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Abstract

Summary Vitamin K2 may preserve bone strength and
reduce fracture risk. In this randomised double-blind
placebo-controlled trial among healthy postmenopausal
Norwegian women, 1 year supplementation of vitamin K2
in the form of Natto capsules had no effect on bone loss
rates.

Introduction Japanese studies indicate that vitamin K2
(menaquinone-7 (MK-7)) intake may preserve bone
strength, but this has not been documented in Europeans.
The aim of this study was to assess the effect of MK-7 on
bone mineral density (BMD) changes in postmenopausal
Norwegian women.
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Methods Three hundred thirty-four healthy women be-
tween 50 and 60 years, 1-5 years after menopause, were
recruited to a randomised double-blind placebo-controlled
trial. The participants were randomly assigned into two
groups, one receiving 360 ug MK-7 in the form of Natto
capsules and the other the same amount of identical-looking
placebo capsules containing olive oil. BMD was measured
at total hip, femoral neck, lumbar spine and total body at
baseline and 12 months together with serum levels of bone-
specific alkaline phosphatase, Crosslaps, total osteocalcin
(N-mid OC), carboxylated (cOC) and under-carboxylated
osteocalcin (ucOC).

Results After 12 months, there were no statistical differ-
ences in bone loss rates between the groups at the total hip
or any other measurement site. Serum levels of cOC
increased and ucOC decreased in the treatment versus the
placebo group (p<0.001).

Conclusion MK-7 taken as Natto over 1 year reduced
serum levels of ucOC but did not influence bone loss rates
in early menopausal women.

Keywords Bone loss - Menopause - MK-7 -
Randomised controlled trial - Vitamin K2

Introduction

Fracture incidence is varying worldwide. The USA and the
Scandinavian countries stand out as having the highest
incidences of osteoporotic fractures [1]. Fracture risk is
multifactorial and complex [2], but the diagnosis of
osteoporosis is based on an assessment of skeletal mass
per unit area, defined as bone mineral density (BMD) [3]. A
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strong relationship between BMD and fracture risk has been
documented [4]. During the menopausal transition, most
women experience a 1-5-year period of rapid bone loss as a
result of the changing hormonal environment [5—7]. This loss
of bone mass leads to decreased structural strength and
increased risk of fracture [8]. An efficient prevention strategy
could give individual health benefits as well as socioeconomic
savings.

Low intake of vitamin K is associated with low BMD [9]
and increased risk of fracture [10]. Vitamin K promotes
post-translational conversion of protein glutamate residues
in osteocalcin into gamma-carboxy glutamate (Gla)
[11, 12], which is secreted by the osteoblasts. Vitamin K
deficiency will cause production of under-carboxylated
osteocalcin (ucOC) [13], and ucOC levels are therefore
considered to be a sensitive measure of vitamin K status
[14]. ucOC is furthermore inversely correlated with hip
BMD [15] and regarded as a marker of hip fracture risk in
elderly women [13, 16]. Both vitamin K1 (phylloquinone
or phytonadione) and K2 (menaquinone) contribute to the
vitamin K status in humans [12] (Table 1). Vitamin K2 is a
spectrum of multiple forms where menaquinone-4 (MK-4)
and menaquinone-7 (MK-7) are reportedly related to bone
mass and fracture risk [11, 12]. A systematic review from
2006 indicated that supplementation with phytonadione and
MK-4 may reduce bone loss and fracture risk [17]. However,
most of the included studies were undertaken in Japan, and
heterogeneity was high and quality low in several of the
trials [17]. In a 3-year study, daily supplementation of
phylloquinone significantly decreased serum ucOC in elderly
US women and men without any effect on lumbar or total-
body BMD compared to the placebo group [18], and in a
recently published study, 12 months treatment with phyllo-
quinone or MK-4 also reduced serum ucOC without any
effect on lumbar or proximal femur BMD in postmenopausal
US women [19].

Although there are studies suggesting a positive effect on
bone formation, the effectiveness of MK-7 is far less
studied [20, 21]. In the European diet, different fermented

Table 1 Overview of vitamin K, forms and names, used in the text

Types of vitamin K Names commonly used

Vitamin K1
Vitamin K2

Phylloquinone or phytonadione
Menaquinone (MK-n)

MK-4*

MK-7% (Natto®)

#MK-4 and MK-7 related to bone mass and fracture risk
®Natto contains MK-7
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cheeses contain large amounts of MK-7 (62 p/100 g). Even
larger amounts (1,100 p/100 g) are found in the traditional
Japanese dish called Natto, which is prepared on soybeans
fermented with Bacillus subtilis [12]. Ecological studies
report lower occurrence of fractures in Japanese regions
with a high population intake of Natto [22]. Cross-
sectional studies indicate that Natto may prevent osteopo-
rosis in premenopausal Japanese women [23]. With
Natto’s possible but still undocumented effect on bone
[24], the aim of this 12-month double-blind placebo-
controlled randomised trial was to assess if dietary
supplementation of MK-7 taken in the form of Natto
capsules would influence bone loss and bone formation
markers in early menopausal Norwegian women, with or
without adverse effects.

Materials and methods
The study participants

The study, registered with ClinicalTrials.gov (NCT00290212),
was conducted in collaboration between the National Research
Centre in Complementary and Alternative Medicine (NAF-
KAM), the University Hospital of North Norway (UNN),
Tromse (Centre 1) and Haukeland University Hospital, Bergen
(Centre 2). Four hundred fifty-five healthy women were
recruited through newspaper and media advertisement and
assessed for eligibility by telephone interview. Eligible partic-
ipants were included for randomization from February to
November 2006, if they had turned 50 but not 61 years by 31
December 2005, were between 1 and 5 years since last
menstruation, not using warfarin, hormone replacement therapy
(HRT) or other medication influencing bone remodelling. On
entry, the participants filled in a questionnaire on lifestyle
variables. BMD was measured, and two non-fasting blood
samples drawn. Follow-up visits with a new questionnaire,
blood sampling and BMD measurements were scheduled at 6
and 12 months. At follow-up, fractures or events, such as being
bed ridden, using crutches for more than 2 weeks or possible
adverse effects were registered. Adherence was judged either
by capsule counts or participants estimating the number of
unused capsules. A form to fill in with a prepaid envelope was
provided for written reports of any possible adverse effects
between visits. After each examination, participants were
informed about their BMD status. Participants with T-scores
below —2.5 at any site, which is within the osteoporotic range
[25], were allowed to participate. However, at the end of the
study, all participants with T-scores below —2.0 at the total hip
or lumbar spine were offered medical follow-up at the
respective centres. Written informed consent was obtained
prior to randomization. The Regional Committee of Research
Ethics, the Norwegian Data Inspectorate and the Norwegian
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Directorate of Health and Social Services approved the study
and the biobank establishment.

Study medication and randomisation procedure

The treatment and placebo capsules were produced by
NATTOKIN Co., Ltd., Kanagawa 220-0061, Japan, to be
indistinguishable by colour and size. The treatment capsule
extract contained 85 mg powder of Natto’s viscosity
extract, 25 mg soy bean isoflavones extract, 56 mg
evening prim rose oil, 17 mg bees wax and 17 mg
glycerol esters of fatty acids, all per 200 mg. The placebo
capsules contained olive oil. The MK-7 content of the
capsules were analysed and confirmed by Vita K,
Maastricht. They were provided at no cost by NATURAL
with a material transfer agreement signed by NATURAL
and NAFKAM before the start of the study. A dosage
study performed at NAFKAM in 2005 indicated that daily
supplement of 360 ug of MK-7 in form of Natto capsules
would be sufficient for Norwegian women to achieve plasma
levels of MK-7 comparable to levels in similarly aged
Japanese women [26]. The treatment group was therefore
assigned a daily 360-ug MK-7 dosage in four 90-ug capsules.
Recommended daily intake was two capsules twice with
meals, but all four capsules could be taken at one preferred
time. The study medication was labelled by a research
assistant not involved in the study. The central randomization
unit at UNN generated the block randomization sequence by
computer (random block size). Each centre received blocks of
study medication and assigned it to participants in numerical
order. All researchers and participants were blinded through-
out the study. The randomization code was broken after
analyses of BMD changes.

BMD measurements

BMD was measured by dual X-ray absorptiometry (DXA;
GE Lunar Prodigy, LUNAR Corporation, Madison, WI,
USA) at the following sites: total hip, femoral neck, lumbar
spine (L2-L4) and total body. According to the protocol, the
total hip measurement was the primary endpoint. Through
the national collaboration, Norwegian Epidemiological
Osteoporosis Studies (NOREPOS), the densitometers were
calibrated in vitro and in vivo before the start of the study,
and no differences were detected. The in vivo coefficient of
variation (CV%) for the total hip was 1.14% and 0.82% in
Centre 1 and 2, respectively [27]. Scanners were calibrated
daily against the standard calibration block supplied by the
manufacturer (aluminium spine phantom). These phantom
measurements showed no drift throughout the study. The
measurements were performed according to the same
protocol, and all scans were reviewed by one specially
trained technician.

Biochemical measurements

The blood samples were centrifuged at 4°C and frozen until
analysis at the Hormone Laboratory at Centre 2. The assays
used were enzyme-linked immunosorbent assays. Serum
osteocalcin (N-mid OC), intact OC and the N-terminal mid-
region fragment of OC, and Crosslaps (CL), which
measures the degradation product of C-terminal telopeptides
of Type-I collagen, were measured by assays from Nordic
Bioscience Diagnostics, Herlev, Denmark. The bone-specific
alkaline phosphatase (BAP) assay was from Quidel Corpo-
ration, San Diego, CA, USA. The carboxylated osteocalcin
(cOC) and ucOC assays were obtained from TaKaRa Bio.
Inc., Japan. The mean sample pair variation was 4.1%,
12.8%, 5.0%, 4.1%, and 8.4% for N-mid OC, CL, BAP, cOC
and ucOC, respectively. Inter-assay CVs were 9.2% (mean
value, 17.0 ng/l) and 5.5% (mean value, 43.9 ng/l) for N-mid
0C, 23.5% (mean value, 0.38 ng/l) and 8.6% (mean value,
1.11 ng/l) for CL, 7.0% (mean value, 11.5 p/L) and 2.6%
(mean value, 45.3 w/L) for BAP, and 20% (mean value,
1.33 ng/ml) and 5.67% (mean value, 6.47 ng/ml; manufac-
turer’s data) for ucOC and 23% (mean value, 2.91 ng/ml)
and 1.0% (mean value, 12.1 ng/ml; manufacturer’s data) for
cOC.

Study power and sample size

The study was powered for a comparison of mean changes
in BMD from baseline to 12-month follow-up. The sample
size calculation was based on BMD change data from the
Tromse Study [28]. Women, not using HRT, had the
highest bone loss in the time period 1-5 years after
menopause, with a mean annual bone loss of 1.1% at the
distal forearm. We defined the minimum clinically signif-
icant difference between groups to be 0.3 percentage points,
representing 1 year bone loss “saved” per 4 years.
Assuming 1.1% and 0.8% loss of BMD, with a standard
deviation of 0.93%, in the control and treatment groups,
respectively, a power of 80% and an alpha of 5%, 152
participants were needed in each group. Assuming a 10%
dropout rate, 167 participants were needed in each group,
334 participants in total.

Data preparations and statistics

We categorised smoking status as never, former or present
smoking and alcohol intake into low (few times a year),
moderate (once a month to once a week) and high (more
than once a week). Physical activity was derived from two
questions on light and hard activity and combined into a
score with three alternatives: low, moderate or high
physical activity level. Differences in baseline character-
istics between the groups and the centres were assessed by

@ Springer



1734

Osteoporos Int (2010) 21:1731-1740

chi-square tests (categorical variables) and independent
sample ¢ test (continuous variables). Loss of follow-up,
adverse events, self-reported health status and adherence
with treatment (yes or no) were compared with chi-square
tests. From capsule counts, adherence with treatment was
also calculated as mean percentage and tested by indepen-
dent sample ¢ test.

Change in BMD was calculated as absolute change in
g/em® (BMD 12 months—BMD baseline) and as percentage
change (BMD 12 months—BMD baseline/BMD baseline).
BMD levels at baseline and changes in BMD between the
groups were compared with independent sample ¢ test. We
also compared BMD changes between the groups with
participants stratified into two groups on the basis of
baseline total hip T-scores: low (T-score<—1.0) and high (T-
score>—1.0) BMD groups, respectively. We tested BMD
changes between the groups with multiple regression
analyses adjusting for age and physical activity level
(which differed between the two groups at baseline), using
low activity as the reference level. We also added study
centre and adherence to treatment to the model, adher-
ence using two options and self-reported or mean
percentage adherence. At all sites, the percentage of
participants with declining BMD during the study was
compared using chi-square tests. Similarly, the least signif-
icant change was calculated for each study centre (2.77xCV
%) [29] at the total hip, and the percentage of participants
with significant loss in the two groups was compared using
chi-square tests.

We tested differences in serum concentration of biochemical
measures (BAP, CL, N-mid OC, cOC and ucOC) between the
groups at baseline and at 12 months using independent sample
t test. Differences in changes in serum concentration were
calculated as absolute changes (the measured value at
12 months—baseline value), and comparison of changes
between groups was tested by independent sample ¢ test.
Two-sided p values below 0.05 were considered statistically
significant. All statistical analyses were performed using the
Statistical Package for Social Sciences version 15.0 (SPSS
Inc., Chicago, IL, USA).

Results
Compliance

The study profile is displayed in Fig. 1. Reasons for
discontinuation in 14 participants in each group (8.4%)
were various diseases, relocation, lack of motivation or
experienced adverse effects (three participants in each
group). In the placebo group, four participants started
treatment known to affect bone remodelling. Two hundred
sixty-four participants (86%) reported to take the study

@ Springer

medication as expected, 131 and 133 participants in the
treatment and placebo groups, respectively (p=0.68). Mean
adherence rates calculated by capsule counts in 279
participants were 94.4% and 94.9% in the treatment and
placebo groups, respectively (p=0.55).

Adverse events

During the course of the study, five participants in each
group sustained a fracture. In the treatment and placebo
groups, 40 and 36 participants, respectively, reported
events which included forgetting study medication during
holidays or reduced weight bearing more than 2 weeks
(»=0.60). In the treatment group, there were two written
reports: increased nocturnal hot flushes and abdominal
pain. In the placebo group, there were four written reports:
on muscular pain, general unwell feeling and two reports
on itching. On phone, one participant in the treatment
group reported increased palpitations, which ceased at
study end. Self-perceived health was reported similarly in
the groups at the start of the study (p=0.69) and by
12 months (p=0.71).

Effect of intervention on BMD changes

Participants’ baseline characteristics were similar, except
for 0.5 years higher age (p=0.04) and physical activity
level (p=0.04) in the treatment group (Table 2). The mean
difference in bone loss rates between the treatment and the
placebo group was —0.001 g/cm? (95% CI, —0.005, 0.003 g/
cm?®) at the total hip, 0.001 g/em® (95% CI, —0.004,
0.005 g/cm?®) at the femoral neck, 0.000 g/cm® (95% CI,
—0.008, 0.008 g/cm?) at the lumbar spine and 0.001 g/cm?
(95% CI, —0.003, 0.006 g/cm?®) at the total body. There
were no statistically significant differences in BMD
changes between the groups at any measurement site
(Table 3). The p values remained virtually unchanged when
the four subjects in the placebo group, who started other
treatment, were excluded from the analyses. Adjusting for
age and physical activity level did not change the results,
nor did adjustment for adherence to treatment. Participants
from Centre 1 had more frequent alcohol intake (p=0.03),
but adjusting for study centre in the multiple regression
model did not change the results.

Excluding those lost to follow-up or starting other
treatment, 123 and 179 (of 141 and 193, respectively)
remained in the low and high BMD groups. There were no
statistically significant differences in BMD changes be-
tween the groups at any measurement site. Dividing the
participants according to adherence to treatment did not
change the results. Using bone loss rates calculated on the
basis of two available measurements at baseline and
12 months at the total hip and femoral neck for
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Fig. 1 Study profile

Assessed for eligibility
by telephone (n= 455 )

Excluded (n=111)
Did not meet inclusion criteria

Randomized
(n=334)

Allocated to treatment
(n=167)

Allocated to placebo
(n=167)

Lost to Follow-up
(n=7)

Lost to Follow-up
(n=10)

Provided outcomes at

Provided outcomes at

Lost to Follow-up
(n=7)

Lost to Follow-up
(n=4)

6 mnths 6 mnths
(n=160) (n=157)
Completed study Completed study
Intent to treat analyses Intent to treat analyses
(n=153) (n=153)

Started other treatment
(n=4)

Secondary analyses
(n=153) (n=146)

Secondary analyses

participants in Centre 1 did not have any impact on the
results. The percentage of women with declining BMD did
not differ between the groups at any site, nor did the
percentage of women with a significant bone loss differ
(data not shown).

Effect of intervention on biochemical measurements

There were no statistically significant differences between
the groups in biochemical measurements at baseline. After
12 months, N-mid OC, cOC and ucOC levels differed
significantly between the groups (Table 4). At 12 months,
BAP was unchanged in the treatment group and had

declined in the placebo group, but the changes were not
significantly different between the treatment groups. Cross-
laps declined in the treatment group and remained
unchanged in the placebo group, but the changes were not
significantly different between the groups. N-mid OC
declined in both groups, —3.1 ng/l (95% CI, —5.1, —1.2)
more in the treatment group (p<001). cOC increased in
both groups, 3.8 ng/ml (95% CI, 2.6, 5.1) more in the
treatment group (»p<0.001). ucOC declined in both groups,
—1.8 ng/ml (95% CI, —2.4, —1.2) more in the treatment
group (p<0.001). Excluding from analyses, four partic-
ipants on other treatment had only minor influence on the
results.
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Table 2 Baseline characteristics

of the study participants, values Baseline characteristics

Treatment group (N=167) Placebo group (N=167)

are means (£SD) or n (%)
Age, years

Height, cm

Weight, kg

BMI, kg/m?

Age at menopause, years
Years since menopause, years
Self-perceived health
Poor

Good
Smoking status

Never smokers

Former smokers

Present smokers
Alcohol intake

Low

Moderate

High
Physical activity level
Low

Moderate

High

54.7 (2.5) 542 (2.5)
166 (5.7) 166 (5.6)
67.5 (9.0) 67.5 (9.8)
245 3.1) 24.5 3.1)
51.2 (2.9) 50.9 (2.6)
3.6 (2.3) 33 (1.7)
29 (18) 29 (18)
135 (82) 161 (82)
63 (38) 56 (35)
80 (49) 77 (47)
21 (13) 29 (18)
28 (17) 23 (14)
89 (54) 100 (62)
47 (29) 39 (24)
16 (10) 27 (17)
125 (76) 123 (76)
23 (14) 12 (7)

Discussion

There were no statistically significant differences in bone
loss at any measurement site in the treatment compared to
the placebo group, in early menopausal women between 50
and 60 years in this randomised double-blind placebo-
controlled trial. The concentration of cOC increased and

ucOC decreased in the treatment group, both significantly
more in the treatment group.

The attrition rate was low, and adherence to treatment
was high, corresponding to 2.8 and 2.6 weeks without
study medication in the treatment and placebo groups
respectively, as calculated in 91% of the participants. There
are however limitations to the study, the most important

Table 3 Bone mineral density

(BMD; g/cm?) at baseline and Measurement site Treatment group Placebo group p value
changes in BMD (g/cm? and %)
from baseline to 12 months, Mean BMD  95% CI Mean BMD  95% CI
intention to treat analyses
Baseline BMD
Total hip 0.920 0.900, 0.938 0.918 0.901, 0.934 0.85
Femoral neck 0.873 0.854, 0.891 0.877 0.861, 0.930 0.77
Lumbar spine (L2-L4) 1.103 1.081, 1.125 1.089 1.063, 1.112 0.45
Total body 1.119 1.106, 1.130 1.116 1.103, 1.128 0.76
BMD changes (g/cm?)
Total hip —0.004 —0.007, —0.001 —0.003 —0.006, 0.000 0.67
Femoral neck —0.004 —0.007, 0.000 —0.005 —0.008, —0.001 0.71
Lumbar spine (L2-L4) —0.006 —0.012, 0.000 —0.006 —0.012, 0.000 1.00
Total body —0.010 —0.013, —0.008 —0.009 —0.012, —0.006 0.50
BMD changes (%)
Total hip —0.41 —-0.73, —0.06 —0.35 —0.65, —0.04 0.81
Femoral neck —-0.38 —0.74, +0.03 -0.54 —0.89, —0.16 0.55
Lumbar spine (L2-L4) —0.45 —-0.96, +0.08 —0.50 -1.05, +0.05 0.91
Total body -0.92 —-1.18, —-0.67 —0.79 -1.07, -0.51 0.48
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Table 4 Biochemical measures at baseline and at 12 months, and changes between baseline and 12 months in participants with two valid repeated

measurements
Treatment group Placebo group p value
Mean 95% CI Mean 95% CI
Biochemical measures at baseline™”
Bone-specific alkaline phosphatase (BAP), ug/l 14.51 13.63, 15.38 14.57 13.72, 15.42 0.92
Crosslaps (CL), ng/ml 0.61 0.54, 0.68 0.69 0.48, 0.90 0.47
N-MID osteocalcin (N-mid OC), ng/ml 21.86 20.19, 23.53 22.38 20.97, 23.79 0.64
Carboxylated osteocalcin (cOC), ng/ml 13.50 12.48, 14.52 13.20 12.20, 14.20 0.68
Under-carboxylated osteocalcin (cOC), ng/ml 4.14 3.69, 4.59 4.11 3.70, 4.51 0.90
Biochemical measures at 12 months®?
BAP, ug/l 14.52 13.76, 15.32 13.46 12.68, 14.19 0.05
CL, ng/ml 0.55 0.50, 0.61 0.53 0.47, 0.58 0.60
N-mid OC, ng/ml 17.08 15.87, 18.34 20.72 19.53, 21.90 <0.001
cOC, ng/ml 19.06 18.04, 20.08 14.90 13.98, 15.82 <0.001
ucOC, ng/ml 222 1.90, 2.55 3.87 3.46, 4.28 <0.001
Changes in biochemical measures®"
BAP, ug/l 0.05 —0.44, 0.78 —-0.77 —-1.37, 0.03 0.07
CL, ng/ml —-0.05 —0.14, 0.05 —0.16 —0.46, 0.04 0.36
N-mid OC, ng/ml -4.57 —6.08, —2.58 —1.44 -2.15, -0.07 0.002
cOC, ng/ml 5.89 4.97, 6.83 2.06 1.21, 2.94 <0.001
ucOC, ng/ml -1.92 -2.37,-1.47 —-0.15 —-0.58, 0.25 <0.001

 Crosslaps, BAP, N-MID 153 and 155 valid measurements in the treatment and placebo groups, respectively

®cOC and ucOC 143 and 145 valid measurements in the treatment and placebo groups, respectively

¢ Crosslaps, BAP, N-MID 153 and 144 valid measurements in the treatment and placebo groups, respectively

9¢0C and ucOC 149 and 144 valid measurements in the treatment and placebo groups, respectively

¢ Crosslaps, BAP, N-MID 139 valid repeated measurements in the treatment and placebo groups, respectively

fcOC and ucOC 131 valid repeated measurements in the treatment and placebo groups, respectively

being the short follow-up of only 1 year. Although the error
of the BMD measurement is low (approximately 1%), the
study aims to measure small changes in BMD occurring
after only 1 year of follow-up. To minimise the effect of the
measurement error, bone loss was also calculated using
the mean of two measurements from Centre 1 participants.
The results were however unchanged, and there were no
significant difference in the percentage of women who
experienced a significant bone loss during the follow-up.
We calculated that a mean annual loss of 1.1% with a
standard deviation of 0.9% [28] would be a conservative
estimate for the annual loss in this age group [5, 6]. A mean
loss of 0.38% at the total hip in all participants was less
than expected [5, 6, 30, 31]. This could be explained by
participants being healthy volunteers, with high physical
activity level, only 16% were smoking and 82% reported
good or very good health, all factors beneficial for bone
health [32-34]. An extended follow-up of altogether
24 months would have increased the mean bone loss rates
in both groups. The point estimate of bone loss in our study,
however, actually suggests a higher bone loss at the

primary end point in the Natto compared to the placebo
group. It is implausible that additional 12 months study
duration suddenly should reverse the trend of higher bone
loss compared to the placebo controls.

Another possible limitation is the use of DXA technol-
ogy. The changes in ucOC levels may induce changes in
structural properties of bone not detected by DXA
technology [8]. Alternative technology was however not
available, and in correspondence with the WHO definition
[3], the clinical fracture risk evaluation in most centres
include BMD measurements by DXA. The lack of fracture
endpoint may be considered as another limitation of the
study. However, fracture risk in the age group between 50
and 60 years is still low [35], and BMD is a good surrogate
measure of bone strength, predicting 60-70% of its
variation [36]. Although recent meta-analyses have ques-
tioned the role of calcium [37] and vitamin D [38] intake
for fracture prevention in younger adults, the lack of
calcium and vitamin D supplementation in each arm is a
limitation [39] of the study. A positive interaction between
vitamins K and D3 is suggested [40—43], but with the
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current study design, we were not able to assess this
possible effect.

Several studies have indicated an effect of vitamin K2/
MK-7 on bone [11, 21, 23, 44], but we have identified only
one small clinical trial evaluating the potential effect. In one
Japanese study including 73 premenopausal women, BAP
increased and ucOC decreased in the group taking vitamin
K2 in the form of Natto for lunch 1 year, compared with the
no intake group, but there was no statistical difference in
stiffness index between the groups, as measured by
quantitative ultrasound [20]. Despite differences in design
and endpoint measure, these results are comparable to our
study.

The association between vitamin K2/MK-4 and BMD
has been studied in several trials. Most of the studies
indicating a positive effect are on patients with different
chronic diseases [45—49], in women with established
osteoporosis [40, 50-52], and in studies combining MK-4
and vitamin D3 [40]. In all these studies, the daily dosage is
45 mg of MK-4. Because of differences in side chin length,
the effect of MK-7 and MK-4 on bone may not be
comparable [12, 53]. With differences in study population
and treatment dosage, the MK-4 studies are therefore not
easily comparable with ours. However, in a 1-year study on
Japanese postmenopausal women [54], BMD decrease was
suppressed, but not significantly different from controls. In
a 3-year study on Dutch postmenopausal women [55], the
authors reported maintenance of calculated bone strength
indices. In two 48-week Japanese studies on menopausal
women taking 45 mg MK-4 daily, ucOC decreased without
any effect on lumbar BMD [56]. Reduced bone loss was
only measured in the study group treated both with MK-4
and D3 [57].

Similar results are observed in trials assessing the
association between vitamin K1 and bone mass. In a
3-year trial including 474 elderly US men and women [18],
500-pg vitamin K1 taken daily resulted in significantly lower
ucOC levels in the treatment group, but no observed effect
on BMD [18]. In a recently published study including 381
postmenopausal US women mean age 62.5 years, neither
phylloquinone (1 mg) nor MK-4 (45 mg) daily treatment for
12 months had any effect on lumbar spine or proximal femur
BMD, although serum ucOC levels declined significantly
compared to placebo group [19]. The bone loss rates and
lack of observable differences in loss rates between the
groups are similar to the results from our study and stand in
contrast to the systematic review from 2006 [17]. Possible
discrepancies may be explained by the different dosages.
Japanese studies may also reflect unique dietary, environ-
mental and/or genetic factors favouring positive association
between vitamin K1 and K2 and bone mass in the
participants [18]. However, data from a Japanese trial
involving 3,000 patients did not indicate any effect of

@ Springer

36 months daily supplementation of 45 mg MK-4 on
vertebral fracture risk [58]. These results might have changed
the outcome of the systematic review had the data been
available for inclusion [59]. Additionally, in a large
observational study, there was no association between intake
of vitamin K1 and lumbar and femoral neck BMD in peri-
and early postmenopausal Danish women [60].

With increasing age, a larger proportion of women use
natural health products also targeted for specific diseases
such as osteoporosis [61]. The efficacy and safety of many
of these products are poorly documented. The results from
our study support the assertion that MK-7 taken in the form
of Natto capsules has few adverse side effects [61]. Despite
limited evidence concerning its effect, MK-7 or vitamin K2
taken as Natto is widely promoted in Europe as an effective
dietary supplementation for prevention of osteoporosis in
daily dosages between 90 and 180 pg. In this double-blind
placebo-controlled randomised trial, 1 year intake of MK-7,
taken in the form of 360 pug Natto capsules, did not produce
any significant adverse effects in early menopausal women
aged between 50 and 60 years. Serum levels of ucOC
decreased and cOC increased significantly in the treatment
group, indicating that the participants took the medication,
and that the medication was absorbed and active, but as in
other recent trials [18, 19, 43], BMD was not maintained
despite improvement of OC carboxylation. The results
indicate that that changes in serum cOC and ucOC levels do
not influence determinants of bone strength measured as
BMD over a period of 1 year. The possible effects other
health measures still needs to be established.
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