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ABSTRACT

Background Bone mineral densitometry has been
proven to be a powerful tool for the diagnosis and treat-
ment of osteoporosis, which is increasing with aging of
the population, but opportunities to perform bone min-
eral densitometry in elderly facility residents, who are
at a high risk of fracture, are scarce.

Methods We measured the bone mineral density in
315 residents of 5 care facilities for the aged in middle
Tottori Prefecture from 2002 to 2006. We also evalu-
ated residents of an elderly nursing home with a history
of fragility fracture and those with osteoporosis who
were administered risedronate for its therapeutic effect.
Results The bone mineral density was less than
70% of the young adult mean in 161 (51.1%) of the 315
subjects (aged 83.1 £ 7.8 years), 149 (57.8%) of the 258
women (83.9 + 7.2 years), and 12 (21.1%) of the 57 men
(79.8 + 9.3 years). In the 13 subjects who were admin-
istered risedronate, the bone mineral density increased
from 65.8 to 67.2% of the young adult mean from
before to after the beginning of administration, but it
decreased in the control group (n = 9). In those admin-
istered risedronate, the urinary level of N-telopeptide (a
marker for bone resorption) began to decrease 3 months
after the beginning of the administration and showed a
significant decrease after 11 months (n = 8) compared
with the control group. The mean pain score based on
the visual analogue scale showed significant reduction
in the risedronate group compared with the control
group.

Conclusion The bone mineral density was low in the
facility residents and was less than 70% of the young
adult mean in 57.8% of women and in 21.1% of men,
more frequently than expected. Bone resorption and
osteoporotic pain were suppressed by risedronate in os-
teopenic patients in such care facility.

Key words  bone mineral density; care facilities for

the aged; osteoporosis; risedronate; young adult mean

In Japan, patients with osteoporosis are increasing an-
nually with the rapid aging of the population.! Since
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fracture due to osteoporosis leads to serious disabilities
and a decrease in the quality of life, which may even
be fatal,' its management has emerged as an important
social as well as medical issue.>~* Osteoporosis used to
be understood simply as aging of bone, but, in the late
1980s, a few cohort studies involving local residents
were also carried out in Japan, evaluating the incidence
and effects of fracture due to osteoporosis, and indicat-
ing the importance of its prevention.! Moreover, the
concept of evidence-based medicine proposed in the
1990s has also been adopted in the field of osteoporosis
as a basic position of clinical medicine, and successive
large-scale clinical trials with fracture as an endpoint
have been conducted in Western countries since 1994.
The spread of bone mineral analysis using a bone min-
eral analyzer and the availability of objective evaluation
of the state of bone metabolism based on the measure-
ments of bone metabolic markers have markedly con-
tributed to this trend.? As a result, in 1998, the Working
Group of the Osteoporosis Study Group, Ministry of
Health, Labour and Welfare Comprehensive Research
on Longevity evaluated and organized information
concerning anti-osteoporosis medications from objec-
tive viewpoints on the basis of the concept of evidence-
based medicine and prepared the Japanese Guidelines
for the Prevention and Treatment of Osteoporosis.> #
Thereafter, the necessity of the prevention and treat-
ment of osteoporosis has become widely recognized,
and the guidelines have also been revised and widely
accepted.*

However, patients who can undergo bone mineral
screening or measurement are limited to those who
can visit departments such as the Departments of Or-
thopedics and Gynecology of a medical facility with
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a bone mineral analyzer. The bone mineral density
(BMD) has been shown to increase even in osteoporotic
elderly people by making conscious efforts to walk,’
and screening for osteoporosis is considered necessary
for elderly care such as in long-term care facilities, in
which many users are elderly people with a low activ-
ity level. The number of cases of hip fracture in Japan
is estimated to exceed 120 thousand a year, about 10%
of those who sustain the injury die within 1 year, and
about 30% show declines in activities of daily living.
Also, skeletal deformities secondary to fracture cause a
bedridden state or chronic lumbar pain, hump back, and
a decrease in height, which impair activities of daily
living and increase the necessity for long-term care.” 8

Many residents of care facilities are elderly people
at a constant risk of fracture associated with falling,
etc., and its prevention is very important. The evaluation
of factors related to the bone strength as well as lifestyle
and living environment is necessary for the prevention
of fracture. In this study, the prevalence of osteoporosis
was investigated in residents of long-term care facilities
in middle Tottori Prefecture and the effect of therapeu-
tic intervention was evaluated in those who have few
chances to be prescribed.

SUBJECTS AND METHODS

This study was carried out with approval (approval num-
ber 2301) by the Ethics Committee of Tottori University.

Prevalence of osteoporosis

The study was carried out between 2002 and 2006 in
315 who consented to cooperate in the study of 450 resi-
dents of 5 care facilities for the aged in middle Tottori
Prefecture. The total capacity of 8 facilities were 572 in
maximal number in the same district, residents of rest 3
facilities were not requested because of the lack of per-
mission from the head of these facilities.

The BMD was measured using an ultrasound bone
mineral densitometer (AOS-100N'W, Hitachi-Aloka
Medical, Tokyo, Japan) in the right calcaneus. This den-
sitometer was convenient to use at care facilities for the
aged, because it required a short time for measurement,
permitted dry measurement without using water, and
needed no special facility as it emitted no radiation.

For comparison of the BMD with middle-aged to
elderly residents of the same area in middle Tottori Pre-
fecture, it was also measured in those who underwent
comprehensive health screening at Hospital A and con-
sented to the measurement (using an ultrasound bone
mineral densitometer, Benus III, Ishikawa Seisakusho,
Hakusan, Japan).

In 1996, the Japanese Society for Bone and Mineral
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Research proposed diagnostic criteria for osteoporosis
by taking the BMD into consideration, and set cutoff
values at < 70% of the mean BMD of those aged 20 to
44 years (the young adult mean; YAM) for osteoporosis
and 70 to 80% of the YAM for low BMD concerning
Japanese women.’? In the 2000 revision, the cutoff value
for the diagnosis of osteoporosis was also evaluated for
men, and it was concluded that about 70% of the YAM
was appropriate for the discrimination of a high-risk
group for fracture in men as well as women.!” We ad-
opted this criteria to detect the prevalence of osteoporo-
sis in the residents of care facilities.

Effects of pharmacotherapy

The effects of pharmacotherapy were evaluated in
the residents of a nursing home for the aged in middle
Tottori Prefecture (Nursing Home B, one of 5 facili-
ties). The BMD was measured using an ultrasound bone
densitometer (AOS-100NW, Hitachi-Aloka Medical)
in the right calcaneus. As a treatment, sodium rise-
dronate (Benet, Takeda Pharmaceutical, Tokyo) was
administered at 2.5 mg (once daily) to those with a his-
tory of fragility fracture and those with a BMD < 70%
of YAM, and those who consented were followed up.
Residents in Nursing Home B with same conditions as
treated patients and those who consented to non-treat-
ment were also followed up as the control. Risedronate
is expected to reduce bone resorption'! > and improve
low back pain even in residents without vertebral frac-
tures."?

Biological indices that specifically reflect bone
metabolism have been confirmed to be useful as bone
metabolic markers for the evaluation of bone turnover
in bone remodeling, classification of disease types, and
evaluation of therapeutic effects in metabolic bone dis-
orders such as osteoporosis.'*~'% The measurement of
the urinary levels of deoxypyridine and cross-linked N
telopeptide of type I collagen (NTX) for osteoporosis
began to be covered by insurance in December 1999. In
this study, the urinary excretion of the bone resorption
marker NTX was measured as an index of the thera-
peutic effect every 3 months for about 1 year. The mea-
surement, commissioned to SRL (Tokyo, Japan), was
carried out by enzyme-linked immunosorbent assay.
For evaluation of the urinary NTX level, the value was
corrected for the creatinine level [creatinine-corrected
NTX level = (NTX concentration/creatinine concentra-
tion) x 11.3] in consideration of the effect of the renal
function.

The number of fracture cases was investigated by
preparing a check sheet and obtaining cooperation of
the staff of Nursing Home B. As for physical findings,
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Fig. 1. BMD in facility residents. The BMD of the right calca-
neus in 315 residents of 5 care facilities for the aged is expressed
as the percentage of the YAM (vertical axis) and plotted against
age (horizontal axis). In women (O), the approximation line is y =
—0.2762x + 92.69 (solid line). In men (@), the approximation line

is y =-0.1321x + 87.667 (dashed line). BMD, bone mineral den-
sity; YAM, young adult mean.
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changes in the blood pressure were investigated using
medical records. Pain was evaluated by quantification
using Huskisson’s visual analog scale'” (VAS; 0 mm =
no pain, 100 mm = worst pain possible).

Statistics
Data of the 2 groups were compared using Student’s 7-
test.

RESULTS

Prevalence of osteoporosis

The 315 subjects consisted of 57 men (mean age: 79.8 +
9.3 years, range: 58—97 years) and 258 women (83.9 + 7.2
years, range: 53—100 years). The approximation curve
of the relationship between the BMD as the percent-
age of the YAM and age was y = —0.2762x + 92.69 in
women and y = —0.1321x + 87.667 in men (Fig. 1).

The BMD was < 70% of the YAM in 161 (51.5%)
of the 315 subjects, 149 (57.8%) of the 258 women, and
12 (21.1%) of the 57 men. The percentage of those in
whom the BMD was < 70% of the YAM was about 2.4-
fold higher in women. As shown in the right of Fig. 2,
in those who underwent comprehensive health screen-
ing at Hospital A, it was < 70% of the YAM in only 1
(1.1%) of all 91 subjects, 1 (1.3%) of the 78 women and
none (0%) of the 13 men. The relationship between the
BMD as the percentage of the YAM, the rate of BMD
< 70% of the YAM and age are shown also in Table 1.
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The difference between the BMD in facility residents
and in health screenees (control) is apparent even in the
same age groups.

Effects of pharmacotherapy

In the subjects at Nursing Home B, the administration
of sodium risedronate was recommended to 14 and ini-
tiated in 13 (2 men and 11 women with a mean age of
83.0 £ 5.3 years, range: 77-91 years). The patient’s re-
cords showed that all patient had good compliance with
their prescribed regimen. Fourteen similar residents
(1 men and 13 women with a mean age of 87.6 + 5.5
years, range: 83—100 years) who consented were allo-
cated to the control. The BMD in the patients in whom
it could be measured before and after the treatment (n =
6) was 65.8 and 67.2% of the YAM, respectively (Fig. 3).
Its changing rate is +2.0 = 2.0% in the treated subjects
and -3.5 = 2.2% in the controls (n = 9) (P = 0.06).

Of the patients administered sodium risedronate,
urine samples could be obtained during the treatment
period from 8. The urinary NTX level (creatinine-
corrected) decreased significantly 3 and 11 months after
the beginning of the administration compared with the
pre-administration value and was significantly lower
than in the control group after 11 months (Fig. 4).

During the observation period, no fracture occurred
in the treated or control group. The mean pain score
on the VAS decreased by 16.0 + 5.8 mm in the treated
group but showed slight decrease by 2.3 + 4.1 mm in
the control group. There is a significant difference be-
tween these values (P < 0.05).

The mean systolic blood pressure was 126.4 + 4.1
mmHg before and 125.7 + 4.5 mmHg after the ad-
ministration in the treated group. In the control group,
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Fig. 2. Percentage of those with a BMD < 70% of the YAM in
facility residents and health screenees. The left graph shows
the percentages of those with a BMD < 70% of the YAM in all
(51.1%, grey column), female (57.8%, white column) and male
(21.1%, black column) facility residents. The right graph shows
the percentages in all (1.1%), female (1.3%) and male (0%) health
screenees. BMD, bone mineral density; YAM, young adult mean.
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Table 1. BMD and number of those < 70%YAM by age group

Age group (yn)
50-59 60-69 70-79 80-89 90-99 100-109 Total
Residents
Total number 2 15 74 155 68 1 315
BMD (%YAM) 76 =127 77.8 £9.6* 73.3 +8.6* 699 +9.0 689+73 70
<70% YAM 1 (50%) 2 (133%) 26 (351%) 85 (54.8%) 47 (69.1%) 0 (0%)
Female 1 8 55 133 60 1 258
BMD (%YAM) 85 75.1 = 7.8* 71.8+73 687 75 68.1 £6.2 70
<70%YAM 0 (0%) 2 (25%) 23 41.8%) 81 (609%) 43 (71.7%) 0 (0%)
Male 1 7 19 22 8 0 57
BMD (%YAM) 67 809 =11 777 =107 769 =137 T45+119
<70%YAM 1 (100%) 0 (0%) 3 (15.8%) 4 (18.2%) 4 (50%) 0 (0%)
Controls

Total number 40 4 3 47
BMD (%YAM) 934129 934 +11.6 88.6 +3.1
<70% YAM 1 (2.5%) 0 (0%) 0 (0%)
Female 34 4 1 39
BMD (%YAM) 92.6+129 934 +11.6 88.4
<70% YAM 1 29%) 0 (0%) 0 (0%)
Male 6 0 2 8
BMD (% YAM) 978 +13.3 - 88.8+4.3
<70% YAM 0 (0%) - 0 (0%)

Residents: residents in 5 care facilities for the aged. Controls: health screenees at Hospital A.
< 70%YAM, number of subjects in whom the BMD is < 70% of the YAM; BMD (%YAM), bone mineral density as the percentage of the

YAM (%YAM); YAM, young adult mean (age: 20—44 years).
*P < 0.05 compared with the values in control.

however, it had somewhat increased from 125.3 + 4.6
mmHg to 132.3 + 4.0 mmHg at the end of the observa-
tion period, without significant difference in changes
between the 2 groups..
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Fig. 3. Changes in the BMD as a percentage of the YAM between
before and after the administration of sodium risedronate. The left
bar graph shows the mean BMD as a percentage of the YAM in
the risedronate-treated group before (left) and after (right) the ad-
ministration (n = 6). The right graph shows the mean values in the
control group before (left) and after (right) the same observation
period (n = 9). Data are expressed as mean = SEM. BMD, bone
mineral density; YAM, young adult mean.
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DISCUSSION

There are many reports describing the BMD in the el-
derly patients or elderly community residents. However,
We have little knowledge about BMD of the aged in
the care facilities especially in the Tottori Prefecture
due to lack of chances to measurement. It is the first
report concerning the BMD for such facility residents
in Tottori prefecture. In the present study, we showed
that the BMD was lower in older subjects, as was gen-
erally expected in the residents of 5 care facilities for
the aged. Fujiwara et al. evaluated bone mineral den-
sitometry data of 3,248 persons among the subjects
of an epidemiological study selected from citizens of
Hiroshima and Nagasaki Cities and reported, according
to the diagnostic criteria of 1996, that the prevalence of
osteoporosis was 24% (BMD in the lumbar vertebra)
and 27% (BMD in the hip) in women aged 50 years and
above.!® In males aged 50 years and above, also, they
reported that 3.2% were diagnosed with osteoporosis
with a cutoff BMD of < 70% of the YAM (lumbar ver-
tebra).!® It was low in more women than men, showing
a gender difference. Since a gender difference similar to
that observed in this study has been reported in many
previous regular studies,'”” Moreover, from the gender
and age distribution of the prevalence of osteoporosis,
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Fig. 4. Changes in the creatinine-corrected urinary cross-linked
N telopeptide of type I collagen (NTX) level. Changes in the
creatinine-corrected urinary NTX level after the administration
of sodium risedronate at 2.5 mg are shown as a ratio of the value
before administration (= 1). The values in the group administered
sodium risedronate (@) showed significant decreases after 3 and
11 months (¥) compared with the pre-administration value (n = 8).
The values in the control group (O) also fluctuated but showed no
significant change compared with the pre-administration value (n
= 7). The urinary NTX concentration did not differ significantly
between the risedronate-treated and control groups before the ad-
ministration but differed significantly after 11-month administra-
tion (7). Data are expressed as mean + SEM.

Yamamoto reported that the prevalence of osteoporosis
was increasing with age in both men and women and
that it was about 3-fold higher in women than in men.?°
In our study, also, the prevalence of osteoporosis in the
facility residents was about 2.4-fold higher in women
than in men. In our subjects, women were predominant,
accounting for 81.9%. This may be related to very low
bone mass of this study.

The percentage of those in whom the BMD of the
lumbar vertebra was < 70% of the YAM among women
aged 50 years and above, calculated from the popula-
tion in 2000 estimated by the Ministry of Health, Labor
and Welfare was reported to be 29.2%.> The percentage
of those in whom the BMD of the calcaneus was < 70%
of the YAM in women aged 50 years and above among
the subjects of this study was about 57.8%, and this high
frequency is suspected to be due to the presence of un-
derlying diseases and the consequent low activity level.
Yamazaki et al. reported that the BMD increases due to
suppression of bone turnover in postmenopausal women
regularly practicing outdoor walking compared with
those with no such habit. It has also been reported that
the decrease in the BMD during a 10-year period was
correlated with a decrease in activities of daily living in
people aged 60 years and above.”! Considering these re-
ports, the low bone mass observed in our subjects may
have been associated with a low activity level as a char-
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acteristic of the facility residents or combined effects of
multiple factors. Concerning Western populations re-
sembling the subjects of our study, there is also a report
that osteoporosis was observed in 47% of the postmeno-
pausal women (mean age: 79 + 10 years) admitted to a
nursing home who underwent BMD measurements.??
Compared with this value, also, the prevalence of osteo-
porosis in our subjects (57.8%) was high.

However, the prevalence of osteoporosis was mark-
edly lower in the health screenees than in the facility
residents, probably because the health screenees were
more active and younger. Therefore, to detect osteopo-
rosis, it is considered necessary to screen those consult-
ing for medical services other than a comprehensive
health checkup. Also, as the subjects of this study were
facility residents, investigation of, and comparison with,
the elderly living at home are considered necessary.

Recently, a nation-wide survey in Japan revealed
rapid increases in hip fracture over the last 10 years, and
the necessity of treatment for osteoporosis and measures
to prevent falls as well as appropriate treatment for hip
fracture has been suggested.?? In Japan, bisphosphonate
is most widely known and studied among drugs for the
treatment of osteoporosis.! Risedronate is a bisphos-
phonate which reduces resorption and bone turnover
by inhibiting osteoclast activity. Risedronate has been
shown to increase BMD and inhibit vertebral and hip
fractures. Then, bisphosphonate preparations including
sodium risedronate have been administered to patients
with osteoporosis alone,?* those with osteoporosis and
vertebral fracture,!: 12 and those after stroke,?> 2° and
their effectiveness for fracture prevention and cost-
effectiveness have been evaluated. Among these stud-
ies, Ding et al.”” reported that the cost-effectiveness
of risedronate was poor in Japanese women aged 55
years or above and even those aged 70 years or above if
they have no history of vertebral fracture. However, on
the basis of the results of a survey of residents of vari-
ous care facilities including homes for elderly people
with dementia in the United Kingdom, Aspray et al.?®
contended that the risk of fracture at these facilities is
ignored and that treatment is necessary. As far as we
searched, effect of risedronate has not been examined
in the residents in care facilities except for hospitalized
disabled patients after stroke in Japan.? In this regard,
it appears reasonable that patients who consented were
treated at our study in care facilities for prevention
against new fracture, and reduction of pain'® concern-
ing low bone mass.

There is a report that bisphosphonate increases the
BMD but its preventive effect on postmenopausal frac-
ture is insufficient without sufficient drug compliance,?
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and a significant correlation between the compliance
with bisphosphonate therapy and risk of fracture has
been noted.’® Particularly, drug compliance is likely to
be poor when patients are asymptomatic, as in osteopo-
rosis, and marked compliance has been reported to be
related to BMD measurement after the administration
and being nursing home residents,? both of which ap-
plied to our subjects. In this study, as a result of check-
ing the administration using a check sheet, compliance
with the risedronate therapy was satisfactory. Therefore,
while the BMD decreased by 3.5% of the YAM in the
control group, it increased by 2% in the treated group,
probably because of the effect of the administration.

A long time is needed to evaluate the fracture-
preventive effect, which is the ultimate objective of
treatment for osteoporosis, and the BMD and bone
metabolic markers, which suggest the course of its
changes, are monitored as short-term indices. Bone
formation and bone resorption play key roles in main-
taining the bone mass and quality. There are different
markers of bone formation and resorption, and they are
useful because their measurements by blood tests or
urinalysis permit simple evaluation of the state of bone
metabolism.!® If bone turnover is enhanced, aggressive
treatment is considered necessary, because not only is
the decrease in the BMD accelerated, but also the risk
of fracture is increased regardless of the BMD.3? Hu-
man bone is composed primarily of calcium phosphate
and type I collagen, and if bone is decomposed by
osteoclasts, NTX, a degradation product of type I col-
lagen, is excreted into blood and, then, urine. Therefore,
the degree of bone decomposition can be evaluated by
measuring urinary NTX, and the urinary NTX level is
used for the diagnosis of osteoporosis and its responses
to treatment."> 1© The urinary NTX level, which reflects
bone resorption, has been reported to be inversely cor-
related with the BMD, to be reduced by antiresorptive
therapies, and to be more sensitive than the serum NTX
level.*3> While the BMD is an index representing the
results of past bone metabolism, the NTX level repre-
sents the present degree of bone resorption and predicts
decreases in the BMD in the near future.!® Thus, people
with a high NTX level are considered to reach a high-
risk zone for fracture earlier than those with about the
same BMD but a low NTX level.l> Therefore, people
with a low bone mass and low NTX, in particular, may
require more aggressive treatment. In treating osteopo-
rosis or reducing the risk of fracture, a bone turnover
marker is considered to be significant as an intermediate
endpoint in an early period of treatment before changes
in the BMD become clear.’* Eastel et al.* reported not
only that early changes in the bone-turnover marker
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level were predictive of changes in the BMD, but also
that changes in the urinary NTX level 3 to 6 months
after the beginning of treatment with risedronate, etc.,
were correlated with decreases in the risk of vertebral
fracture. In this study, the creatinine-corrected urinary
NTX level decreased in the group treated with sodium
risedronate, suggesting that the drug suppressed bone
turnover and reduced the risk of fracture.

Since the administration of sodium risedronate had
been reported to be useful for improving the quality
of life?* as well as preventing spinal fracture and the
recurrence of femoral fracture, 3¢ similar effects were
expected in this study. Indeed, the significant difference
between the decrease in the pain score in the control
group and in the treated group may have been due to
improvement of pain induced by osteoporosis or dis-
orders associated with a low bone mass. However, no
fracture was observed during the observation period in
the treated or control group. This is considered to be
related to the small number of subjects and short obser-
vation period.

The systolic blood pressure was slightly increased
in the control group. This increase in the systolic blood
pressure may be related to a decrease in the BMD. This
is because reports that a low Ca intake and decrease
in the BMD associated with Ca loss were related to an
elevation of the blood pressure’’ and an increase in
the arterial stiffness was correlated with a decrease in
the BMD in hypertensive patients*’ suggest a relation-
ship between a decrease in the BMD and an elevation
of the blood pressure. However, as there is also a report
that the BMD was not associated with hypertension,*!
further evaluation is necessary.

There are some limitations to our investigation.
First, in this study, we used the criteria proposed in the
diagnostic guideline 2000'° to diagnose the osteoporo-
sis because this survey had been planned and performed
between 2002 and 2006. In the 2012 revision of the
guideline,*? for the definite diagnosis of osteoporosis,
ultrasound bone mineral densitometry determined to be
not appropriate. Second, the number of residents is too
small, and especially to detect a pharmacological effect
on the prevention of the bone fracture, the observation
period is too short.

The authors declare no conflict of interest.

REFERENCES

1 Nojiri S, Burge RT, Flynn JA, Foster SA, Sowa H. Osteopo-
rosis and treatments in Japan: management for preventing
subsequent fractures. J Bone Miner Metab. 2013;31:367-80.
Epub 2013 Mar 28. PMID: 23536192.

2 Cummings SR, Kelsey JL, Nevitt MC, O’Dowod KL. Epi-



10

11

12

13

14

15

16

17

BMD of aged residents in care facilities

demiology of osteoporosis and osteoporotic fractures. Epi-
demiol Rev. 1985;7:178-208. PMID: 3902494.

Orimo H, Ohta H, Kishimoto H, Shiraki M, Suzuki M,
Takaoka K, et al. [Japanese 2002 guidelines for the treat-
ment (drug treatment) of osteoporosis]. Life Science Pub-
lishing: Tokyo; 2002. Japanese.

Orimo H, Nakamura T, Hosoi T, Iki M, Uenishi K, Endo N,
et al. Japanese 2011 guidelines for prevention and treatment
of osteoporosis—executive summary. Arch Osteoporos.
2012;7:3-20. PMID: 23203733.

Yamazaki S, Ichimura S, Iwamoto J, Takeda T, Toyama
Y. Effect of walking exercise on bone metabolism in post-
menopausal women with osteopenia/osteoporosis. J Bone
Miner Metab. 2004;22:500-8. PMID: 15316873.

Committee for Osteoporosis Treatment of The Japanese Or-
thopedic Association. Nationwide survey of hip fractures in
Japan. J Orthop Sci. 2004;9:1-5. PMID: 14767697.
Jinbayashi H, Aoyagi K, Ross PD. Prevalence of vertebral
deformity and its associations with physical impairment
among Japanese women: The Hizen-Oshima Study. Osteo-
poros Int. 2002;13:723-30. PMID: 12195536.

Okochi J. Increase of mild disability in Japanese elders:
a seven year follow-up cohort study. BMC Public Health.
2005;5:55. PMID: 15924625. PMCID: 1175092.

Orimo H, Sugioka Y, Fukunaga M, Muto F, Hotokebuchi T,
Goki I, et al. [Diagnostic criteria for primary osteoporosis
(1996 revised version)]. Nihon Kotsutaisha Gakkai Zasshi.
1997;14:219-33. Japanese.

Orimo H, Hayashi Y, Fukunaga M, Sone T, Fujiwara S, Shi-
raki M, et al. Diagnostic criteria for primary osteoporosis:
year 2000 revision. J] Bone Miner Metab. 2001;19:331-7.
PMID: 11685647.

Eastell R, Barton I, Hannon RA, Chines A, Garnero P,
Delmas PD. Realationship of early changes in bone resorp-
tion to the reduction in fracture risk with risedronate. J
Bone Mineral Res. 2003;18:1051-6. PMID: 12817758.
Kushida K, Fukunaga M, Kishimoto H, Shiraki M, Itabashi
A, Inoue T, et al. A comparison of incidences of vertebral
fracture in Japanese patients with involutional osteoporo-
sis treated with risedronate and etidronate: a randomized,
double-masked trial. J] Bone Miner Metab. 2004;22:469-78.
PMID: 15316868.

Ohtori S, Akazawa T, Murata Y, Kinoshita T, Yamashita M,
Nakagawa K, et al. Risedronate decreases bone resorption
and improves low back pain in postmenopausal osteopo-
rosis patients without vertebral fractures. J Clin Neurosci.
2010;17:209-13. PMID: 20044258.

Delmas PD, Eastell R, Garnero P, Seibel MJ, Stepan J. A
position paper on the use of biochemical markers of bone
turnover in osteoporosis. Osteoporos Int. 2000;11(Suppl
6):52-17. PMID: 11193237.

Committee for the Evaluation of the Guidelines for the Use
of Bone Metabolic Markers in the Diagnosis and Treatment
of Osteoporosis. [Guidelines for the use of bone metabolic
markers in the diagnosis and treatment of osteoporosis (2004
edition)]. Osteoporosis Jpn. 2004;12:191-207. Japanese.
Nishizawa Y, Ohta H, Miura M, Inaba M, Ichimura S,
Shiraki M, et al. Guidelines for the use of bone metabolic
markers in the diagnosis and treatment of osteoporosis
(2012 edition). J] Bone Miner Metab. 2013;31:1-15. PMID:
23143508.

Huskisson EC. Measurement of pain. Lancet. 1974;2(7889):
1127-31. PMID: 4139420.

51

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Fujiwara S, Masunari N, Kodama K, Fukunaga M. [Exami-
nation of osteoporosis morbidity using cutoff values of the
lumbar and thighbone bone salt quantity]. Osteoporosis Jpn.
1997;5:223-6. Japanese.

Cawthon PM. Gender differences in osteoporosis and
fractures. Clin Orthop Relat Res. 2011;469:1900-5. PMID:
21264553.

Yamamoto I. [Estimation of the osteoporotic population].
Osteoporosis Jpn. 1999;7:10-11. Japanese.

Oka H, Yoshimura N, Kinoshita H, Saiga A, Kawaguchi
H, Nakamura K. Decreased activities of daily living and
associations with bone loss among aged residents in a rural
Japanese community: the Miyama Study. J Bone Miner
Metab. 2006;24:307-13. PMID: 16816925.

Gupta G, Aronow WS. Underuse of procedures for diagnos-
ing osteoporosis and of therapies for in older nursing home
residents. ] Am Med Assoc. 2003;4(Suppl 4):200-2. PMID:
12837141.

Hagino H, Sakamoto K, Harada A, Nakamura T, Mutoh Y,
Mori S, et al. Committee on Osteoporosis of The Japanese
Orthopaedic Association. Nationwide one-decade survey of
hip fractures in Japan. J Orthop Sci. 2010;15:737-45. PMID:
21116890.

Nakamura T, Osawa M, Itoh M, Yamaguchi H, linuma N,
Hayakawa Y, et al. The effect of risedronate (17.5 mg/week)
treatment on quality of life in Japanese women with osteo-
porosis: a prospective observational study. J Bone Miner
Metab. 2012;30:715-21. PMID: 22868656.

Sato Y, Iwamoto J, Kanoko T, Satoh K. Risedronate so-
dium therapy for prevention of hip fracture in men 65 years
or older after stroke. Arch Intern Med. 2005;165:1743-8.
PMID: 16087822.

Sato Y, Iwamoto J, Honda Y. Beneficial effect of etidronate
therapy in chronically hospitalized, disabled patients with
stroke. J Stroke Cerebrovasc Dis. 2010;19:198-203. PMID:
20434046.

Ding H, Koinuma N, Stevenson M, Ito M, Monma Y. The
cost-effectiveness of risedronate treatment in Japanese
women with osteoporosis. J] Bone Miner Metab. 2008;26:
34-41. PMID: 18095061.

Aspray TJ, Stevenson P, Abdy SE, Rawlings DJ, Holland
T, Francis RM. Low bone mineral density measurements
in care home residents—a treatable cause of fractures. Age
Ageing. 2006; 35: 37-41. PMID: 16364932.

Adachi J, Lvnch N, Middelhoven H, Hunian M, Cowell W.
The association between compliance and persistence with
bisphosphonate therapy and fracture risk: a review. BMC
Musouloskelet Disord. 2007;26;8:97. PMID: 17897451.
Penning-van Beest FJA, Erkens JA, Olson M, Herings
RMC. Loss of treatment benefit due to low compliance with
bisphosphonate therapy. Osteoporos Int. 2008;19:511-7.
PMID17874028.

Solomon DH, Avorn J, Katz JN, Finkelstein JS, Arnold M,
Polinski JM, et al. Compliance with osteoporosis medica-
tions. Arch Intern Med. 2005;165:2414-9. PMID: 16287772.
Orimo H, Nakamura T, Iki M, Uenishi K, Endo N, Ohta H,
et al. [Japanese 2006 guidelines for prevention and treat-
ment of osteoporosis]. Life Science Publishing: Tokyo;
2006. Japanese.

Civitelli R, Armamento-Villareal R, Napoli N. Bone turn-
over markers: understanding their value in clinical trials and
clinical practice. Osteoporos Int. 2009;20:843-51. PMID:
19190842.



34

35

36

37

T. Tokuda et al.

Bonnick SL, Shulman L. Monitoring osteoporosis therapy:
bone mineral density, bone turnover markers, or both? The
American Journal of Medicine. 2006;119(4A):25S-31S.
PMID: 16563938.

Eastell R, Hannon RA. Symposium on Diet and bone health
biomarkers of bone health and osteoporosis risk. Proceed-
ings of the Nutrition Society. 2008;67:157-62. PMID:
18412989.

Osaki M, Tatsuki K, Hashikawa T, Norimatsu T, Chiba K,
Motokawa S, et al. Beneficial effect of risedronate for pre-
venting recurrent hip fracture in the elderly Japanese wom-
en. Osteoporos Int. 2012; 23:695-703. PMID: 21394496.
Cappuccio FP, Meilahn E, Zmuda JM, Cauley JA. High
blood pressure and bone-mineral loss in elderly white wom-
en: a prospective study. Lancet. 1999; 354: 971-5. PMID:
10501357.

52

38

39

40

41

Jorde R, Sundsfjord J, Haug E, Bgnaa KH. Relation be-
tween low calcium intake, parathyroid hormone, and blood
pressure. Hypertension. 2000;35:1154-9. PMID: 10818080.
Tsuda K, Nishio I, Masuyama Y. Bone mineral density
in women with essential hypertension. Am J Hypertens.
2001;14:704-7. PMID: 11465657.

Masugata H, Senda S, Inukai M, Murao K, Hosomi N,
Iwado Y, et al. Association betwiin bone mineral density
and arterial stiffness in hypertensive patients. Tohoku J Exp
Med. 2011;233:85-90. PMID: 21263208.

Mussolino ME, Gillum RF. Bone mineral density and hy-
pertension prevalence in postmenopausal women: results
from the third national health and nutrition examination
survey. Ann Epidemiol. 2006;16:395-9. PMID: 16223587.

42 Soen S, Fukunaga M, Sugimoto T, Sone T, Fujiwara S, Endo

N, et al. Diagnostic criteria for primary osteoporosis: year
2012 revision. J Bone Miner Metab. 2013;31:247-57. PMID:
23553500.



