This is more than 2-times higher than the levels found in the general population®® and, as
such, the participants were severely vitamin K deficient. After 6 weeks of MK-7 intervention there was a significant
decrease in dp-ucMGP, which is consistent with previous studies,>® while no significant change was detected during the
dietary intervention, indicating a higher effectiveness of the tablet supplementation than the dietary intervention. The
dose of MK-7 used seemed appropriate as dp-ucMGP became close to the levels found in the general population after the
6 weeks of supplementation. The recommended diet consisted of food items both containing phylloquinone and

menaquinones. These foods items mostly contained phylloquinone. Dietary intervention with food rich in menaquinone,
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such as the Japanese natto,”' may have had a more pronounced effect on the vitamin K status. However, such a dietary
recommendation was considered impossible in a Danish population, as this is not a part of the usual Danish diet.

The median ucOC at baseline was lower than previously described in patients on hemodialysis, but higher than in the
healthy population.”?' There was a decrease in ucOC after 6 weeks for both the dietary and the MK-7 intervention, though,
only statistically significant for the MK-7 intervention. There was also a significantly larger decrease in ucOC during the MK-
7 intervention compared to the dietary intervention. This also points towards a higher effectiveness of MK-7 supplementation.
Vitamin K intake is negatively correlated with ucOC>* and ucOC is used as an indirect indicator of vitamin K status. However,
this value reflects a recent vitamin K intake rather than long-term status and it is affected by both PTH and vitamin D which are
often severely changed in terms of hyperparathyroidism and deficiency of active vitamin D in patients on dialysis.**~* As
such, the level of ucOC could have been affected by other parameters than Vitamin K.

The level of t-MGP has previously been found to be significantly higher amongst dialysis patients compared to
healthy controls and found to be associated to cardiovascular disease.”'*> It is proposed that the increased levels of
t-MGP represent increased levels of inactive dp-ucMGP.*> Our study showed no significant effect of neither intervention
on t-MGP and no significant difference between the interventions. As t-MGP reflects the total amount of dp-uc MGP and
carboxylated MGP (cMGP) the present findings probably reflect a shift from dp-ucMGP towards active carboxylated
MGP during the MK-7 intervention, but no change in the total amount of circulating MGP. One study with only a 2-week
intervention period found a significant decrease in t-MGP in young healthy males given a diet rich in corn oil, perhaps
due to a larger number of participants.®® To our knowledge this is the first study to investigate the effect of vitamin
K supplementation on t-MGP amongst patients on hemodialysis treatment.

Vitamin K is a fat-soluble vitamin and could have a competing effect on the absorption of other fat-soluble vitamins such
as vitamin D. Although there was no significant change in 25-OH-vitamin D during either intervention the MK-7 supple-
mentation period did result in a decrease from 112 to 81 nmol/L (p=0.07) in the levels of 25-OH-vitamin D. Our sample size is
very small and possibly skewed and a link between vitamin K and D should be investigated in a larger study. Furthermore, the
influence of vitamin K supplementation on the absorption of vitamin D should be explored in studies with a longer follow-up
as the half-life of 25-OH vitamin D is around 21 days. Therefore, steady state in the level of 25-OH-vitamin D may not have
been reached during 6 weeks of intervention. All participants had 25-OH-vitamin D values above the reference value of >50
nmol/L®’” at both baseline and after intervention, probably due to 50% of the participants receiving native vitamin
D. Therefore, it was not due to low vitamin D status that no significant change was detected. In future larger studies the
vitamin D status should be monitored during longer periods of MK-7 supplementation.

The results from the boiling of broccoli confirms that potassium is washed out during boiling while phylloquinone
shows a high true retention of 92+5%, which is independent of boiling time. The degree of washout of potassium depend

3940 5ur results

on boiling time. It has previously been shown that boiling is effective in potassium removal in vegetables,
differ as the cooking procedure was intended to simulate gently and over-boiled broccoli. And to our knowledge the
phylloquinone content and the retention after boiling has not previously been examined.

The study has a pragmatic design, making it possible to conduct in a routine practical setting, but entails several
limitations. The main limitation was the underpower of the study. A larger sample size may have detected significant
changes in the vitamin K status during the dietary intervention as well as found during the MK-7 intervention.
Another limitation was the lack of an untreated control group to examine the natural change of dp-ucMGP and ucOC
over time. However, the cross-over design eliminated interindividual variation as the participants were their own
controls. The participants found the dietary intervention difficult and the tablet intake easy, which may limit the
applicability of a vitamin K rich diet at least in the Danish dialysis population, or populations with similar dietary
habits. The lacking effect of the diet intervention could preferences when preparing the meals. A dislike towards
strongly boiled vegetables is common. There are probably many gastronomic possibilities for a better compliance to
longer cooking times, although this potentially could cause new problems with the content of water-soluble vitamins.
MK-7 supplementation was chosen due to the longer half-life and increased bioavailability compared to
phylloquinone.*® The results may have differed if K1 supplementation had been provided instead of MK-7. A final
limitation was the lack of assessment of the exact amount of vitamin K intake during the dietary intervention. The
study aimed to examine feasibility of diet intervention compared to MK-7 tablets. Consequently, a comparison was
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made between unspecified doses of multiple forms of vitamin K in the diet and a specified dose of MK-7. In a future
study precise diet registration should be made before and during such intervention. Furthermore, circulating levels of
the different vitamin K forms should be measured throughout to determine if participants actually increase their
intake of vitamin K and to confirm that the MK-7 supplement is consumed.

Conclusion

This pilot study suggested a significant effect of MK-7 supplementation on vitamin K deficiency for patients on
hemodialysis, while dietary advice and instruction of a vitamin K rich dietary intake did not have the same effect on
the vitamin K deficiency. Boiling vegetables such as broccoli for a longer period is a possible source of phylloquinone for
patients on dialysis respecting the potassium restrictions.
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