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of fractures. Marked bone loss is observed, with acceler-
ated bone remodeling after menopause in women. The
rate of bone loss in untreated postmenopausal women
3–5 years after menopause is 4.5% per year of spinal
trabecular mineral density,7 and bone loss declines
thereafter. Because of the event of menopause, oste-
oporosis primarily affects postmenopausal women.

When bone mineral density (BMD) decreases below
the level of the fracture threshold, osteoporotic
fractures, such as vertebral fractures, can actually occur
without evidence of a fall.5 Multiple vertebral fractures
not only cause back pain but also produce a round back,
which decreases the volume in the thoracic and
abdominal cavities, potentially resulting in multiple
organ dysfunction. Therefore, even vertebral fractures
can be one of the factors in the reduction of life span.
Thus, it is important not only to prevent falls but also to
prevent loss of vertebral BMD, or to increase vertebral
BMD to a level above the fracture threshold to reduce
vertebral fractures in people with osteoporosis. One
therapeutic approach should focus on preventing loss of
vertebral BMD.

In Japan, it is generally recognized that vitamin D3

or vitamin K2 treatment can prevent BMD loss of
the lumbar spine in postmenopausal women with oste-
oporosis.21–23 However, clinically, the effect of combined
administration of vitamin D3 and vitamin K2 on the
BMD of the lumbar spine has not been established. The
purpose of the present study was to examine the effect
of the combined administration of vitamin D3 and vita-
min K2 on BMD of the lumbar spine in postmenopausal
women with osteoporosis.

Subjects and methods

Subjects

One hundred and eighty-seven women who were more
than 5 years after menopause were diagnosed with oste-

Abstract The effect of the combined administration of vita-
min D3 and vitamin K2 on bone mineral density (BMD) of
the lumbar spine was examined in postmenopausal women
with osteoporosis. Ninety-two osteoporotic women who were
more than 5 years after menopause, aged 55–81 years, were
randomly divided into four administration groups: vitamin D3

(1α hydroxyvitamin D3, 0.75 µg/day) (D group; n 5 29),
vitamin K2 (menatetrenone, 45 mg/day) (K group; n 5 22),
vitamin D3 plus vitamin K2 (DK group, n 5 21), and calcium
(calcium lactate, 2g/day) (C group; n 5 20). BMD of the
lumbar spine (L2–L4) was measured by dual energy X-ray
absorptiometry at 0, 1, and 2 years after the treatment started.
There were no significant differences in age, body mass
index, years since menopause, and initial BMD among the
four groups. One-way analysis of variance (ANOVA) with
repeated measurements showed a significant decrease in
BMD in the C group (P , 0.001). Two-way ANOVA with
repeated measurements showed a significant increase in BMD
in the D and K groups compared with that in the C group (P
, 0.05 and P , 0.001, respectively), and a significant increase
in BMD in the DK group compared with that in the C, D, and
K groups (P , 0.0001, P , 0.05 and P , 0.01, respectively).
These findings indicate that combined administration of
vitamin D3 and vitamin K2, compared with calcium
administration, appears to be useful in increasing the BMD
of the lumbar spine in postmenopausal women with
osteoporosis.

Key words Vitamin D3 · Vitamin K2 · Postmenopausal
women · Osteoporosis · Bone mineral density (BMD)

Introduction

Osteoporosis is a major public health problem, and
is characterized by low bone mass and increased risk
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oporosis,24 between July 1993 and April 1998 in our
clinic. All of them had randomly received some thera-
peutic interventions, such as vitamin D3, vitamin K2,
calcitonin, etidronate, and/or calcium administration,
and/or exercise, and 92 women, aged 55–81 years,
completed the present trial for 2 years. They were ran-
domly divided into four administration groups: vitamin
D3 (1α hydroxyvitamin D3, 0.75µg/day) administration
(D group; n 5 29), vitamin K2 (menatetrenone, 45mg/
day) administration (K group; n 5 22), vitamin D3 plus
vitamin K2 administration (DK group; n 5 21), and
calcium (calcium lactate, 2g/day) administration (C
group; n 5 20). Preliminary screening included a medi-
cal history, physical examination, blood biochemical
studies, plain X-ray examination of the lumbar spine,
and BMD measurement of the lumbar spine. Biochemi-
cal studies were performed by standard automated
laboratory techniques. BMD of the lumbar spine was
measured as described below. None of the subjects had
a history of hormone (estrogen) replacement therapy or
had ever taken medication that affects bone metabolism
prior to the present trial. None of the subjects had en-
gaged in sporting activity for at least the most recent
5 years before the trial or during the present trial.
Plain X-ray examinations of the lumbar spine in these
women did not find any evidence of vertebral fractures
or marked deformation. Their serum calcium, phospho-
rus, and alkaline phosphatase levels were all within
normal limits. Informed consent was obtained from all
participants.

Diet evaluation, and calcium and
vitamin D supplementation

All subjects completed 7-day food records during
the initial screening, according to the instructions of a
registered dietitian. After the initial dietary assessment,
all subjects were encouraged to have 1000 mg of calcium
and 400IU of vitamin D daily through food, and
encouragement was given by the dietitian every 3
months.

Measurement of BMD of lumbar spine

BMD of the lumbar spine (L2–L4) in the antero-
posterior view was measured by dual energy X-ray
absorptiometry (DXA). An XR-26 instrument
(Norland, Fort Atkinson, WI, USA) was used between
July 1993 and January 1996, and an XR-36 instrument
(Norland) was used between February 1996 and April
1998. The coefficient of variation (100 3 SD/mean) of
five measurements each time with repositioning within
72 h for both instruments was less than 1.2% in three
persons. The coefficient of variation of two mea-
surements using the two instruments (Norland XR-26

and XR-36) in five persons was less than 1.1%. BMD
was assessed at 0, 1, and 2 years after the treatment
started.

Statistical analysis

Data values are expressed as means 6 SE in the Table
and Figures. Analysis of variance (ANOVA) with
Fisher’s protected least significant difference (PLSD)
test was used to compare differences in baseline
characteristics and percent changes in BMD at 1 and 2
years among the four groups. One-way ANOVA with
repeated measurements was used to examine the
significance of longitudinal changes in BMD in the C
group. Two-way ANOVA with repeated measurements
was used to compare longitudinal changes in BMD
among the four groups. A significance level of P , 0.05
was used for all comparisons.

Results

Characteristics of subjects

Table 1 shows the baseline characteristics of the study
subjects in the D, K, DK, and C groups. Their respective
mean ages were 63.4, 65.8, 63.6, and 63.5 years. There
were no significant differences in mean age; height;
body weight; body mass index; years since menopause;
serum calcium, phosphorus and alkaline phosphatase
levels; and daily calcium intake among the four groups.
The respective mean initial BMD of the lumbar spine
was 0.697, 0.682, 0.677, and 0.691 g/cm.2 There were no
significant differences in initial BMD of the lumbar
spine among the four groups.

Changes in BMD of lumbar spine

Figure 1 shows the percent changes in BMD of the
lumbar spine at 1 and 2 years in the D, K, DK, and C
groups. Figure 2 shows the longitudinal percent changes
in BMD of the lumbar spine in the D, K, DK, and C
groups. In the C group, the mean percent changes in
BMD were 20.53% at 1 year and 20.79% at 2 years
compared with the baseline, and these longitudinal
changes were significant (P , 0.001; one-way
ANOVA). The corresponding changes were 20.44%
and 10.38% in the D group, and 20.20% and 10.90%
in the K group, and the changes at 2 years in both these
groups were significant compared with those in the C
group (both P , 0.05, ANOVA Fisher’s PLSD). Two-
way ANOVA with repeated measurements showed that
the longitudinal changes in BMD in the D and K groups
were significant compared with those in the C group (P
, 0.05 and P , 0.001, respectively). In the DK group,
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Table 1. Characteristics of subjects

D K DK C
(n 5 29) (n 5 22) (n 5 21) (n 5 20)

Age (years) 63.4 6 0.8 65.8 6 1.2 63.6 6 1.0 63.5 6 1.5
Height (m) 1.53 6 0.01 1.52 6 0.01 1.53 6 0.01 1.54 6 0.02
Body weight (kg) 48.8 6 0.9 49.4 6 1.8 51.4 6 1.1 50.3 6 1.9
Body mass index (kg/m2) 2.08 6 0.3 21.5 6 0.8 22.1 6 0.4 21.0 6 0.6
Years since menopause 14.8 6 0.9 16.0 6 1.4 15.0 6 1.2 14.7 6 1.4
Serum calcium (mg/dl) 9.3 6 0.1 9.4 6 0.1 9.3 6 0.1 9.2 6 0.1
Serum phosphorus (mg/dl) 3.4 6 0.1 3.3 6 0.1 3.2 6 0.1 3.4 6 0.1
Serum ALP (IU/I) 224.3 6 12.4 221.5 6 10.3 232.5 6 8.9 215.4 6 9.4
Calcium intake (mg/day) 505.0 6 20.1 495.1 6 26.0 476.6 6 31.1 495.3 6 32.0
BMD of lumbar spine (g/cm2) 0.697 6 0.009 0.682 6 0.018 0.677 6 0.028 0.691 6 0.018

Data values are expressed as means 6 SE. Analysis of variance (ANOVA) with Fisher’s PLSD test was used to compare differences in baseline
characteristics among the D, K, DK, and C groups. There were no significant differences in mean age; height; body weight; body mass index; years
since menopause; serum calcium, phosphorus, and alkaline phosphatase (ALP) levels; and initial bone mineral density (BMD) of the lumbar
spine among the four groups
D, Vitamin D3 (1α-hydroxyvitamin D3, 0.75 µg/day) administration; K, vitamin K2 (menatetrenone, 45 mg/day) administration; DK, vitamin D3

plus vitamin K2 administration; C, calcium (calcium lactate, 2 g/day) administration

Fig. 1a,b. Percent changes in bone mineral density (BMD) of
lumbar spine a at 1 year and b at 2 years. Data values are
expressed as means 6 SE. Analysis of variance (ANOVA)
with Fisher’s protected least significant difference (PLSD) test
was used to compare the percent changes in BMD at 1 and 2
years among the four groups (D, K, DK, and C). In the C
group, the mean percent changes in BMD were 20.53% at 1
year and 20.79% at 2 years compared with the baseline. The
corresponding changes were 20.44% and 10.38% in the D
group, and 20.20% and 10.90% in the K group, and the
changes at 2 years in both these groups were significant
compared with those in the C group (both P , 0.05). In the
DK group, on the other hand, the corresponding changes were
11.49% and 11.35%, and the changes at 1 year were
significant compared with those in the C, D, and DK groups (P
, 0.01; P , 0.01 and P , 0.05, respectively); the changes at 2
years were significant compared with those in the C group (P
, 0.01). D, Vitamin D3 (1α-hydroxyvitamin D3, 0.75µg/day)
administration; K, vitamin K2 (menatetrenone, 45 mg/day)
administration; DK, vitamin D3 plus K2 administration; C,
calcium (calcium lactate, 2g/day) administration. * P , 0.05
vs. C group; **P , 0.01 vs. C group; #P , 0.05 vs. DK group;
##P , 0.01 vs. DK group

a,b

Fig. 2. Longitudinal percent changes in BMD of lumbar
spine. Data values are expressed as means 6 SE. One-way
ANOVA with repeated measurements was used to examine
the significance of longitudinal changes in BMD of the lumbar
spine in the C group (circles). Two-way ANOVA with
repeated measurements was used to compare longitudinal
changes in BMD of the lumbar spine among the four groups.
In the C group, longitudinal changes in BMD were significant
(P , 0.001, one-way ANOVA). In the D group (squares) and
K group (diamonds), longitudinal changes in BMD were
significant compared with those in the C group (P , 0.05 and
P , 0.001, respectively, two-way ANOVA). In the DK group
(triangles), on the other hand, the longitudinal changes in
BMD were significant compared with those in the C, D, and K
groups (P , 0.0001; P , 0.05; and P , 0.01, respectively, two-
way ANOVA)
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on the other hand, the corresponding changes were
11.49% and 11.35%, and the changes at 1 year were
significant compared with those in the C, D, and DK
groups (P , 0.01; P , 0.01 and P , 0.05, respectively,
ANOVA with Fisher’s PLSD); the changes at 2 years
were significant compared with those in the C group
(P , 0.01, ANOVA with Fisher’s PLSD). Two-way
ANOVA with repeated measurements showed that the
longitudinal changes in BMD in the DK group were
significant compared with those in the C, D, and
K groups (P , 0.0001; P , 0.05, and P , 0.01,
respectively).

Discussion

The present study demonstrated that either vitamin D3

or vitamin K2 administration for 2 years significantly
increased BMD of the lumbar spine in postmenopausal
women with osteoporosis, while calcium administration
significantly decreased it. Combined administration of
vitamin D3 and vitamin K2 significantly increased BMD
of the lumbar spine, and the increase was greater than
that with the single administration of vitamin D3 or
vitamin K2 (indicated by two-way ANOVA with
repeated measurements). With regard to the effects of
calcium administration on the bone mass of the lumbar
spine in postmenopausal women, Cumming4 reviewed
published trials using the technique of meta-analysis,
and reported that calcium supplementation had a
consistently positive effect in postmenopausal women
at all sites except the vertebrae, and that this effect was
greatest in the studies in which the baseline calcium
intake was low, the mean age of the subjects was high,
and/or the subjects had clinical evidence of osteo-
porosis. On the other hand, Dawson-Hughes6 reported
that, while the spine in early postmenopausal women
was unresponsive to calcium supplementation even at
higher doses, bone loss from the spine could be retarded
in late postmenopausal women with low-calcium diets
by increasing their calcium intake. The results in these
review studies suggest that calcium administration in
late postmenopausal women with osteoporosis cannot
prevent loss of BMD of the lumbar spine. Similarly, in
the calcium administration group in the present study,
mainly consisting of late postmenopausal women with
osteoporosis, a significant decrease in BMD of the
lumbar spine was observed.

1α Hydroxyvitamin D3 is a pro-drug of 1,25
dihydroxyvitamin D3. Activated vitamin D3, i.e., 1α
hydroxyvitamin D3 or 1,25 dihydroxyvitamin D3, is
known to facilitate calcification by promoting calcium
absorption by the intestine and modulating the
secretion of parathyroid hormone.2,28 In addition,
activated vitamin D3 has been demonstrated to activate

the synthesis of osteocalcin, a calcified tissue protein
containing γ-carboxyglutamic acids, and to promote its
production by stimulating osteoblasts.2,18 Thus, adminis-
tration of activated vitamin D3 has been recognized as a
useful treatment for osteoporosis. On the other hand,
vitamin K2 is known to be essential for the carboxy-
lation of osteocalcin.13,26 Because noncarboxylated
osteocalcin cannot bind to hydroxyapapite in minera-
lized tissues until the γ-carboxylation of osteocalcin,14,26

vitamin K2 may play a role in the mineralization of
bone. In addition, the inhibitory effect of vitamin K2 on
bone resorption has also been reported.11 Thus, vitamin
K2 has attracted attention as a potential drug for the
treatment for osteoporosis.

There are numerous studies of the effects of 1,25
dihydroxyvitamin D3.1,3,8–10,15,20,25,27 Nevertheless, only a
few well controlled prospective studies of the effect of
either 1α hydroxyvitamin D3 or vitamin K2 on BMD
of the lumbar spine in postmenopausal women have
been reported. Available evidence suggested that 1 α
hydroxyvitamin D3 was effective for preventing loss of
BMD of the lumbar spine without any serious adverse
effects in postmenopausal Japanese women,23 and that
vitamin K2 increased metacarpal BMD and prevented
loss of BMD of the lumbar spine in Japanese patients
with osteoporosis.22 Thus, a single administration of
vitamin D3 or vitamin K2 has been shown to prevent loss
of BMD of the lumbar spine in postmenopausal women
with osteoporosis. Similarly, loss of BMD of the lumbar
spine was prevented and BMD of the lumbar spine was
increased by either vitamin D3 or vitamin K2 adminis-
tration in the present study, although its mechanism
remains unclear.

Very few clinical studies have reported the effect of
the combined administration of vitamin D3 and vitamin
K2 in subjects with osteoporosis, and the effect of the
combined administration of vitamin D3 and vitamin K2

on BMD of the lumbar spine in postmenopausal women
with osteoporosis has not been established. In an
experimental study, Matsunaga et al.19 demonstrated
that concomitant use of vitamin D3 and vitamin K2 in
ovariectomized rats suppressed cancellous bone loss
caused by ovariectomy to a level similar to that in
controls, although the single administration of vitamin
D3 or vitamin K2 did not significantly this bone loss.
However, no evidence has been reported on the effect
of the combined administration of vitamin D3 and
vitamin K2 on bone mass in animals with established
osteoporosis induced by ovariectomy. The present
clinical study demonstrated that the single adminis-
tration of vitamin D3 or vitamin K2 for 2 years slightly
increased BMD of the lumbar spine in postmenopausal
women with osteoporosis, and their combined
administration enhanced this BMD increase. Based on
these findings in the present clinical and the findings in
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previous experimental studies, it appears possible that
the effects of vitamin D3 and vitamin K2 administration
on bone mass are interactive and additive, and their
combined administration could prevent bone loss in
early postmenopausal women and increase bone mass
in late postmenopausal women with osteoporosis.

The mechanism for the positive action of the
combined administration of vitamin D3 and vitamin K2

on BMD of the lumbar spine in the present study
remains unclear. It has been shown that vitamin D3 is
necessary prior to the carboxylation of osteocalcin by
vitamin K2, because osteocalcin is induced by the action
of activated vitamin D3. Actually, Orimo et al.21 showed
that the effect of vitamin K2 on BMD was greater in
osteoporotic patients with higher levels of serum 1,25
dihydroxyvitamin D3. Koshihara et al.16,17 showed that
the effect of vitamin K2 on human osteoblast-induced
mineralization was enhanced in the presence of vitamin
D3. Moreover, Hara et al.12 showed that the effect of
vitamin K2 on ovariectomy-induced bone loss was
affected in rats with vitamin D3-containing diet, but not
in the rats with a vitamin D3-free diet. These lines of
evidence suggest that vitamin K2 distinctively enhances
activated vitamin D3-induced mineralization by
osteoblasts when there is administration of activated
vitamin D3. We speculate that vitamin K2-dependent
carboxylation of activated vitamin D3-induced osteo-
calcin is probably an important factor in the
effectiveness of the combined administration of vitamin
D3 and vitamin K2 on bone mass. That is, vitamin K2

administration enhances the carboxylation of highly
produced osteocalcin by vitamin D3 administration,
resulting in a vigorous increase in mineralization in
bone tissue. Thus, the combined administration of
vitamin D3 and vitamin K2 enhanced the increase in
BMD of the lumbar spine that resulted from the single
administration of vitamin D3 or vitamin K2 in the
present study. We could not measure bone formation
and resorption markers in serum and urine in the
present trial. Therefore, further study is needed to
clarify the mechanism by which either vitamin D3 or
vitamin K2 administration increased BMD of the lum-
bar spine and their combined administration enhanced
this BMD increase in postmenopausal women with
osteoporosis.

The endpoint of treatment for osteoporosis is to pre-
vent osteoporotic fractures. In the present study, we
could not assess the incidence of vertebral fractures.
Further study with a large number of subjects is also
needed to clarify the effect of the combined adminis-
tration of vitamin D3 and vitamin K2 on the incidence of
osteoporotic fractures.

In conclusion, the findings in the present study
indicate that either vitamin D3 or vitamin K2 adminis-
tration appears to increase BMD of the lumbar spine in

postmenopausal women with osteoporosis, and that the
combined administration of vitamin D3 and vitamin
K2 appears to enhance this increase. The combined
administration of vitamin D3 and vitamin K2 may be a
useful treatment for postmenopausal women with
osteoporosis.
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