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Vitamin K contributes to bone health, probably through its role as cofactor in the carboxylation of osteocalcin. Intervention studies in adults have

demonstrated that markedly higher osteocalcin carboxylation is obtained by intakes of vitamin K well above the current recommended dietary

intake. However, the relationship between increased vitamin K2 intake and enhanced osteocalcin carboxylation has never been shown in healthy

children. The objective was to study the effect of 45mg menaquinone-7 (MK-7; one of the vitamin K2 species) on the circulating levels of under-

carboxylated osteocalcin (ucOC) and carboxylated osteocalcin (cOC) in healthy prepubertal children. We hypothesised that MK-7 supplementation

will reduce the ucOC:cOC ratio (UCR), indicating an improved vitamin K status. The present study is a double-blind randomised placebo-

controlled trial examining the effect of 8 weeks MK-7 supplementation on the carboxylation of osteocalcin in healthy children (n 55). Serum

levels of ucOC, cOC and MK-7 were measured at baseline and after 8 weeks, together with bone markers and coagulation parameters. The

UCR was used as an indicator of vitamin K status. In the MK-7-supplemented group (n 28), the circulating concentration of inactive ucOC reduced

and the UCR improved whereas the concentration of MK-7 increased. Within the placebo group, ucOC, cOC, UCR and MK-7 did not significantly

change over time. In both groups, bone markers and coagulation parameters remained constant over time. These findings demonstrate that in healthy,

prepubertal children, modest supplementation with MK-7 increases circulating concentrations of MK-7 and increases osteocalcin carboxylation.

Children: Vitamin K: Osteocalcin: Undercarboxylated osteocalcin: Menaquinones: Menaquinone-7

Since its discovery in the 1930s, the importance of vitamin K
in physiological processes other than blood coagulation
has become increasingly clear. Several studies in adults
suggest a beneficial role for vitamin K in bone mineral
metabolism and bone fracture prevention, although precise
mechanisms have not been elucidated(1 – 3). A well-recognised
concept is the vital role of vitamin K as a cofactor in the
post-translational g-carboxylation of osteocalcin, a protein
synthesised by osteoblasts(4,5). In this carboxylation process,
glutamate residues are converted into g-carboxyglutamate
(Gla)(6). These Gla residues have a high affinity for Ca
(Ca2þ) which is an essential property of all Gla proteins. A
poor vitamin K status will lead to production of undercarboxy-
lated (i.e. inactive) osteocalcin (ucOC)(7). In the healthy adult
population, osteocalcin is carboxylated to a variable extent,
suggesting that the dietary vitamin K intake is often
insufficient for full osteocalcin carboxylation(8). Previous
studies in postmenopausal women found a clear association
between elevated ucOC and increased fracture risk(9 – 11).

Recently, we reported that the majority of healthy children
aged between 6 and 18 years have high circulating levels of
ucOC compared with adults(12). In addition, the amount of

ucOC relative to the carboxylated fraction of osteocalcin
(cOC) was also high in these children. This ucOC:cOC ratio
(UCR) is used as an indicator for the vitamin K status(5,13).
An elevated UCR is indicative of an inferior vitamin K
status of bone and relates to lower nutritional vitamin K
intakes(8,13). O’Connor et al. reported that in healthy girls
aged 11–12 years, better vitamin K status was associated
with increased bone mineral content(14). In an observational
study in healthy peripubertal children, we showed that
improvement of vitamin K status over 2 years was associated
with a marked increase in bone mineral density(15).

These findings justify clinical intervention studies in children
in whom bone quality is monitored as a function of long-term
vitamin K supplementation. Before undertaking such long-
term intervention studies, the effect of increased vitamin K
intake in healthy children on osteocalcin carboxylation has to
be established. Intervention studies in adults have already
demonstrated that markedly higher osteocalcin carboxylation
is obtained by intakes of vitamin K well above the current
recommended dietary intake(16,17). The two most important
forms of vitamin K are phylloquinone (vitamin K1) and the
group of K2 vitamins (menaquinones; MK-n). A recent report

*Corresponding author: Marieke J. H. van Summeren, fax þ31 88 7555349, email m.j.h.vansummeren@umcutrecht.nl

Abbreviations: cOC, carboxylated osteocalcin; Gla, g-carboxyglutamate; MK, menaquinone; ucOC, undercarboxylated osteocalcin; UCR, ucOC:cOC ratio.

British Journal of Nutrition (2009), 102, 1171–1178 doi:10.1017/S0007114509382100
q The Authors 2009

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114509382100  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114509382100


by Schurgers et al. showed that MK-7, a form of vitamin K2

which is particularly abundant in fermented soyabeans (natto),
has possible advantages in comparison with phylloquinone, lar-
gely due to its long half-life time(18). In this intervention study,
adult volunteers received a daily dose of equimolar amounts
(0·22mM) of either MK-7 (150mg) or phylloquinone (100mg)
during 6 weeks. The dosage of 100mg phylloquinone was
chosen based on the median intakes of vitamin K in adults.
The extent of osteocalcin carboxylation was significantly
higher in the MK-7 group compared with the K1 group. At the
end of the intervention period, a still-increasing carboxylation
of osteocalcin was seen in the MK-7 group, whereas the K1

group had already reached a plateau phase.
The relationship between increased MK-7 intake and

enhanced osteocalcin carboxylation has never been shown in
healthy children. It is reasonable to infer that MK-7 will
improve osteocalcin carboxylation in children but to what
extent is unclear. Therefore, we set up a randomised controlled
trial in healthy children using an MK-7-containing food
supplement to study its effects on the circulating levels
of ucOC and cOC in healthy prepubertal children. We
hypothesised that MK-7 supplementation reduces the UCR,
indicating an improved vitamin K status. To exclude a
potential effect of high vitamin K on haemostasis, the highly
sensitive endogenous thrombin potential was monitored in
all samples at baseline and at the end of the study.

Subjects and methods

Study design

The present study is a double-blind randomised placebo-
controlled intervention study. Subjects were recruited from
two primary schools around Utrecht, the Netherlands. Inclusion
criteria were apparently healthy prepubertal children aged
between 6 and 10 years, normal (3rd to 97th percentile) height
and weight according to standard growth charts and parents
giving written consent for the child to take part in the study.
We chose this age category because these children are most
likely to be in a prepubertal state when bone turnover is fairly
stable. In this way, we were able to study the effect of vitamin
K on osteocalcin carboxylation without possibly confounding
effects from rapid changes in bone metabolic activity
which may occur during puberty and may influence vitamin K
status(12,19). Exclusion criteria were current or previous medical
diseases such as metabolic or gastrointestinal disease, soya
allergy, chronic inflammatory diseases and current use of
systemic corticoid treatment, vitamin supplements containing
vitamin K or oral anticoagulants. The exclusion criterion ‘soya
allergy’ was introduced because the vitamin K-containing
capsules used in the study may contain traces of soya proteins
originating from the natto extract. The study protocol was
approved by the Central Committee on Research involving
Human Subjects (CCMO; The Hague, the Netherlands).

Subjects and study procedures

The total eligible group consisted of 240 children. A total of
55 children met the criteria for participation, and were
included in the present study. Enrolment took place in January
2007. One investigator was responsible for the intake of

participants and supervision of the study. Participants were
randomised into two groups by computer-generated random
permutation procedures: those receiving a placebo (n 27)
and those receiving a supplement containing 45mg MK-7
(n 28) during 8 weeks. Based on previous observations from
studies in adults in whom the maximal effect on osteocalcin
carboxylation is seen after an intervention period ranging
from 3 to 8 weeks, we chose an intervention period of
8 weeks(16,17). The randomisation schedule was generated by
an investigator not involved in the coordination of the study
and kept apart during the trial. A block randomisation was
performed for sex, in order to avoid unequal distribution of
boys and girls in the two intervention groups.

After randomisation, subjects and their parents were invited
for a study visit in which the study capsules were handed out.
Participants were instructed to take one capsule per d during
8 weeks during the main (evening) meal. During this visit, a
short physical examination was performed and blood was
taken by venepuncture. Furthermore, body height and weight
were measured in a standardised manner without shoes and
heavy clothing, to the nearest 1 cm and 100 g, respectively.
From these values, the BMI (weight (m)/height (kg)2) was
calculated. The values of height, weight and BMI were com-
pared with reference values for healthy subjects matched for
age and sex, and standard deviation scores were calculated(20).
Participants and parents were advised to continue their usual
activities and maintain their normal diets during the study
period. Co-medication was allowed with the exception of
other vitamin supplements, oral anticoagulants and corticos-
teroid treatment. At 2, 4 and 6 weeks, short phone calls
were scheduled to inform about the occurrence of adverse
events and possible side-effects of the study capsules. At
8 weeks, the final visit was planned in which the second
venepuncture was performed. Compliance was monitored
using a calendar on which the daily intake of the study
supplement had to be recorded. Also, the parents were
requested to hand in the remaining capsules and capsule
container at the end of the study.

Intervention

Placebo- and vitamin K-containing capsules (MenaQ7)
provided by NattoPharma (Oslo, Norway) were similar in
taste and appearance, and were thus indistinguishable for
participants and investigators. Both capsules contained equal
amounts of linseed oil (210 mg). The dosage of 45mg and
explicit choice for the vitamer MK-7 are based on results
from a previous study in which the effects of MK-7 on bio-
availability and osteocalcin carboxylation were compared
with phylloquinone(18). In this study, a dosage of 150mg
MK-7 was used for adults (estimated weight 80 kg). This
dosage was calculated to the body weight of children (aged
6–10 years; estimated average weight 25 kg), leading to a
dosage of 45mg MK-7 for children.

Collection and preparation of samples

Non-fasting blood samples were obtained in fifty-three
children at baseline and at the end of the study after
8 weeks. For each child the two venepunctures were per-
formed at the same time of the day, i.e. morning or afternoon.
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After blood sampling and serum preparation, all samples were
frozen and kept at 2808C until use.

Experimental techniques

Serum carboxylated and undercarboxylated osteocalcin.
ucOC and cOC were measured in serum by ELISA (Takara
Shuzo Co. Ltd, Shiga, Japan). Levels of MK-7 were measured
in serum by HPLC as described previously by Schurgers &
Vermeer(21).

Bone markers. To confirm the stability of bone metab-
olism over the study period, two biochemical markers of
bone turnover were measured. Bone alkaline phosphatase
(Hybritech, Liège, Belgium) was measured as a marker of
bone formation by RIA. As a marker of bone resorption,
N-telopeptide cross-links of collagen breakdown (Ostex Inter-
national, Inc., Seattle, WA, USA) were determined.

Coagulation parameters. The hypothesis that supplemen-
tation of MK-7 in healthy children has no procoagulant
effect and is therefore safe was tested by monitoring the
course of thrombin in time as described in detail by Hemker
& Beguin(22). By this method two variables are determined:
the endogenous thrombin potential, representing the total
amount of thrombin which can be generated in plasma through
the extrinsic pathway, and the thrombin maximal peak height,
representing the maximal thrombin concentration reached
after activating the coagulation cascade. The principle of the
technique is that a fluorogenic substrate is added to clotting
plasma, whereby the thrombin formed converts the substrate
into a fluorophore, the signal of which is measured continu-
ously by a fluorometer; the signal is than calibrated using
the thrombin calculator.

All samples were analysed using the same assay lot run to
reduce inter-assay variation.

Outcome parameters and power calculation

The primary outcome of the study was the percentages
of change in UCR from baseline (0 weeks) to endpoint
(8 weeks) in both treatment groups. Secondary outcomes
were the percentage of change in the absolute concentrations
of circulating ucOC, cOC and MK-7. The desired effect of
the vitamin K treatment in the present study was to reduce
the UCR in children to the average level of young adults. The
expected difference in UCR between the treatment and control
group is based on reference values found in a previous study in
which the average UCR level was 0·8 in young adults and 2·3
in children(12). The sample size was calculated on the assumption
that the expected effect was a minimum reduction of 20 % in
UCR from baseline to endpoint (8 weeks) in the treatment
group compared with the placebo group with a 90 % power and
a 0·05 level of significance. With the assumption of a drop-out
rate of 10 % over the total study period, we calculated that at
least twenty-five subjects had to be included in each group.

Statistical methods

Normality of distribution for all subjects was checked for
all study parameters using histograms. Normally distributed
baseline characteristics of both the placebo and treatment
groups were compared using independent t tests. A x2 test

was performed to compare the distribution of sex across
groups. Differences at baseline as well as percentage of
change in ucOC, cOC and UCR from baseline to endpoint
between groups were assessed using Mann–Whitney tests.
In the placebo and treatment groups separately, differences
in ucOC, cOC and UCR from baseline to follow-up were
examined using Wilcoxon signed-ranks tests for paired vari-
ables. Statistical analyses were performed using SPSS Base
12.0.2 for Windows (SPSS, Inc., Chicago, IL, USA) with
two-sided significance levels of 5 %.

Results

Figure 1 shows the flowchart for treatment of participants in
the study. All included children completed the intervention
period of 8 weeks. However, we had missing data in several
children because the venepuncture failed and no or insufficient
blood could be drawn.

The majority of children (66·7 % of the placebo group and
71·4 % of the treatment group) reported to have never
missed their daily capsule. In the placebo group, nine children
missed on average two capsules (range one to three) during
the study period. In the treatment group, eight children
missed on average three capsules (range one to seven)
during the study period. The compliance as reported on the
calendar by the children was in accordance with the remaining
capsules in the containers, and confirmed by the parents. No
side-effects were reported during the study.

The baseline characteristics for the placebo and treatment
groups are shown in Table 1. The groups were comparable
in age, height, weight, BMI and distribution of sex. Markers
representing the vitamin K status of bone (UCR, ucOC and
cOC) were also similar across groups. Also, the level of
MK-7 was comparable between the placebo and the vitamin
K groups. A large range of ucOC, cOC and the UCR was
found in both groups at baseline.

Figure 2 shows the absolute values of ucOC, cOC, UCR and
MK-7 at baseline and after 8 weeks in the placebo and treat-
ment groups. Within the treatment group, ucOC and UCR
decreased significantly from baseline to endpoint. The cOC
increased slightly but this was a near-significant increase,
whereas the level of MK-7 increased significantly. The
increased level of MK-7 in the vitamin K group also demon-
strates the compliance rate with the treatment.

Within the placebo group, ucOC, cOC and UCR did not
change over time. In Table 2, the median and range of the per-
centages of change (%D) in ucOC, cOC, UCR and MK-7 from
baseline to endpoint in the placebo and treatment group are
shown. The %D in ucOC, UCR and MK-7 in the treatment
group was significantly different from the placebo group
whereas the difference in %D in cOC between groups was
nearly significant.

The median and range of the percentages of change in non-
vitamin K-dependent variables are also shown in Table 2.
No significant differences were observed for any of the
parameters measured.

Discussion

The present study shows that supplementation with 45mg
MK-7 during 8 weeks in healthy prepubertal children
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improves vitamin K status as indicated by the UCR. In the
MK-7-supplemented group, the circulating concentration of
the inactive fraction of osteocalcin, ucOC, decreased. Further-
more, no increase of procoagulant activity was noted in the
treatment group, indicating that supplementation with MK-7
is safe. The present study represents the first randomised
controlled trial using MK-7 and its effect on osteocalcin
carboxylation in healthy children.

Until now, only three studies in children, all paediatric
patients, have reported on vitamin K supplementation and
all three showed a positive effect on osteocalcin carboxyla-
tion(23 – 25). In a 4-week cross-over study in eighteen cystic
fibrosis patients (aged 13–35 years) using 5 mg phylloquinone
weekly, Beker et al. noted an increase in serum ucOC
when patients were off supplementation(24). Nicolaidou et al.
studied twenty cystic fibrosis patients (aged 6–17 years)
who received 10 mg phylloquinone per week during 1 year
and they reported a decrease in ucOC concentrations that
was even under the ucOC level of twenty-five healthy
controls (aged 8–17 years)(23). Findings from a randomised
controlled trial in forty children with classical galactosaemia
(aged 3–18 years) by Panis et al. showed a significant
increase in cOC and decrease in ucOC after 1 year in children
receiving a daily dose of 1·0 mg phylloquinone together
with Ca and vitamin D3

(25). The dosage of phylloquinone
used in these studies is quite high, probably because these
children had an established risk of (subclinical) vitamin K
deficiency due to malabsorption associated with their under-
lying condition.

In the present study, we used a supplement containing an
amount of vitamin K approximating the median intakes for
adults, in addition to habitual dietary vitamin K intakes.

At present, the estimated average requirement of 30–75mg
vitamin K/d for children (1–18 years) in the USA is based
on the median intakes of vitamin K in adults(26). These intakes
are aimed at the maintenance of normal concentrations of
the hepatic vitamin K-dependent protein prothrombin, and
not of the other vitamin K-dependent proteins (for example,
osteocalcin). Thus, dietary vitamin K levels that are sufficient
to maintain the hepatic production of normal blood coagu-
lation factors may be too low for optimal carboxylation of
the extra-hepatic Gla proteins(13). In the present study, levels
of prothrombin and endogenous thrombin potential in both
groups did not change over the study period, indicating
sufficient habitual dietary vitamin K intake for the
generation of normal blood coagulation factors in the liver.
The absolute amount of circulating ucOC is generally used
as a marker of extrahepatic vitamin K status, but is mainly
determined by two factors: bone turnover and bone vitamin
K stores(13,27,28). Vitamin K status in children is preferably
based on the UCR or the quantity of ucOC relative to the
total osteocalcin, in order to minimise possible influences of
bone metabolism(12,19). In healthy adult volunteers, vitamin
K supplementation reduced the circulating level of ucOC
and increased the level of cOC(8,16,28,29). Also in the present
study, vitamin K supplementation resulted in reduction
of ucOC levels and improved UCR. Until recently, non-
carboxylated osteocalcin was presumed to be a non-functional
protein since its Ca-binding Gla residues are lacking. A study
conducted by Lee et al. demonstrated a possible novel func-
tion for non-carboxylated osteocalcin, namely its action as a
hormonal regulator of energy metabolism(30). However,
these findings from in vitro studies have not yet been con-
firmed in human subjects.

Fig. 1. Flow chart of participants in the VitaKids study. * There were missing laboratory data because venepuncture failed or insufficient blood was gained in

subjects who completed the total study.
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The children included in the present intervention study had
a better vitamin K status at baseline in comparison with the
children from another study in healthy children conducted by
our department(12). In the latter study, a pronounced
elevation (as compared with adults) of ucOC together with
a marked elevation of the UCR was found in the majority
of children. The UCR was on average 2·3 (range 0·3–6·8)
in children v. 0·8 (range 0·1–2·2) in adults. In the present
study, only six children (11 %) had a UCR above 2·3 at
baseline in comparison with 35 % of children from the pre-
vious cohort. This observation can be explained by the fact
that in the present study we examined vitamin K supplemen-
tation in prepubertal children with steady bone metabolic
activity, as shown by constant levels of bone markers in the
present study. As was shown in previous studies in children,
suboptimal vitamin K status is most evident in puberty when
the bone metabolic activity is high, leading to increased
vitamin K demand(12,15). The present study illustrates
that vitamin K supplementation has an effect on osteocalcin
carboxylation, even in prepubertal children in the lowest
UCR ranges.

Studies in the elderly population indicate that supplemen-
tation with vitamin K has a beneficial effect on bone mass
and bone strength, most probably by improved carboxylation
of osteocalcin(1,31). A growing body of evidence on the relation-
ship between vitamin K, osteocalcin carboxylation and bone
health is also emerging in healthy children. O’Connor et al.
demonstrated that better vitamin K status, expressed as percen-
tage ucOC, was associated with increased bone mineral content
in a large cohort of healthy girls aged 11–12 years(14). Although
both phylloquinone and menaquinones serve as cofactors for the
carboxylation of osteocalcin(18), menaquinones (notably MK-4
and MK-7) may be preferable in food supplements because of
their pleiotropic effects on bone(32). In vitro models have
shown that MK-7 affects the function of the osteoblasts by indu-
cing the expression of osteoblast-specific genes (for example,
osteocalcin, osteoprotegerin, receptor activator of NF-kB
(RANK) and RANK ligand (RANKL)). In addition, MK-7 pro-
motes the differentiation of the osteoblasts, probably by inter-
action with the steroid and xenobiotic receptor (SXR)(33,34).
Furthermore, MK-7 prevented ovariectomy-induced bone loss
in rats(35,36).

Table 1. Baseline characteristics of the placebo and vitamin K groups

(Mean values and standard deviations or median values and ranges)

Group. . . Placebo Vitamin K

n Mean SD n Mean SD P *

Anthropometry
Males 27 28 0·660†

n 10 12
% 37 43

Age (years) 27 8·4 1·1 28 8·2 1·3 0·665
Height (cm) 27 133·8 9·0 28 132·2 9·3 0·515
Height standard deviation score 27 20·04 0·96 28 20·14 0·88 0·679
Weight (kg) 27 30·4 7·1 28 29·2 5·5 0·479
Weight-for-height standard deviation score 27 0·18 1·1 28 0·23 0·83 0·860
BMI (kg/m2) 27 16·8 2·5 28 16·6 1·6 0·673
BMI standard deviation score 27 0·21 1·1 28 0·20 0·78 0·983

Vitamin K parameters
Undercarboxylated osteocalcin (ng/ml) 27 26 0·444‡

Median 18·3 21·6
Range 3·4–73·2 4·7–96·9

Carboxylated osteocalcin (ng/ml) 27 26 0·355‡
Median 25·8 23·1
Range 4·3–42·1 10·0–44·3

UCR 27 26 0·330‡
Median 0·6 0·9
Range 0·2–2·7 0·2–4·5

Menaquinone-7 (ng/ml) 24 24 0·270‡
Median 0·14 0·21
Range 0·0–0·37 0·0–0·43

Coagulation parameters
Activated thrombin (nm)§ 23 227·4 48·7 23 238·4 27·2 0·353
Endogenous thrombin potential (%) 23 23 0·307‡

Median 976·0 1032·5
Range 223·9–1431·5 875·0–1429·5

Bone markers
Bone-specific alkaline phosphatase (U/l) 27 165·9 43·8 26 186·3 71·7 0·218
NTX (nm) 27 45·9 12·7 26 47·7 10·3 0·578

UCR, undercarboxylated osteocalcin:carboxylated osteocalcin ratio; NTX, N-telopeptide cross-links of collagen breakdown.
*P values are presented for differences in variables between placebo and vitamin K groups at baseline. P values are based on

independent t tests.
† x2 Test.
‡ Mann–Whitney test.
§ Peak height activated thrombin in the thrombogram.
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Fig. 2. Vitamin K parameters at baseline and after 8 weeks in the placebo and vitamin K groups. Differences from baseline to follow-up in each group were

examined using Wilcoxon signed-ranks tests. (a) Carboxylated osteocalcin. The differences from baseline to follow-up in the placebo and vitamin K groups were

NS (P¼0·657 and P¼0·067 respectively). (b) Undercarboxylated osteocalcin. The difference from baseline to follow-up in the placebo group was NS (P¼0·228).

The difference from baseline to follow-up in the vitamin K group was significant (P,0·001). (c) Undercarboxylated osteocalcin:carboxylated osteocalcin ratio

(UCR). The difference from baseline to follow-up in the placebo group was NS (P¼0·451). The difference from baseline to follow-up in the vitamin K group was

significant (P,0·001). (d) Serum menaquinone-7 (MK-7). The difference from baseline to follow-up in the placebo group was NS (P¼0·244). The difference from

baseline to follow-up in the vitamin K group was significant (P,0·001).

Table 2. Changes in vitamin K parameters and other parameters in placebo and vitamin K groups*

(Median percentage changes from baseline to follow-up at 8 weeks and ranges)

Group. . . Placebo Vitamin K

n Median % change Range n Median % change Range P

Vitamin K parameters
D Undercarboxylated osteocalcin (%) 26 þ12·2 248·1 to 344·1 26 225·6 273·3 to 28·9 ,0·001
D Carboxylated osteocalcin (%) 26 þ1·2 233·3 to 386·1 26 þ12·2 278·6 to 87·0 0·067
D UCR (%) 26 þ0·0 245·5 to 80·0 26 233·3 259·1 to 16·7 ,0·001
D Menaquinone-7 (%) 22 27·1 2100·0 to 290·0 22 þ328·5 216·7 to 1907·1 0·001

Bone markers
D Bone-specific alkaline phosphatase (%) 26 23·4 244·3 to 70·7 23 20·7 244·4 to 117·2 0·164
D NTX (%) 26 22·9 230·1 to 90·8 24 þ1·6 229·4 to 32·1 0·892

Coagulation parameters
D Activated thrombin (%)† 20 22·2 224·2 to 93·4 18 21·5 26·3 to 15·9 0·884
D Endogenous thrombin potential (%)‡ 20 2·5 216·6 to 312·1 18 21·0 217·6 to 15·2 0·161

UCR, undercarboxylated osteocalcin:carboxylated osteocalcin ratio; NTX, N-telopeptide cross-links of collagen degradation.
* A positive value indicates an increase from baseline to endpoint; a negative value indicates a decrease. P values are presented for differences in the percentage of change in

variables between placebo and vitamin K groups. P values are based on based on Mann–Whitney tests.
† Peak height activated thrombin in the thrombogram.
‡ Area under the curve in the thrombogram.

M. J. H. van Summeren et al.1176

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114509382100  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114509382100


A limitation of the present study may be that it was not
designed as a dose-finding study. The results only indicate
that MK-7 improves osteocalcin carboxylation in healthy
children and can therefore not answer the question ‘What is
the amount of vitamin K that is needed for maximal or optimal
carboxylation of osteocalcin in children?’. Another limitation
is that we did not collect information on vitamin K intake
from habitual diet. However, FFQ are not mandatory to
study the effect of additional vitamin K on osteocalcin
carboxylation when the study is designed as a randomised
placebo-controlled trial.

In conclusion, the present study indicates that supplemen-
tation with MK-7, one of the vitamin K2 species, during
8 weeks reduces the amount of circulating ucOC and thereby
improves vitamin K status in healthy prepubertal children.
Additional dose-finding studies are needed to investigate
optimal osteocalcin carboxylation in children. Thereafter,
large longitudinal supplementation paediatric trials are
required to confirm the beneficial effect of vitamin K sup-
plementation via osteocalcin carboxylation on improved
bone mass and diminished fracture risk.
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