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Abstract The purpose of the present study was to compare
the effects of etidronate and menatetrenone on bone mineral
density (BMD) and the incidence of vertebral fractures in
postmenopausal women with osteoporosis. Seventy-two oste-
oporotic women, more than 5 years after menopause, 53-78
years of age, were randomly divided into three administration
groups: E group; intermittent cyclical etidronate (200 mg/day,
14 days per 3 months; n = 25); M group; menatetrenone
(45mg/day, daily; n = 23); and C group (control); calcium
lactate (2 g/day, daily; n = 24). Forearm BMD was measured
by dual-energy X-ray absorptiometry at 0, 6, 12, 18, and 24
months after the treatment started. There were no significant
differences in age, body mass index, years since menopause,
and initial BMD among the three groups. One-way analysis of
variance (ANOVA) with repeated measurements showed
a significant decrease in BMD in the C group (P < 0.0001).
Two-way ANOVA with repeated measurements showed a
significant increase in BMD in the M group compared with
that in the C group (P < 0.0001), and a significant increase in
BMD in the E group compared with that in the C and M
groups (P < 0.0001 and P < 0.01, respectively). The indices of
new vertebral fractures/1000 patient-years in the E and M
groups were significantly higher than that in the C group (2
= 47.7; P < 0.0001 and y?> = 42.4; P < 0.0001, respectively),
and did not differ significantly between the E and M groups.
The present preliminary study provides evidence to suggest
that, despite the lower increase in BMD produced by me-
natetrenone, this agent, as well as etidronate, may have
the potential to reduce osteoporotic vertebral fractures in
postmenopausal women with osteoporosis.
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Introduction

Osteoporosis, which is characterized by low bone mass
and increased risk of fractures, is a major public health
problem. While age-related bone loss in men is modest,
women usually experience marked bone loss after
menopause, with accelerated bone remodeling.!”1822
Because of physiological changes associated with meno-
pause, osteoporosis primarily affects untreated late
postmenopausal women.

To date, in Japan, the administration of etidro-
nate (bisphosphonate) has been one of the most useful
forms of treatment for osteoporosis in postmeno-
pausal women. Intermittent cyclical administration of
etidronate has been shown to increase bone mineral
density (BMD) in the lumbar spine, the femoral neck,
and the forearm, and to reduce the incidence of
fractures in postmenopausal women with osteoporo-
Sis.%10.14212325323438 OQn the other hand, because menate-
trenone (vitamin K,) has been suggested to play a role
in bone mineralization,'>!*? it has been recognized as
suitable for the treatment of osteoporosis. Actually, two
studies have shown that menatetrenone may just sustain
lumbar BMD, but reduce the incidence of fractures in
postmenopausal women with osteoporosis.'®3* Although
etidronate may be more effective than menatetrenone
for increasing BMD in postmenopausal women with
osteoporosis, the efficacy of etidronate and menate-
trenone in reducing the incidence of fractures has not
been comparatively assessed. The purpose of the
present open, prospective, randomized study was to
compare the effects of etidronate and menatetrenone
on BMD and the incidence of vertebral fractures in
postmenopausal women with osteoporosis.
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Subjects and methods

Subjects

Seventy-two osteoporotic women, more than 5 years
after menopause, 53-78 years of age, were recruited in
autumn 1998 at a hospital. All of them were diagnosed as
having osteoporosis, based on the Japanese criteria.?
They were randomly divided into three administration
groups: intermittent cyclical etidronate (200 mg/day, 14
days per 3 months) (E group; n = 25); menatetrenone
(45mg/day, daily) (M group; n = 23); and calcium lactate
(2 g/day, daily) (C group [controls]; n = 24). Preliminary
screening included the taking of a medical history, a
physical examination, blood biochemical tests, plain X-
ray examination of the thoracic and lumbar spines, and
the measurement of BMD. Biochemical tests were per-
formed by standard automated laboratory techniques.
BMD was measured as described below. None of the
subjects had a history of hormone (estrogen) replace-
ment therapy or had ever taken medication that affects
bone metabolism prior to the present trial. None of the
subjects had participated in sporting activity for at least
the previous 5 years and none of them participated in
such activity during the present trial. The serum calcium,
phosphorus, and alkaline phosphatase levels were within
normal limits in all subjects. Informed consent was ob-
tained from each of the participants.

Diet evaluation, and calcium and
vitamin D supplementation

All subjects completed 7-day food records during the
initial screening, according to the instructions provided
by a registered dietitian. After the initial dietary assess-
ment, all subjects were strictly encouraged to consume
800mg of calcium and 4001U of vitamin D daily in their
meals, as outlined by the dietitian.2>61924

Measurement of BMD

Forearm (distal radius) BMD on the nondominant side
was measured by dual-energy X-ray absorptiometry
(DXA), using a DTX-200 (Osteometer; MediTech,
CA, USA). The site of measurement in the distal radius
was the region between the point where the radius
and the ulna are separated by 8mm and a point 24 mm
in the proximal direction from that point. The mean
coefficient of variation (100 X SD/mean) of five mea-
surements, each time repositioned within 72h, was 0.9%
in ten persons. BMD was assessed at baseline and 6, 12,
18, and 24 months after the treatment started.

Assessment of vertebral fractures

At the beginning of the study, plain X-ray examination
of the thoracic and lumbar spines was performed to find
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evidence of vertebral fractures. At the end of the study,
plain X-ray examination of the thoracic and lumbar
spines was also performed to assess the incidence of
new vertebral fractures during the treatment. Vertebral
fracture was defined according to vertebral height ob-
tained from lateral X-ray films, based on the Japanese
criteria.?® Briefly, vertebral height was measured at the
anterior (A), center (C), and posterior (P); when (1)
more than 20% reduction of vertebral height (A, C, and
P) compared with the neighboring vertebrae was ob-
served; (2) C/A or C/P was less than 0.8; or (3) A/P was
less than 0.75, the presence of vertebral fracture was
confirmed.

Statistical analysis

Data values are expressed as means * standard error
(SE). Analysis of variance (ANOVA) with Fisher’s
protected least significant difference (PLSD) test was
used to compare differences in baseline characteristics
among the three groups. One-way ANOVA with re-
peated measurements was used to examine the signifi-
cance of longitudinal changes in BMD in each group.
Two-way ANOVA with repeated measurements was
used to compare the longitudinal changes in BMD
among the three groups. The y>-test was used to com-
pare the indices of new vertebral fractures/1000 patient-
years, as the fracture incidence. 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. The mean age of the subjects in the E, M, and
C groups was 64.3, 65.4, and 66.0 years, respectively.
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
three groups. The mean initial forearm BMD of the
subjects in the E, M, and C groups was 0.245, 0.246, and
0.254 g/cm?, respectively. There were no significant dif-
ferences in initial forearm BMD among the three
groups.

Changes in BMD

Figure 1 shows the longitudinal percent changes in fore-
arm BMD. In the C group, the mean percent changes in
BMD were —1.4% at 6 months, —2.4% at 12 months,
—1.7% at 18 months, and —1.7% at 24 months com-
pared with baseline, and these longitudinal changes
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Table 1. Characteristics of study subjects
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E M C

(n = 25) (n = 23) (n = 24)
Age (years) 643 1.3 654 1.2 66.0 = 1.1
Height (m) 1.48 = 0.01 1.47 = 0.01 1.47 £ 0.01
Body weight (kg) 463 + 1.7 447 + 19 453 + 1.7
Body mass index (kg/m?) 212 = 0.7 20.6 = 0.7 209 = 0.6
Years since menopause 170 £ 1.3 183 = 1.5 16.0 £ 1.2
Serum calcium (mg/dl) 92 = 0.1 92 0.1 93 0.1
Serum phosphorus (mg/dl) 33 0.1 3301 32 0.1
Serum ALP (IU/) 2323+ 9.6 232.8 £ 9.6 223.8 9.8
Calcium intake (mg/day) 498.3 = 25.6 487.5 = 29.8 5122 =352
Forearm BMD (g/cm?) 0.245 £ 0.017 0.246 = 0.017 0.254 = 0.013

Data values are expressed as means + SE. There were no significant differences in any character-
istics at baseline among the three groups (by analysis of variance [ANOVA] with Fisher’s pro-
tected least significant difference [PLSD] test). E, Etidronate administration; M, menatetrenone
administration; C, calcium lactate administration (control); BMD, bone mineral density; ALP,

alkaline phosphatase
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Fig. 1. Longitudinal percent changes in forearm bone mineral
density (BMD). Data values are expressed as means = SE.
One-way analysis of variance (ANOVA) with repeated mea-
surements showed a significant decrease in BMD in the C
group (P < 0.0001), no significant changes in BMD in the M
group, and a significant increase in BMD in the E group (P
< 0.01). Two-way ANOVA with repeated measurements
showed a significant increase in BMD in the M group com-
pared with the C group (P < 0.0001), and a significant increase
in BMD in the E group compared with the C and M groups
(P < 0.0001 and P < 0.01, respectively). E, Etidronate ad-
ministration; M, menatetrenone administration; C, calcium
lactate administration (control)

were significant (P < 0.0001, one-way ANOVA). The
corresponding changes in the E group were +1.0%,
+2.2%, +2.3%, and +2.1%, and these longitudinal
changes were significant (P < 0.01, one-way ANOVA).
The corresponding changes in the M group were
—0.7%, —0.8%, +0.2%, and —0.1%, and these longitu-
dinal changes were not significant (one-way ANOVA).
Two-way ANOVA with repeated measurements

showed a significant increase in BMD in the M group
compared with the C group (P < 0.0001), and a sig-
nificant increase in the E group compared with the C
and M groups (P < 0.0001 and P < 0.01, respectively).

Incidence of vertebral fractures

At the beginning of the study, plain X-ray examination
of the thoracic and lumbar spines revealed evidence of
vertebral fractures in eight patients in the E group, in
seven patients in the M group, and in seven patients in
the C group. In the E group, 1 vertebral fracture was
observed in four patients, 2 vertebral fractures in three
patients, and 3 vertebral fractures in one patient; in
total, 13 vertebral fractures (9 thoracic and 4 lumbar
vertebral fractures) were observed. In the M group,
1 vertebral fracture was observed in four patients and
2 vertebral fractures in three patients; in total, 10
vertebral fractures (7 thoracic and 3 lumbar vertebral
fractures) were observed. In the C group, 1 vertebral
fracture was observed in three patients, 2 vertebral frac-
tures in three patients, and 3 vertebral fractures in one
patient; in total, 12 vertebral fractures (7 thoracic and 5
lumbar vertebral fractures) were observed.

A vertebral fracture occurred during the 24-month
period of treatment in two patients in the E group, in
two patients in the M group, and in six patients in the C
group. In each of the E and M groups, a thoracic ver-
tebral fractures occurred in two patients who had not
revealed any vertebral fractures at baseline. In the C
group, a thoracic vertebral fracture occurred in each of
two patients who had not revealed any vertebral frac-
tures at baseline. A thoracic vertebral fracture also oc-
curred in each of two had patients who had revealed one
or two vertebral fractures at baseline, and a lumbar
vertebral fracture occurred in each of two patients who
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had revealed two or three vertebral fractures at
baseline.

The indices of new vertebral fractures/1000 patient-
years in the E, M, and C groups were 40.0, 43.5, and
125.0, respectively. The indices of new vertebral frac-
tures/1000 patient-years in the E and M groups were
significantly higher than that in the C group (* = 47.7;
P < 0.0001 and 2 = 42.4; P < 0.0001, respectively), and
did not differ significantly between the E and M groups
(x> = 0.2; P = 0.6557). The rate of reduction of occur-
rence of a new vertebral fracture in the E and M groups
compared with the C group was 68.0% and 65.2%, re-
spectively. During the treatment, none of the subjects
suffered from any other fractures, in the hip, wrist, or
shoulder joints.

Adverse effects

Adverse effects, such as gastrointestinal symptoms, oc-
curred primarily during the first 4 weeks of treatment, in
five patients in the E group and in two patients in the
C group. However, other adverse effects, such as skin,
nervous system, musculoskeletal, or urinary tract-
related symptoms were not observed in patients in the
E and C groups. In patients in the M group, adverse
effects, such as gastrointestinal, skin, nervous system,
musculoskeletal or urinary tract-related symptoms were
not observed.

Discussion

Inadequate intake of calcium and vitamin D and inad-
equate exposure to sunlight seem to be some of the
major reasons for the increase in the population with
osteoporosis.>”® Inadequate exposure to sunlight, in
particular, results in decreased production of vitamin
D,, and induces vitamin D, deficiency with inadequate
vitamin D intake. Therefore, calcium and vitamin D,
supplementation may be one of the reasonable thera-
peutic approaches to the treatment of osteoporosis. In
the present study, because inconsistent intake of cal-
cium and vitamin D among the subjects could affect
BMD, daily intake of calcium and vitamin D was unified
through nutritional treatment. The daily nutritional in-
take of calcium and vitamin D in the present study was
determined based on the previous reports,>*%!1°?* and it
was expected to be of value in maintaining bone health
in postmenopausal or elderly women.

Although the effects of calcium supplementation on
BMD in postmenopausal women with osteoporosis
have not always been consistent, it is possible that cal-
cium supplementation may have little effect in prevent-
ing bone loss in women early after menopause, but may
have the potential to bring about a positive effect on
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bone mass in women late after menopause, who are
elderly, have a low-calcium diet, and/or have apparent
evidence of osteoporosis.>* The patients in our control
group were given supplemental calcium, 2g of calcium
lactate (267 mg of elemental calcium) daily, as a treat-
ment for osteoporosis, which was expected to bring
about beneficial effects on BMD. However, calcium
supplementation could not maintain forearm BMD.
This is probably because the factors of age, calcium
intake at baseline, and/or evidence of osteoporosis in
the subjects in the present study did not have enough
power to result in a positive effect on forearm BMD.
Further study with a large number of subjects and a
long duration of observation may be needed to clarify
whether calcium supplementation results in a positive
effect on forearm BMD in such postmenopausal oste-
oporotic women as the subjects in the present study.

Etidronate a bisphosphonate, is an antiresorptive
agent. Intermittent cyclical administration of etidronate
has been shown to increase BMD in postmenopausal
women with osteoporosis.”!®14212325323438 With regard
to its mechanism of action, bisphosphonate has been
shown to suppress bone remodeling (decreased bone
resorption followed by decreased bone formation) in
postmenopausal women."!> Available evidence suggests
that the administration of bisphosphonate to postmeno-
pausal women suppresses osteoclastic activity and
decreases the depth of erosion in trabecular bone, re-
sulting in an increase in cancellous bone mass.3'333% Re-
cently, the rate of increase in bone mineral content or
density from baseline as a result of etidronate treatment
with vitamin D supplementation for 1-4 years has been
reported to be 3.2%-15.9% (mean, 6.3%) in the lumbar
spine,>10.14212325323438 (). 9%-55% (mean 2.6%) in the
femoral neck,'*?2328 and 1.5% in the forearm.?? These
results suggest that bone response to etidronate admin-
istration in postmenopausal women may be greater in
the lumbar spine than in the femoral neck and the fore-
arm. In the present study, a similar increase in forearm
BMD (2.1%) was observed through the 24-month pe-
riod of intermittent cyclical administration of etidro-
nate. Intermittent cyclical administration of etidronate
significantly increased BMD, probably by suppressing
bone resorption.

Vitamin K,, menatetrenone, is known to be essential
for the carboxylation of osteocalcin.'>?® Because non-
carboxylated osteocalcin cannot bind to hydroxya-
patite in mineralized tissues until the y-carboxylation
of osteocalcin occurs,'*? vitamin K, may play a role in
mineralization in bone. In addition, an inhibitory effect
of vitamin K, on bone resorption in vitro has also been
reported.!! Based on these results of experimental stud-
ies, administration of menatetrenone to postmenopau-
sal women with osteoporosis was expected to not only
increase bone formation but also to decrease bone
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resorption. A few well controlled prospective clinical
studies have been reported concerning the effect of
menatetrenone administration on lumbar BMD in post-
menopausal women.'** Available evidence suggests
that the administration of menatetrenone to post-
menopausal women with osteoporosis increased bone
formation without any significant alterations in bone
resorption, resulting in sustained lumbar BMD.* Thus,
clinically, menatetrenone administration seems to just
sustain lumbar BMD in postmenopausal women with
osteoporosis, probably not by decreasing bone resorp-
tion but by increasing bone formation (mineralization
of bone). It is possible that, in the present study, be-
cause the administration of menatetrenone did not
significantly suppress bone resorption in a state of in-
creased bone resorption (remodeling), there were no
significant changes in BMD from baseline, and there
was only a small increase in BMD compared with that in
the controls with administered calcium, in contrast to
etidronate administration, which significantly increased
BMD by suppressing bone resorption.

The correlation between lumbar BMD and the inci-
dence of vertebral fractures should be examined. How-
ever, because elderly patients often have degenerative
disc diseases and/or osteoporotic vertebral fractures
in the lumbar spine, it is often not possible to evaluate
lumbar BMD. Based on a recent report suggesting that
forearm BMD could identify patients with osteoporosis
in the spine or femoral neck,” we measured BMD in the
skeletal site of the forearm, rather than the lumbar
spine. Both etidronate and menatetrenone administra-
tion reduced the incidence of vertebral fractures com-
pared with the incidence in controls with administered
calcium. While etidronate administration increased
forearm BMD and reduced the incidence of vertebral
fractures, the effect of menatetrenone administration
was apparent as a reduction in the incidence of verte-
bral fractures (an increase in bone quality), rather than
as an increase in forearm BMD (an increase in bone
quantity). The percent reduction in the occurrence of
new vertebral fractures has been reported to be 30.0%—
88.9% (mean, 59.7%) with etidronate treatment and
vitamin D supplementation for 2.5-4 years,?-?3* and
64.0% with menatetrenone treatment for 24 months.®
The reduction in the incidence of new vertebral frac-
tures seems to be similar for etidronate and menatetre-
none administration. This supports the concept that
a stronger effect on BMD does not guarantee more
efficient prevention of new fractures.?

The mechanism by which menatetrenone significantly
reduced the incidence of new vertebral fractures, de-
spite inducing no significant increase in BMD, remains
unclear. Because the effects of menatetrenone on bone
turnover may be quite different from those seen with
potent inhibitors of bone resorption, such as the bis-
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phosphonate, etidronate, the mechanism of the pre-
vention of bone fractures by menatetrenone may be
different from that of etidronate. Shiraki et al.*® sug-
gested that menatetrenone possibly enhanced both the
v-carboxylation of glutamic residues and the secretion
of the osteocalcin molecule, resulting in the prevention
of new vertebral fractures, based on reports that
undercarboxylated osteocalcin could be associated with
bone fracture in osteoporosis.?’3>¥ Thus, menatetre-
none may reduce bone fracture in osteoporosis by en-
hancing bone mineralization, in contrast to etidronate,
which suppresses bone resorption and prevents bone
fracture. We speculate that, while strong suppression of
bone resorption in postmenopausal women with oste-
oporosis results in an increase in BMD and bone
mechanical strength, increased bone formation (miner-
alization of bone) may play an important role in an
increase in bone mechanical strength, rather than
BMD. Our results demonstrate evidence for the efficacy
of menatetrenone administration in increasing bone
mechanical strength.

In the present study, menatetrenone did not cause
adverse effects, such as gastrointestinal, skin, nervous
system, musculoskeletal, or wurinary tract-related
symptoms, while etidronate caused gastrointestinal
symptoms in 20% of the subjects. Menatetrenone is
contraindicatied in infants, pregnant or lactating
women, and patients who are taking warfarin; however,
none of the postmenopausal women in the present
study had a history of taking warfarin. Menatetrenone
may have some advantages over etidronate in terms of
the incidence of adverse effects.

The cost of a menatetrenone prescription (45 mg/day,
daily) for 24 months was greater (by about twofold)
than that of an etidronate prescription (200 mg/day, 14
days per 3 months). However, because the incidence of
new vertebral fractures was similar with the menate-
trenone and etidronate treatments, the cost of treat-
ment for fractures, including pain relief, may also be
similar. If both treatments are continued in all patients,
with no patients dropping out, the cost of osteoporosis
treatment, including the cost of medication and treat-
ment for relief of pain caused by vertebral fractures,
may be greater for menatetrenone treatment than for
etidronate treatment. However, if we consider that
compliance is better for menatetrenone treatment than
for intermittent cyclical etidronate treatment, menate-
trenone may have some advantages over etidronate in
terms of the total cost of the treatment for vertebral
fractures in osteoporotic patients, because of a lower
number of dropout patients and, subsequently, fewer
patients who experience new vertebral fractures.

In conclusion, the present preliminary study provides
evidence suggesting that menatetrenone, despite induc-
ing a lower increase in BMD than etidronate, may have
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the potential to reduce osteoporotic vertebral fractures
in postmenopausal women with osteoporosis as well as
etidronate. In postmenopausal women with osteoporo-
sis, menatetrenone seems to be effective for the preven-
tion of osteoporotic vertebral fractures, rather than for
increasing BMD. Further study with a large number of
subjects and a long duration of observation may be
needed to confirm the efficacy of menatetrenone for the
treatment of osteoporosis.
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