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Figure 5. In vitro und in vivo binding of RUNX-2 and the hypertrophy box (Y box). A, E leciropharetic mobility
shift assay (EMSA) for hinding of the digoxigenin-labeled HY box oligonucleotide probe with nuclear extracts
(N.E.) of COS-7 cells transfectead with empty vector (control), RUNX-2 alone, or RUNX-2 and core -hinding
factor j (CHFH). B, EMSA for binding of the wild-type (WT) and mutated HY box probes with nuclear extracs
of COS-7 cells transfected with RUNX-2 and CBF 3. Mutations (underlined) were created inside (m2 and m3)
and outside (m-out) the responsive region (from -81 bp to 76 bp: underlined). Cold competition with a
1i0-fold excess of unlabeled WT or mutated probes is shown, €, Chromatin immunoprecipitation wssay for in vivo
binding of RUNX-Z and the HY box. Cell lysates of HuH7 cells trunsfected with empty vector (control) or
RUNX-2 and CBES were amplificd with a peimer set (from 113 bp1o + 119 bp) spanning the HY box before
{mput) and after mmunoprecipitation with an anbbody w0 RUNX-2 or the control nonimmune 1gG or in the
absence of antibody (Ab [ |), Open arrowheads indicate the shifted bands of the RUNX-2-DNA probe comple:
solid arrowheads indicate the bands supershifted by an antibody 1o RUNX-2. See Figure 2 for other definitions.

mutations in the identified responsive region (mutation
1 at —80 bp. mutation 2 at —77 bp. and mutation 3 at
bath —80 bp and —77 bp) of the fragment between —339
bp and +39 bp (Figure 4A). Transactivation by RUNX-2
alone and in combination with CBFB was suppressed by
mutation 2 and mutation 3, but not by mutation 1,
indicating that the —77 bp site is crucial for the trans-
activation of COL10AT by RUNX-2. Luciferase assays
by 1=15-bp deletions starting at the —81 bp site in the

204

HY box confirmed that promoter activation by RUNX-2
was suppressed when the —77 bp site was included in the
deletions (Figure 4A), Dose-response analysis of tan-
dem repeats of the wild-type and the mutated (mutation
2) HY box clearly revealed that the wild-type HY box
responded to RUNX-2 alone and in combination with
CBFB in a repeat number-dependent manner in all
cells, while mutation 2 at the =77 bp site markedly
suppressed the responses (Figure 4B).
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Figure 6, RUNX-2 transactivation of and binding 1w the A box (from =849 bp 1o <1820 bp), B box (from <369 bp (o =340 bp), and HY box (from
=K% bp to =60 hp) in the human COLIDATL ¢ ter. A, Resp of luctf activity to tandem repeats of the HY box, A box, and B box using
human cells cotransfected with empiy vector (control), RUNX-2 alone, or RUNX-2 and core-binding factor g (CBFg). Bars show the mean and
SD relative luciferase activity of 3 wells per group. B, Electrophoretic mobility shill assay (EMSA) for specific binding of dig in-labeled
oligonucleotide probes of the HY box, A box, and B box with nuclear extracts of COS-7 cells transfected with RUNX-2 and CBFj3 1n addition 1o
the 3 human clements, binding of 3 mutated HY box probes (m2) thar mutated 1o the corresponding mouse sey only st =77 hp in the core
responsive region (mouse HY [partial]), and that fully mutated 1o the comesponding mouse sequence (mouse HY [full]) were examined. Open
nrmwhcnda mdxal: shifted bands of the RUNX-2-DNA complex: solid arrowheads indicate bands supershified by an antibody 1o RUNX-2 €,
Ch i ipitation assay for in vivo binding of RUNX-2 with the human elements. Cell lysates of HuH 7 cells transfected with RUNX-2
and CBF S were .unplrﬁui with a primer set spanning the HY box (from <113 bp o + 119 bp), A box (from =1,908 bp to 1,708 bp). or B box (from
—N1 bp to =272 bp). or a primer v.-: that dicd not include a RUNX:-2 binding motif (from -3,052 bp w -2838 bp) before (input) and after
ipitation with an body lo RUNX-2,

Specific binding of RUNX-2 to the HY box. We COS-7 cells transfected with RUNX-2 and CBFg (Fig-
further examined in vitro and in vivo binding of ure SA). The complex was barely detected with nuclear
RUNX-2 to the HY box by EMSA and ChIP assay, extracts of cells transfected with RUNX-2 alone, sug-
respectively. EMSA showed complex formation by the gesting that CBFB is necessary for binding. However,
HY box oligonucleotide probe and nuclear extracts of supershift of the complex by an antibody to RUNX-2
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confirmed the binding of RUNX-2 to the HY box
(Figure 5A).

Mutagenesis analyses in the HY box oligonucleo-
tide probe showed that complex formation was abol-
ished by the mutations inside the identified responsive
region (from —81 bp to =76 bp) (mutations 2 and 3 in
Figure 4), but not by mutations outside the region
(Figure 3B). Cold competition with an ¢xcess amount of
the unlabeled wild-type and outside mutation probes
suppressed complex formation, while competition with
the unlabeled inside mutation probes did not affect it
(Figure 5B). These results demonstrate the specific
binding between RUNX-2 and the identified responsive
region (from =81 bp to —76 bp) of the HY box.

ChIP assay showed in vivo binding of RUNX-2 to
the COLIDA1 promoter regulatory region, including the
HY box, in the presence of CBFp (Figure 5C). Speci-
ficity was confirmed as RUNX-2 because it was not
immunoprecipitated in the absence of the antibody or by
the negative control nonimmune IgG.

Involvement of other RUNX-2 binding motifs in
the activation of the human COLIOAL promoter by
RUNX-2. Next, we screened for other possible RUNX-2
binding motils with the putative consensus sequences
(20) in the 4.5-kb fragment of the 5-end flanking region
of the human COLI0OAI promoter. Of the 6 identified
regions, we selected the 2 most probable regions, The
region from —1.839 bp to —1.834 bp was shown by
comparative genomic analysis to correspond to the core
responsive element of RUNX-2 in the mouse Coll(al
promoter identified in a previous study (20), and the
region from =357 to —352 was the most proximal to the
transcription start site of the 6 regions, We then pre-
pared the 30-bp elements that included these 2 regions
for further analyses, and called them A box (from
—1,849 bp to — 1,820 bp) and B box (from =369 bp to
=340 bp) (Figure 6).

When we compared the dose-response effects of
the tandem repeats on luciferase activity using the 3
human cell lines as described above, neither the A box
nor the B box responded to RUNX-2 alone or to
RUNX-2 in combination with CBFB regardless of the
number of repeats, in contrast to the HY box. which
showed potent repeat number-dependent increases
(Figure 6A). In addition 1o the 3 human clements, we
examined binding of the partially or fully mutated HY
box probe to the corresponding mouse sequence with
RUNX-2 by EMSA. None of the mutated HY box
probes formed a complex with the nuclear extract of
RUNX-2 and CBFg-transfected cells (Figure 6B). sim-
ilar to mutation 2 in Figure 5B. However, both A box
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and B box oligonucleotide probes did form complexes
with the nuclear extracts, which were supershifted by
addition of an antibody to RUNX-2, indicating the
specific binding of RUNX-2 to all human wild-type
elements: HY box. A box, and B box (Figure 6B). More
interestingly, when in vivo binding of RUNX-2 to the 3
clements was examined by ChIP assay using human
HuH7 cells. RUNX-2 bound to the COL10A1 promoter
region that included the HY box, but not to the region
including the A box or B box or 1o the region without the
putative RUNX-2 binding motif (Figure 6C),

The results of luciferase assay, EMSA, and ChIP
suggested that the HY box was the principal responsive
clement of RUNX-2 under specific epigenetic environ-
ments in human cells. In fact, when we used mouse
chondrogenic ATDC-5 cells instead of human cells for
the luciferase assays, neither RUNX-2 alone nor a
combination of RUNX-2 and CBF affected COL10A1
promoter activity. (Data are available online at http:/
www.h.u-tokyo.ac.jp/ortho/Supplemental_Figures.pdf.)
Interestingly, however, there was a decrease in the
region between —81 bp and —76 bp in not only RUNX-
2-induced activity, but also basal promoter activity,
Furthermore, luciferase assays of the tandem repeats of
the human elements showed a moderate but repeat
number-dependent increase in HY box activity in
ATDC-5 cells whether or not they were transfected with
RUNX-2. although neither the mutated HY box (muta-
tion 2), A box, nor B box showed the response. (Data are
available online at hup://www.h.u-tokyo.ac jp/ortho/
Supplemental_Figures.pdf.) Hence, the HY box may
ilso function as a basal responsive element for various
trunscriptional stimulations regardless of species.

DISCUSSION

The present study showed that human COLI0A1
promoter activity was enhanced by RUNX-2 alone and
was enhanced even more potently by RUNX-2 in com-
bination with the coactivator CBEf, and further identi-
ficd the HY box as the principal and specific responsive
element in the 3 human cell lines. Although this is the
first study to identify the promoter element responsive
to RUNX-2 in the human COLI0Al gene, RUNX.2
binding sites have previously been identified at more
distal regions in the mouse Collal promoter (20).
which is not within the highly conserved region between
mouse and human genes (Figure 3A), The human
promoter region that corresponds to the mouse respon-
sive element (A box) showed little response to RUNX-2
and did not show in vivo binding with RUNX-2 in
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human cells (Figures 6A and C). The mouse promoter
region that corresponds to the human HY box did not
bind to RUNX-2 (Figure 6B), and the human HY box
did not respond to RUNX-2 in mouse ATDC-S cells.
(Data are available online at http:/www.h.u-tokyo.acjp/
ortho/Supplemental_Figures.pdf.) These findings indi-
cate that there arc different mechanisms of type X
collagen transactivation by RUNX-2 in humans and
mice. and demonstrate that RUNX-2 binds to and
activates the HY box in the specific microenvironment in
human cells,

Nevertheless, the present study showed the co-
localization of RUNX-2 and type X collagen in mouse
specimens (Figure 1) and the induction of ¢endogenous
type X collagen expression by RUNX-2 in mouse cells
(Figure 2). Our study had inevitable limitations, since
neither human samples during endochondral ossifica-
tion nor human chondrogenic cell lines that undergo
hypertrophic differentiation are available. Indeed, the
endogenous type X collagen induction in mouse cells by
RUNX-2 shown in Figure 2 may not be due to trunsac-
tivation of the mouse HY box. but to transactivation of
the responsive element identified in a previous mouse
study (20). However, mutations in the RUNX-2 gene
cause cleidocranial dysplasia in both humans and mice
(32.34.35). In addition. mutations in the COL10A1 gene
cause skeletal abnormalitics similar to Schmid-type me-
taphyseal chondrodysplasia in both species (9-12). We
therefore believe that RUNX-2 and type X collagen play
a role in endochondral ossification in humans as well as
in mice,

The temporal and spatial specificity of type X
collagen expression has been shown to be under the tight
control of positive and negative regulators, In contrast to
the positive regulator RUNX-2, parathyroid hormone
(PTH) and PTH-related protein (PTHrP) are known to
be crucial inhibitors of transcription (36-38). Previous
searches in the human COL10A1 promoter have located
a regulatory region between —2,410 bp and —1.875 bp
upstream of the transcription stari site, the activity of
which was suppressed by PTH/PTHrP (38-42). In the
central part of the region, a functional activator protein
1 (AP-1) site was identified between —2,144 bp and
—2,135 bp as a responsive region of FosB and Fra-1 (42).
Another enhancer region was identified between —2.273
bp and —2.244 bp, although the related transcription
factor remains unknown (41), The deletion analysis of
the luciferase assay that was performed in the present
study, however, failed to detect a decrease in activity
between —2,349 bp and — 1,899 bp, which contains the 2
above-mentioned regions, with or without RUNX-2
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transfection in any cell line (Figure 3B), indicatmg a
different mechanism of RUNX-2 transcriptional regula-
tion than of PTH/PTHrP and AP-1 transcriptional reg-
ulation in humans.

For the exammation of RUNX-2 localization in
the limb cartiloge and the bone fracture callus, we used
X-Gal staining in heterozygous Runx2-deficient mice
with lacZ gene insertion at the Runv2-deletion site
(Runx2*"“ mice) (32). This is because neither antibod-
ies nor riboprobes worked appropriately in the localiza-
tion of RUNX-2 by immunostaining or in situ hybrid-
ization, respectively, of the tissue of wild-type mice. Our
preliminary studies confirmed that the Runx2 *AnZ mice
showed normal skeletal phenotypes, except that they
exhibited a dysplastic clavicle, which is typical of cleido-
cranial dysplasia, as previously reported (32) (Details
are available online at http:/www.h.u-tokyo.ac.jp/ortho/
Supplemental_Figures.pdf.) Their growth plate pheno-
types were also comparable with those of their wild-type
littermates before and after birth. In addition, fracture
callus formation and type X collagen expression in the
callus were similar between the 2 genotypes.

These findings indicate that the RUNX-2 haplo-
insufficiency in Runx2' "% mice did not cause abnor-
malities in skeletal growth or repair, confirming the
adequacy of using Runx2 ' "% mice instead of wild-type
mice for the analysis. However, in a previous study in
which we created an experimental OA model by induc-
tion of knee joint instability, Runx2 ' "% mice exhibited
suppression of type X collagen expression and degrada-
tion in joint cartilage (22). The fact that RUNX-2
haploinsufficiency prevented OA progression without
affecting physiologic skeletal growth and repair suggests
that RUNX-2-related signaling can be a therapeutic
target of this disorder without severe skeletal side ef-
feets,

The HY box is indeed a core promoter element
in the human COL10AI gene responsive to RUNX-2 in
human cells. However, basal luciferase activity without
RUNX-2 trunsfection was also decreased in the region
between —81 bp and =76 bp in the HY box not only in
mouse ATDC-5 cells, but also in 3 human eell lines
(Figure 3B), although not to as great an exient as
RUNX-2-induced activity. Furthermore, the site-
directed mutagenesis (Figure 4A) and tandem repeat
experiments (Figure 4B) in the HY box showed a
decrease and a repeal number-dependent increase,
respectively, of basal luciferase activity in human cells
without RUNX-2 transfection. These indicate that the
HY box may also function as a potent universal en-
hancer in the human COLIDA promoter, responding to
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various transcriptional stimulations besides RUNX-2 in
human cells. Considering that chondroeyte hypertrophy
is a crucial step for skeletal growth, repair. and OA
progression, the HY box will be useful in the compre-
hensive screening of transeription factors or cofactors
for COLI0AT transactivation and chondrocyte hypertro-
phy, which might be therapeutic targets for skeletal
growth retardation, fractures, and OA,
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Errata

In the articles by Valdes et al in the January 2007 and February 2006 issues of Arthritis & Aheurnatism (pages

137-146 and 533-539,

, some information on sample collection and a funding source was

omitted. Collection of some of the samples used for genetic association was carried out by Andrew Carr, MD

Orthopaedic Centre, Botnar Research Centre, Oxford University, Oxford,

UK), and funding was

(Nuffield
provided by the Norman Collisson Foundation, the Botnar Foundation, and the Lord Nulfield Orthopaedic

Trust).
We regret the errors.
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Summary The present study estimated the 10-year proba-
bility using the Japanese version of WHO fracture risk
assessment tool (FRAX™) in order to determine fracture
probabilities that correspond to intervention thresholds
currently used in Japan and to resolve some issues for its
use in Japan.
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Introduction The objective of the present study was to
evaluate a Japanese version of the WHO fracture risk
assessment (FRAX™) tool to compute 10-year probabilities
of osteoporotic fracture in Japanese men and women. Since
lumbar spine bone mineral density (BMD) 1s used preferen-
tially as a site for assessment, and densitometers use
Japanese reference data, a second aim was to investigate
the suitability and impact of this practice in Japan.

Methods Fracture probabilities were computed from pub-
lished data on the fracture and death hazards in Japan.
Probabilities took account of age, sex, the presence of
clinical nisk factors and femoral neck BMD. Fracture
probabilities were determined that were equivalent to
intervention thresholds currently used in Japan. The
difference between T-scores derived from international
reference data and that using Japanese-specific normal
ranges was estimated from published sources. The gradient
of nsk of BMD for fracture in Japan was compared to that
for BMD at the lumbar spine in the Hiroshima cohort.
Results The 10-year probabilities of a major osteoporosis-
related fracture that comesponded to current intervention
thresholds ranged from approximately 5% at the age of
50 years to more than 20% at the age of 80 years, The use
of femoral neck BMD predicts fracture as well as or better
than BMD tests at the lumbar spine. There were small
differences in T-scores between those used for the model
and those derived from a Japanese reference population.
Conclusions The FRAX™ tool has been used to determine
possible thresholds for therapeutic intervention, based on
equivalence of risk with current guidelines. The approach
will need to be supported by appropriate health economic
analyses. Femoral neck BMD is suitable for the prediction of
fracture risk among Japanese. However, when applying the
FRAX™ model to Japan, T-scores and Z-scores should be
converied to those denived from the intemational reference.
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Introduction

Fractures related 10 osteoporosis have become a major
health and economic burden in Asian countries just as they
have in North America and Europe. An estimated 117,900
cases of hip fracture occurred in 2002 [1], and the incidence
in Japan has increased in the past 10 years [1. 2]. Asia will
be expected to have the highest absolute increase in fracture
number because it has the largest population. Early
detection of individuals with high fracture nsk using
clinical nisk factors would have a substantial impact on
reducing the burden of fractures in Asia.

A series of meta-analyses on prospective population-
based cohorts has identified a number of clinical risk
factors that contribute to fracture risk independently of
BMD at the femoral neck [3]. The integration of these risks
would, therefore, enhance the predictive value of BMD [4].
The risk factors comprise age, sex, bone mineral density,
body mass index (BMI), long-term use of glucocorticoids,
parental history of hip fracture, history of fragility fracture,
smoking, alcohol consumption (3 or more units/day), and
secondary osteoporosis such as rheumatoid arthritis. A
WHO scientific group has proposed that the 10-year
probability for fracture is used to express fracture risk for
clinical assessment [5] and to determine intervention
thresholds [3] The aim of this study was 1o create a fracture
probability model based on the methodology of the WHO
risk assessment tool (FRAX™) [6] calibrated to the
epidemiology of Japan.

In addition, several problems need to be resolved before
the FRAX™ model is applied to Japan. First, the FRAX™
tool inputs femoral neck BMD and the Z-score or T-score is
based on the NHANES 111 reference data base. In Japan,
BMD at the lumbar spine is widely used clinically because
the physical size of Japanese people is smaller than that of
Western people, giving rise 1o a view based on little
evidence that the reproducibility of measurements at the
femoral neck BMD would be poorer than that at the lumbar
spine. Furthermore, data on the young adult mean (YAM)
and the mean at each age are installed in the DXA systems
in Japan, and programmed to calculate T- and Z-scores
from Japanese reference data. In addition, the Japanese
Society for Bone and Mineral Research [7, 8] provide
recommendations for the diagnosis of osteoporosis and
intervention based on YAM, and these are widely used in
clinical practice.

Against this background, additional aims of the present
study were to provide fracture probabilities based on the
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FRAX™ tool that were equivalent to currently accepted
intervention thresholds, explore the impact of using
Japanese-specific normative data for femoral neck BMD,
and reassess the respective performance characteristics of
BMD at the femoral neck and lumbar spine.

Methods

Models were constructed to compute the 10-year probabil-
ity of hip fracture and a major osteoporosis-related fracture
in Japan. A major osteoporosis-related fracture was defined
as a clinical spine. hip, proximal humeral and forearm
fracture. Poisson modelling was used to calculate the
hazard functions. The relationship between probability and
hazard functions were used to calculate the 10-year
probability or fracture for a combination of the risk factors.
The montality estimates for Japan were those published by
the World Health Organization for 1999, which accord with
estimates from Japan [9]. The incidence of hip fractures
was taken from previously published sources [1] as was the
incidence of fractures at the proximal humerus and distal
forearm [10). Since the incidence of a clinical vertebral
fracture was not known in Japan, we assumed that the ratio
of clinical vertebral fracture incidence to that of a verebral
fracture diagnosed by radiographic surveys [11] would be
the same in the Japan as it was for Sweden [12].

The relationship of clinical risk factors to fracture
outcomes was assumed to be the same as that determined
in a large meta-analysis of nisk factors of 190,000 patient
years from nine prospectively studied population-based
cohorts from Europe, Australia, North America and Asia
[3]. The relationship has been validated in a further 11
cohorts of population-based samples with 1.2 million
patient years of observation from the same regions [4].
The independent contribution of each risk factor was used
to compute probabilities of fracture in the absence of
clinical risk factors or in the presence of any combination
[13, 14].

In Japan, the cnteria for the diagnosis of osteoporosis
prepared by the Jupanese Society for Bone and Mineral
Research [7] are based on BMD measurements expressed
as a percentages of the young adult mean (YAM) for
women. In patients with no prior fragility fracture a
diagnosis of osteoporosis is made where the BMD is less
than 70% of YAM. In patients with a previous fracture,
osteoporosis is diagnosed where the BMD is less than 80%
of YAM. These diagnostic thresholds, derived by max-
imising sensitivity and specificity for fracture detection, are
also used as intervention thresholds. In order to compare
intervention thresholds using YAM with probabilities
derived from the FRAX™ algonithm, T-score equivalents
were used. The T-score equivalent to 70% and 80% of
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YAM for Japanese people is -2.7 SD and -1.8 SD,
respectively, using the NHANES 11l reference for BMD at
the femoral neck in Caucasian women aged 20-29 years
[15].

The relative performance characteristics of BMD at the
lumbar spine and femoral neck were examined in a
population-based prospective study in Hiroshima. The
Hiroshima cohort comprised 2,596 men and women (69%
female, 9,803 person years, mean age 65.1 years). Details
of the cohort have been previously published [11]. In brief,
the participants received measurement of lumbar spine and
femoral neck BMD using dual X-ray absorptiometry (DXA,
QDR-2000, Hologic) during the period from 1994 to 1995
and were followed for a mean period of 4 vears. Informa-
tion about hip fracwre, fracture of the distal radius,
proximal humeral fracture and clinical spinal fracture was
collected at interview by trained nurses and physicians
during the biennial health examinations. One hundred
eighty-six fractures were detected during the follow-up
period, of which 89 were categorized as osteoporotic
fractures and 31 were hip fractures. The gradient of fracture
risk (increase in fracture risk per SD change in Z-score for
BMD and increase in fracture risk per 0.1 g/em? change in
BMD) at the two sites was determined by the use of
Poisson models [16]. The fracture outcomes were calculat-
ed for hip fracture, a major osteoporosis-related fracture
(femoral neck, distal radius, proximal humerus and clinical
spine fracture) and all fractures.

The mean height and body weight for Japanese women
in the Hiroshima cohort was 150 cm and 52.6 kg,
respectively, giving a BMI of 23.4 kg/m®. The calculation
of fracture probability was made at this BMI, but differ-
ences in BMI have little effect on predictive value for
fracture risk assessment in the presence of BMD [17].

Japanese-specific T- and Z-scores and those derived
from NHANES 111 were compared using the database of the
Japanese Society for Bone and Mineral Research [7]. Data
using both methods of calculation were entered into the
FRAX™ (ool

Results
Ten-year probability of fracture

The 10-year probability of a major osteoporotic fracture for
individuals without clinical risk factors is shown in Fig. |
grouped by sex, age and T-score. The 10-year probability
increased with age and with decreasing T-score. At younger
ages, the fracture probability was similar in men and
women. With advancing age, probabilities rose as expected,
but the increase was greater in women than in men. In men
aged 80 years, the 10-year probability for osteoporosis-
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related fracture exceeded 10% at a T-score of -3 SD,
whereas in women of the same age. fracture probabilities
exceeded 10% with T-score of =1 SD.

The contribution of clinical nsk factors to fracture
probability is shown in Fig. 2 for women aged 65 years
with a BMI of 23.4 kg/m’. In women without clinical risk
factors, the 10-year probability for an osteoporosis-related
fracture was 7.5%. The 10-year probability was higher in
the presence of clinical risk factors. Smoking and alcohol
were relatively weak risk factors, the use of long-term
glucocorticoids of intermediate weight, and a parental
history of hip fracture or a prior fragility fracture were
associated with the highest risks. For example, the 10-year
probability was 8.1% for smokers and 14.5% for individ-
uals with a prior fracture. The 10-year probability for hip
fracture was 1.1% in women without a clinical risk factor.
1.6% in smokers and 2.7% in women with a previous
fracture (see Fig. 2).

Fracture probabilities were computed in women at the
diagnostic threshold recommended in Japan. Thus, the cut-
off level of BMD was set at 70% of YAM in women
without a previous fracture and at 80% of YAM in those
with a previous fragility fracture. In women aged 50, 60, 70
and 80 years without clinical risk factors and with BMD
equivalent to 70% of YAM, the 10-year probability was
5.4%. 8.7%, 13.8% and 23%, respectively. In women
having BMD equivalent to 80% of YAM and existing
fracture but no other clinical nsk factors, the 10-year
probability was 7.1%, 10.5%, 14.7% and 23.4% at the same
ages, respectively. Thus, at each age, the fracture probabil-
ity was similar using the two diagnostic criteria. In contrast,
the fracture probability equivalent to the diagnostic thresh-
old in Japan rose with age. and at the age of 80 years was
about four times higher than that at age 50 years (Fig. 3).
Similar findings were apparent for hip fracture probability
in that probabilities equivalent to the diagnostic threshold in
Japan rose with age. The increase with age was more
marked than for all major fractures and at the age of
80 years was about 640 times higher than that at age
50 years depending on the threshold used (see Fig. 3).

Comparison of lumbar spine and femoral neck BMD

The gradient of fracture risk for spine BMD and femoral
neck BMD in the Hiroshima cohort indicated that lumbar
spine measurements predicted all fractures, osteoporosis-
related fracture and hip fracture with approximately equal
gradients of risk that ranged from 1.25/8D for all fractures
to 1.17/SD for hip fractures. There was no difference in the
gradient of risk between men and women. In the case of hip
fracture risk, the gradient of risk in men and women
combined was not statistically significant with BMD
measured at the Jumbar spine. BMD at femoral neck had
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Fig. | Ten-year probability (%)

Men

Women

of osteoporotic fracture (hip.
clinical spine, humerus, fore-
arm) in Japanese men and Probability (%)
women without clinical nsk 1
factors according 10 age and T- 00
score for BMD at the femoral

neck

10

a similar or slightly higher gradient of risk for fractures
compared with spme BMD, particularly in the case of hip
fracture (Table 1). There was no significant difference in
gradient of nisk between lumbar spine BMD and femoral
neck BMD with the exception of that for hip fracture where
the gradient of risk was significantly higher for measure-
ments made at the femoral neck. When gradient of risk was
standardized to a constant denominator (i.e., RR/0.1 g/em®)
the findings remained unchanged (see Table 1).

Japanese reference values

The reference mean in women aged 20-29 years at the
femoral neck was 0.858 g/cm’ (SD=0.120 g/em?) using the
NHANES Il data. When young normal values were
computed from the Japanese population the mean BMD
was 0.786 g/em” (SD=0.107 g/cm’). Thus the threshold for

3290 1 o

T-score

osteoporosis using the NHANES [ data was 0.558 g/cm”
and that derived from the Japanese data was 0.519 glem’.
The thresholds for osteopenia (WHO definition) were
0.738 g/em® and 0.679 glom’, respectively. Thus there
were systematic differences in the T-score derived from the
two data sets. A comparison of fracture probabilities
computed from the z-scores using the two approaches is
shown in Fig. 4 for different combinations of risk factors.
The differences in probabilities were relatively modest, but
as expected, the use of Japanese reference values over-
estimated fracture probabilities,

Discussion

This paper describes the development of the WHO fracture
nisk assessment tool calibrated to the epidemiology of

Fig. 2 Ten-year probability for 15
osteoporotic (hip, clinical spine.
humerus, forearm) and hip frac-
wre (%) according 1o the pres-
ence ol a clinical risk factor, m
women at the age of 65 years

and with a BMI of 23.4 kg/m”

Osleoporotic fracture

10

Hip fracture
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Fig. 3 Ten-year probability of .
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tabolism Association
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5
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Japan. The incidence of hip fracture, distal radius fracture
and proximal humeral fracture in Japan is lower than that in
Neorth America or Northem Europe [1, 10]. However, the
prevalence and incidence of spinal fracture are higher in
Japan [11, 18]. A minority of all cases of morphological
spinal fracture are assumed 1o be clinical spine fractures in
the Japanese FRAX™ models. The multiplier is age and
sex specific. For men the multiplier goes from approxi-
mately 33% at age 50 to 48% at age 85. For women the
corresponding figures are 19% and 24%. These estimates,
derived from the epidemiology of fracture in Sweden [12],
have been shown to hold true for Japan [19].

The FRAX™ algorithm is suitable for assessment in
men and women from the age of 40 years and calculates the
10-year probability for both hip fracture and a major

Table | Predictive ability of spine and femoral neck BMD for any,

porotic and hip fi in men and women from Japan
RRSD RR/O.I glem®
RR 95% C1 RR 95% C1
a. Any fracture
Femoral neck 1.45 1.23-1.70 1.43 1.22-1.6%
Lumbar spine 125 1.13-1.39 1.38 1.19-1.61
b. Osteoporosis-related fractures
Femoml neck 1.40 1L.09-1.78 138 1.09-1.74
Lurmhar spine 120 1.04-1.40 1.30 1.05-1.61
¢. Hip fracture
Femonal neck 208" 134322 211 1.38-323
Lumbar spine 117 091-1.50 125 0.87-1.80

* Hip, clinical spine, forcarm and proximal humerus
® Significantly higher than lumbar spine (P=0.049)
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osteoporosis-related fracture. One of its strengths is that it
can capture the independent contribution of several clinical
risk factors to fracture risk and can be used with or without
information on femoral neck BMD. A more detailed account
of the properties of the FRAX™ models is provided
elsewhere [13]. In this paper, we focused on its application
to decision-making in clinical practice with the estimation of
intervention threshold ie., the fracture probability at which
intervention is currently considered to be worthwhile. The
approach should be distinguished from intervention thresh-
olds that are based on health economic analysis.

The WHO makes no specific recommendation conceming
intervention thresholds, since these depend on many local
factors [6]. Rather, it is suggested they should be deter-
mined by each country, based on the local healthcare
situation and cost-effectiveness of the treatment of osteo-
porosis. Intervention thresholds, based on cost-effectiveness
have been formulated in the UK. the USA and in Sweden
[20-22]. In Japan, diagnostic thresholds are used as
intervention thresholds. When the probabilities of osteopo-
rosis-related fracture were determined at these thresholds.
they varied with age (see Fig. 3), mnging from approxi-
mately 5% at the age of 50 years to more than 20% at the
age of 80 years. Against this background., a 10-year
probability of 10% for osteoporosis-related fracture may
be an acceptable intervention threshold for Japan, though
an optimization should take account of health economic
consequences for individuals and for the health care budget.

The FRAX™ tools are designed to be extensively used
in the world as a means of identifying individuals with
elevated risk for fracture and aid in the determination of the
threshold for therapeutic intervention, but there will be
hurdles to be faced in the ease of its acceptance. Such
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Fig. 4 Comclation between 10-
year fracture probabilities (%) in
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hurdles are likely to differ from country to country. In
Japan, the choice of clinical risk factors is not at issue since
the risk factors adopted in the FRAX™ algorithms included
the data from the Hiroshima cohort, Japan [11, 23, 24], and
the validation included the Japanese Miyama cohort [13].
More problematic is the inclusion of femoral neck BMD,
since the lumbar spine measurement is the most widely
used in Japan. Asian physiques are smaller than those of
Caucasians, and the geometric characteristics of the femoral
neck in Japanese differ from those in American women, in
that the femoral neck length is shorter than in the Japanese
[25, 26]. Because of uncertainty regarding measurement of
femoral neck BMD, measurement of lumbar BMD is
widely used in Japan. The present study indicates that
concerns over the use of femoral neck BMD are unfounded.

Femoral neck BMD was superior in its ability to predict hip
fractures compared with spine BMD, and BMD at the spine and
femoral neck had similar predictive value for fractures other
than hip fracture. Fujiwara et al. [11] have also shown that the
ability to predict the risk for morphological spinal fracture was
similar between femoral neck BMD and lumbar spine BMD.
These data on gradients of fracture risk, derived in Japan, did
not differ from those reported in Westem countries. Indeed,
the meta-analysis used to inform the FRAX™ tool showed no
evidence for heterogeneity in gradients of risk between
cohorts [16]. Thus the evidence suggests that fracture risk
assessment is not disadvantaged by the use of femoral neck
BMD. Indeed, the converse may be true.

A further hurdle, unique 10 Japan, is that diagnostic
thresholds differ from the WHO description of osteoporosis
which defines osteoporosis on the basis of a fixed T-score
threshold (= -2.5 SD) using an international reference
standard for young (aged 20-29 years) Caucasian women
(15]. In Japan, diagnostic thresholds are also derived by

Q springer

reference to a young population, but differ from the WHO
in that a local (1.c.. Japanese) standard 1s used and that the
criteria differ in patients with or without previous fracture.
In view of the widespread use of data derived from the
Japanese population, the question arises whether T-scores
or Z-scores derived from Japanese databases could be used
in the FRAX™ qtool. rather than those derived from the
intemational reference base. In the present study, mean
BMD at the femoral neck was lower in Japanese women
than in the NHANES IIl sample from the USA, as
previously shown [27]. The difference was not, however,
large (approximately a half a SD). There were also
differences in the SD which was smaller in Japanese
women than in the NHANES 111 sample (0.107 and 0.120 g/
cm2, respectively). Not surprisingly, the DXA-based T-score
obtained from Japanese and USA populations differed as did
the computed probabilities. Although the differences were
small at low T-scores, when applying the FRAX™ model to
Japan, it is preferable 10 program the system so that the
Japanese T- and Z-scores are converted into the appropriate T-
and Z-scores based on NHANES IIL

In conclusion, a FRAX™ tool has been developed to
compute fracture probabilities calibrated to the epidemiolo-
gy of Japan. The tool has been used to determine possible
thresholds for therapeutic intervention, based on equivalence
of risk with current guidelines. The approach will need to be
supported by appropriate health economic analyses. The
present study indicates that the femoral neck BMD is suitable
for prediction of the risk for fracture among Japanese people.
However, when applying the FRAX™ model to Japan, T-
scores and Z-scores should be converted into those derived
from the international reference.

Confllicts of interest None.

216



Osteoporos Int (2008) 19:429-435

435

References

Las

w

. Onmo H, Sakata K (2006) The 4th nationwide survey for hip

fracture in Japan (in Japanese). Japan Medical Journal 4150:25-30

. Hagino H. Katagin H. Okano T, Yamamoto K, Teshima R (2005)

Increasing incidence of hip fracture in Totton prefecture. Japan:
trend from 1086 10 2001, Osteoporos Int 16:1961-1968

. Kanis JA, Borgstrom F, De Laet C et al (2005) Assessment of

fraciure risk. Osteoporos Int 16:581-589

Kanis JA, Johnell O, De Laet C et al (2002) International
vanations in hip fracture probabilitics: implications for nsk
assessment. ) Bone Miner Res 17:1237-1244

Kanis JA, Black D, Cooper C et al (2002) A new approach 10 the
development of asscssmemt guidclines for ostcoporosis. Osteo-
poros Imt 13:527-536

. Kanis JA on behalf of the World Health Organization Scientific

Group (2008) Assessment of osteoporosis at the primary health-
care level Technical Report. WHO Collaborating Centre, Univer-
sity of Sheffield, UK (in press)

Onmo H, Sugioka Y. Fukunaga M et al (1998) Diagnostic criteria
of primary osteoporosis. J Bone Miner Metab 16:139-150
Onimo H, Hayashi Y, Fukunaga M et al (2001) Diagnostic criteria
for pnmary osteoporosis: year 2000 revision. ] Bone Miner Metab
19:331-337

Life Expectancy for Japanese (2003) Ministry of Health, Labor,
and Welfare hitp://www.mhlw.go. jp'shinngv2003/

Hagino H, Yamamoto K, Ohshiro H e al (1999) Changing
incidence of hip, distal radius, and proximal humerus fractures in
Tonon prefecture, Japan. Bone 24:265-270

. Fujiwara S, Kasagi F, Masunani N et al (2003) Fracture prediction

from bone mineral density in Japanese men and women. J Bone
Miner Res 18:1547-1553

- Kanis JA, Oden A, Johnell O, Jonsson B, de Laet C. Dawson A

(2001) The burden of osteoporotic fractures: a method for setting
intervention thresholds. Int 12:417-427

.KMIA.Odm)\.JdmeIIOualQmmuuofdmmlmk

factors enh the p of BMD in the prediction of
}npmdoncqmobcﬁwtuzummmdwmm Osieoporos Int
18:1033- 1046

. Kanis JA, Johnell O, Oden A, Johansson H, McClogkey EV

(2008) FRAX™ and the of fi probability in men
and women from the UK DOI 10.1007/s00198-007-0543-5

217

15. Looker AC, Wahner HW, Dunn WL, Calvo MS, Hams TB, Heyse SP
(1998) Updated data on proximal femur bone mineral levels of US
adubts. Ostcoporos Int 8:468-486

16. Johnell O, Kanis JA. Oden A et al (2005) Predictive value of bone
mineral density for hip and other fmcures. J Bone and Miner Res
20:0185-1194

17. De Laet C, Kanis JA, Oden A et al (2005) Body mass index as a
predictor of fracture risk: o meta-analysis. Osteoporos Int
F1:1330-1338

18 Ross PD, Fujiwara S, Huang C et al (1995) Venebral fracture
prevalence in women in Hiroshima compared to Caucasians or
Japanese in the US. Int J Epidemiol 24:1171-1177

19. Oyama H, Fujiwara S, Masunani N, Hsu WL (2006) Comparisons

between clinical venebml fracture incidence and morphometric

vericbral fracture incidence (in Japanese). Osicoporosis Jpn 148

(Suppl 1):147

Kanis JA, Borgstrom F, Zethracus N, Johnell O, Oden A, Jonsson B

(2005) Intervention thresholds for osteoporosis in the UK, Bone

36:22-32

21. Borgstrom F, Johnell O, Kanis JA, Jonsson B, Rehnberg C (2006)

al whllnp&mmmknﬂmﬁ-clﬁmvemuuf’lﬂummﬂ
hresholds for the of Osteo-

pmlm 17:1459-1471

. Eddy D, Johnston CC, CmmnpSRdul{lWH)Omopnmns

review of the evidence for p i

and cost-effectiveness nnl]ylu (hwnpm Imt S{Snppl 4y

§7-580

Kanis JA, Johnell O, Oden A et al (2005) Smoking and fracture

risk: o meta-analysis. Osteoporos Int 16:222-228

Kanis JA, Johnell O, De Lact C et al (2004) A meta-analysis of

previous fracture and subsequent fracture risk. Bone 15:375-382

Nakamura T, Tumer CH, Yoshikawa T et al (1994) Do

variations in hip geometry explain difference in hip fracture

risk between Japanese and white Amencans? J Bone Miner Res

710711076

Yan L. Crabtree NJ. Reeve J et al (2004) Does hip strength

analysis explain the lower incidence of hip fracture in the people’s

republic of China? Bone 34:584-588

Iki M, Kagamimoni S. Kagawa Y, Matsuzaki Y, Yoneshima H,

Marumo F for JPOS Study (2001) Bone mineral density of the

spine, hip, and distal forearm in represemative samples of the

Jupanese female population: Japanese population-based osteopo-

rosis (JPOS) study. Osteoporos Int 12:529-537

24,

26.

27,

Q) springer



Hiroshima J. Med. Sci.
Vol. 57, No. 1, 17-25, March, 2008
HIJM 573

17

Effect of Angiotensin Converting Enzyme Inhibitor and
Benzodiazepine Intake
on Bone Loss in Older Japanese

Naomi MASUNARI'?, Saeko FUJIWARAY, Yoshihiro NAKATA?®,
Kyoji FURUKAWA?® and Fumiyoshi KASAGIY

1) Department of Clinical Studies, Radiation Effects Research Foundation, 5-2 Hijivama Park, Minami-ku,
Hiroshima 732-0815, Japan

2) Department of Pharmaceutical Sciences, Graduate School of Biomedical Sciences, Hiroshima University,
1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan

3) Department of Statistics, Radiation Effects Research Foundation, Hiroshima, Japan

4) Department of Epidemiology, Radiation Effects Research Foundation, Hiroshima, Japan

ABSTRACT

We investigated the effects of several frequently described medication regimens on annual
percentage change in bone mineral density (BMD). A longitudinal cohort study (a retrospective
analysis) was conducted. Subjects in the Adult Health Study (a prospective cohort study begun
in 1958) have been followed through biennial medical examinations in Hiroshima, Japan.
Participants were 2,111 subjects (67% women; aged 47-95 years) who were undergoing biennial
health examinations from 1994 to 2000. The subjects were examined for the effect of certain
drugs on bone mineral change during baseline and one follow-up (4 year later) measurements.
Mean annual percentage change in BMD at the femoral neck was -0.38% for men, and -1.14%
for women. After adjustment for sex, age, change of weight, alcohol consumption, and
smoking status, annual percentage change in BMD decreased by 0.61% among individuals
taking angiotensin converting enzyme (ACE) inhibitors continuously in comparison with
individuals who had not taken them (p=0.002): also decreased 0.40% among individuals taking
benzodiazepines (BZDs) continuously (p=0.034), Our results suggest that careful consideration

should be given to the use of ACE inhibitors and BZDs in a cohort of Japanese elderly.

Key words: Bone loss, Angiotensin converting enzyme inhibitor, Benzodiazepine,

Pharmacoepidemiology

Change in bone mineral density (BMD) is
known to be a useful measure for evaluating the
risk of bone fractures, and there have been many
reports studying various factors that might be
associated with change of BMD. While early
reports indicate that intake of glucocorticoids®
and thyroid hormones® tends to reduce BMD
and that intake of estrogens” and thiazide® tends
to increase it, recent studies have reported that
other medications that are not intended for bone
therapies could affect bone loss. For example,
statins”', beta-adrenergic blockers ( ff -blockers)*",
and cyclooxygenase-2-selective non-steroidal anti-
inflammatory drugs (COX-2-selective NSAIDs)™
reportedly tend to increase BMD. Another study
reports that low serum vitamin B12 levels may be
associated with increased rates of hip bone loss®".
On the other hand, there are also reports with

219

contrary results?®®% so there is not yet a unified
consensus, In addition, most of these reports are
studies based on populations of Caucasians in
Western countries. Medications among Caucasians
in Western countries are expected to be very dif-
ferent from those among other populations,
including Japanese; e.g., the doses and types of
medication administered in Japan differ from
those in Western countries. Therefore, it is impor-
tant to find evidence of the effects on BMD,
positive or negative, of a variety of drugs and sup-
plements, including those not targeting osteopo-
rosis, such as antihypertensive drugs. The main
purpose of this study is to examine the associa-
tion between BMD change and drug use in a 2,111
cohort of elderly Japanese men and women. This
study was a retrospective analysis, and we had no
intervention for the effects of medications.
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MATERIALS AND METHODS

Study Population

In 1958, the Atomic Bomb Casualty Commission
(predecessor to the Radiation Effects Research
Foundation) initiated the so-called Adult Health
Study (AHS), a cohort follow-up study which
relies upon data obtained in the course of bien-
nial health examinations of participants in a
fixed cohort to shed light on the many changes
in physiological and biochemical functions that
might be attributable to atomic bomb radiation
exposure'™™,  The initial AHS cohort consisted
of ~15,000 atomic bomb survivors and -5,000
controls, all of whom were selected from the resi-
dents of Hiroshima and Nagasaki on the basis of
a supplementary questionnaire that was includ-
ed in the 1950 national census and a survey of
atomic bomb survivors. Participation rates in the
study were ~80% throughout the follow-up period,
Further information about the expansion of the
cohort and details of the health examinations are
available elsewhere!-!1"

A total of 2,613 AHS subjects aged between 47
and 95 years underwent physical examination in
Hiroshima in the 1994-1995 examination cycle.
We then selected 2,111 of these subjects (703 men
and 1,408 women) for our analysis. The remain-
ing 73 subjects were excluded either because of a
diagnosis suggesting impairment of bone metabo-
lism (such as hyperparathyroidism, renal osteo-
dystrophy, or bilateral oophorectomy) or because
they were only available for one examination
during the 1994-2000 period. The other remain-
ing 429 subjects were excluded because they were
premenopausal or they took drugs that interfered
with bone metabolism, including estrogens, glu-
cocorticoids, calcitonins, ipriflavones, bisphos-
phonates, and thyroid hormones, and the sample
sizes of them were too small to attain statistical
significance.

Bone Mineral Density

BMD was measured at the femoral neck at each
biennial health examination using a dual x-ray
absorptiometer (DXA, QDR-2000; Hologic Inc,
Waltham, MA, USA). An anthropomorphic spine
phantom was scanned daily to calibrate the DXA.
There was no significant fluctuation in machine
performance during the study period. The preci-
sion of the DXA was also carefully monitored over
the study period using the anthropomorphic phan-
tom, and was found to be less than 1%.

In our study, annual percentage change in BMD
was defined as follows:

Annual Percentuge _BMID st second exam - BMD at baseling exam -
b - e A O
Chungc i BMD ™). * " mutny ol beiatin cudin 3¢ follow-up period ()

220

N. Masunari et al

Other Measurements

Subjects were asked to bring every over-the-
counter or prescription medication they were
taking, and in interviews by trained nurses were
asked how often and how much of these medica-
tions they were taking. Subjects known to be tak-
ing at least one medication were then categorized
into 4 groups for each medication according to
“on” vs. “off” status of the use of each drug in the
baseline (1994-1995)/second follow-up (1996-2000)
surveys: “New” if the status in the baseline/follow-
up was “off"”/on”, “Continuing” if “on™/“on”, “Stop"
if "on"Foff™, and, “No” if “off/ “off™,

Height, body weight", and blood pressure mea-
surements! were recorded during every survey,
Subjects were interviewed by nurses to obtain
disease histories, years since menopause, and life-
style information including smoking status and
drinking habits"#2233  After examination and
interview, every subject consulted a doctor, who
ascertained the diagnoses. Diagnosis of hyperten-
sion was based on a systolic blood pressure = 140
mm Hg, a diastolic blood pressure = 90 mm Hg,
or current treatment with antihypertensive drugs.

Because we did not have data about subjects’
physical activity at baseline, we used the data
about status of going out in 1996-1997 as a substi-
tute for activity of daily living at the baseline. We
asked subjects whether they could go out alone or
with a helper, or if it was impossible to go out in
1996-1997.

Since we had previously reported that there
was no evidence of an association between atom-
ic bomb radiation dose and BMD in our study
cohort!”, we did not include radiation dose as a
possible factor.

All subjects gave written informed consent for
BMD measurements and all other examination
items,

Statistical analyses

Linear regression models were used to examine
the relationship of drug use to annual percent-
age change in BMD at the femoral neck. For the
response variable of annual percentage change in
BMD at the femoral neck, a preliminary univari-
ate linear regression model was fitted using each
drug use as an indicator covariate. The effect of
drug use was adjusted by including in each model
factors that expected to affect BMD change at the
femoral neck, such as sex, age (years), change of
weight (kg), diastolic blood pressure (mm Hg),
smoking status (non-smoker, ex-smoker, or current
smoker), and alcohol consumption (non-drinker,
ex-drinker, or current drinker), For adjustment,
we examined height, body mass index, systolic
blood pressure, baseline disease such as hyper-
tension, diabetes mellitus, cardiovascular disease,
coronary heart disease and stroke. Hypertension
and cardiovascular disease had associations with
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annual percentage change in BMD at the femo-
ral neck in univariate regression models (regres-
sion coefficient yes/no (p value); -0.256 (p = 0.01),
-0.178 (p = 0.04), respectively), but did not in mul-
tivariate models (regression coefficient (p value);
-0.146 (p = 0.16), -0.126 (p = 0.20), respectively).
Other factors did not have associations.

The medications that appeared to have strong
associations (p<0.10) with the response variable
were calcium channel blockades (CCBs), benzo-
diazepines (BZDs), and angiotensin converting
enzyme (ACE) inhibitors (regression coefficient of
continuing/no (p value): -0.244 (p = 0.043), -0.435
(p = 0,020), -0.632 (p = 0.002), respectively). Each
of them was negatively associated with annual
percentage change in BMD at the femoral neck.

Next, a preliminary multivariate linear regres-
sion model was fitted including those medications
that exhibited significant associations with the
response variable in the univariate linear regres-
sions. Again, the effects of the drugs were modi-
fied by sex, age, change of weight, diastolic blood
pressure, smoking status, and alcohol consump-
tion. We came to a definite final model with non-
significant terms, i.e. CCB use and diastolic blood
pressure, removed.

In addition, we fit each model separately for the
two sex groups, because annual percentage chang-
es in BMD at the femoral neck level generally dif-
fer between men and women.

Statistical analysis software SAS 8.2 (SAS
software version 8.2 for regression analysis, SAS
Institute, Cary, North Carolina, U.S.) was used for
all statistical analyses. Two-sided p values were
calculated, with p <0.05 as the cut off point for
statistical significance.

RESULTS

The mean interval between the baseline and
second survey, i.e, the average observation peri-
od, was 4.0 years. Characteristics of the subjects
in our cohort are summarized in Table 1. Mean
(standard deviation (SD)) age at the time of base-
line survey was 62.8 (9.9) years for men and 67.0
(9.0) years for women. Mean (SD) annual percent-
age change in BMD measured at the femoral neck
was —0.38% (1.49) for men and -1.14% (1.95) for
women. The numbers of subjects who were taking
main medications are shown by sex and groups
(No, Stop, New, and Continuing) in Table 2. In our
cohort, 35% of all subjects used one or more anti-
hypertensive drugs.

Table 3 contains the estimated regression coef-
ficients of the final full model with non-significant
terms removed. In this model, after the adjust-
ment for sex, age, change of weight, smoking sta-
tus, and alechol consumption, we found that the
BMD at the femoral neck annually decreased by
0.61% of the baseline on average among the con-
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tinuing users of ACE inhibitors compared with
the non-users (p = 0.002), and by 0.40% among
the continuing users of BZDs compared with the
non-users (p = 0.034). It should be noted that dia-
stolic blood pressure and CCB intake did not show
a significant association with annual percentage
change in femoral neck BMD (p=0.113, p = 0.199,
respectively) in the multivariate regression model.
There were few differences in sex, age, BMD, blood
pressure, and other measurements between CCB
users and ACE inhibitor users. It should be noted
that 44% of ACE inhibitor users also used CCB.
On the other hand, 18% of CCB users concurrent-
ly used ACE inhibitor.

Since BMD generally changes differently
between men and women, it seems more appro-
priate to fit the models separately for the two sex
groups. The results tell us that, while no signifi-
cant association was found between use of any
drug and BMD change for men, there was a signif-
icant association for women (Table 4). The aver-
age BMD at the femoral neck annually decreased
by 0.74% of the baseline among the continuing
female users of ACE inhibitors compared with
those women who never used them (p=0.002),
after the adjustment for age, change of weight,
smoking status, and alcohol consumption. The
result also suggested that, among the continuing
female users of BZDs, BMD decreased by 0.45% of
the baseline per year on average compared with
non-users (p=0.058).

To validate the effect of ACE inhibitors, an anti-
hypertensive drug, on BMD change, we need to
analyse the data for female subjects diagnosed
with hypertension. In this cohort, the number
of females diagnosed with hypertension was 628
with the mean (SD) age 69.6 (8.6) years, among
which the users of ACE inhibiters were 133 with
mean age 70.4 (8.2) and the non-users were 495
with mean age 69.3 (8.7). Since the age distribu-
tions of these two groups show no major discrep-
ancy, age is unlikely to be a confounder. In this
linear regression analysis, BMD at the femoral
neck appeared to decrease on average by 0.86%
of the baseline per year among the continuing
female users of ACE inhibitors in comparison with
those who never took them, after adjustments
were made for age and change of weight (Table
5). Interestingly, both systolic blood pressure and
diastolic blood pressure did not exhibit a signifi-
cant association with BMD change among hyper-
tensive women.

It was suspected, in the case of users of BZDs
and ACE inhibitors, that physical activities would
be low, and there was an observable association
between drug use and bone loss. Although we did
not have data about physical activities in subjects
at baseline, we did have data for the next exami-
nation cycle (1996-1997), when we interviewed
subjects about whether they could go out alone,
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Table 1. Characteristics of Study Subjects

Sex Men Women
Subjects, number 703 1408
At the Time of Baseline Survey:
Age, mean (SD), years 62.8(9.9 67.0(9.0)
40-49 years, % 14.8 3.5
50-59 years, % 17.6 14.2
60-69 years, % 48.7 44.9
70-79 years, % 122 28.2
80 years or over, % 6.8 9.2
Femoral neck BMD, mean (SD), g/lem? 0.736 (0.115) 0.610 (0.100)
Height, mean (SD), cm 163.4 (6.2) 149.9 (5.8)
Body weight, mean (SD), kg 60.8 (9.0) 52.1(8.8)
Body mass index, mean (SD), kg/m* 22729 23.2(3.6)
Systolic blood pressure, mean (SD), mm Hg 132.5 (20.9) 132.8(11.1)
Diastolic blood pressure, mean (SD), mm Hg 80.0(12.2) 77.2(11.8)
Non drinker, % 19.3 713
Current drinker, % 734 273
Exit drinker, % 7.3 1.4
Non smoker, % 17.0 86.9
Current smoker, % 50.2 9.7
Exit smoker, % 32.8 3.4
Hypertension, % 46.9 44.6
Diabetes mellitus, % 16.2 11.0
Cardiovascular disease, % 31.3 319
Coronary heart disease, % 5.3 6.9
Stroke, % 44 34
Caneer, % 4.6 6.0
Years after menopause, mean (SD), years - 18.3(9.9)
At the Time of Second Survey:
Femoral neck BMD, mean (SD), g/em? 0.725 (0.123) 0.583 (0.107)
Body weight, mean (SD), kg 60.4 (9.1) 51.7(9.1)
Annual percentage change in femoral neck -0.38 (1.49) -1.14 (1.95)
BMD, mean (SD), %
Change of weight, mean (SD), kg -0.27 (2.6) -0.36 (2.7)
No, number; 8D, standard deviation; BMD, bone mineral density.
Table 2. Number of Subjects on Main Medications
Sex Men Women
Used drug No Stop New Cutinsing No  Stop New Continuing
Caleium channel blockade 515 19 88 81 998 23 203 184
Vitamin Dy 678 4 17 4 1112 39 165 92
Benzodinzepine 619 7 48 29 1178 31 129 70
m".::?"“ OUNVETHNG. SDEYINS: (gd0e 24 S0V 10 X918018 iYW 87
Calcium 670 120 12 9 1231 40 103 34
Vitamin Byg 651 7 31 14 1246 28 103 31
COX-2 selective NSAID* 676 6 18 3 1283 19 &6 20
Statin 679 2 14 8 1297 19 68 24
Beta-adrenergic antagonist 663 7 19 14 1326 14 41 27
Thiazide diuretics agent 690 3 4 6 1348 13 23 24
Vitamin Ka 699 0 4 0 1357 2 47 2

*COX-2 selective NSAID: cyclooxygenase-2-selective non-steroidal anti-inflammatory
drugs (etodolac, piroxicam, sulindac, and zaltoprofen were categorized in this group),
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Table 3. Multivariate Linear Regression with Adjustment
for Sex, Age, Change of Weight, Smoking Status, and

Aleohol Consumption
Annual Percen! 5
Change in Femi::fl m Stg:::_d p value
Neck BMD (R*=0.1039)
Sex* -0.682 0.122 <.001
Age (years) 0.120 0.044 006
Age-square -0.001 0.0003 001
Change of weight (kg) 0092 0.015 <.001
Alcohol consumption
(current-!nnn-dr;;nkerl g e 98
it il SR £ LT 005
Smokingstatns . a8 - pjs1 002
(eurrent-/non-smoker)
i’:jn"f_? Jrox o 0045 0073 535
Angiotensin converting
enzyme inhibitor use
Stop/No -0.583 0.280 037
New/No -0.143 0.160 374
Continuing/No -0.607 0,200 002
Benzodiazepine use
Stop/No 0.536 0.302 076
New/No 0.057 0.143 692
Continuing/No -0.395 0,186 034

*: Men=0 and women=1.

Table 4. Multivariate Linear Regression with Adjustment
for Age, Change of Weight, Smoking Status, and Alcohol

Consumption (Women)
Annual Percentage F
Change in Femoral ch fici m: Stgurf;rd p value
Neck BMD (R*=0.0756)
Age (years) 0.222 0.063 <001
Age-square -0.002 0.0005 <.001
Change of weight (kg) 0.094 0.019 <.001
Aleohol eonsumption
(current-/non-drinker) 0208 it 012
Aleohol consumption -
(ex-/non-drinker) 0468 290 065
Smoking status
( by el -0.343 0.178 054
Smoking status
(ex-/non-smoker) s peta i
Angiotensin converting
enzyme inhibitor use
Stop/No -0.443 0,472 348
New/No -0.136 0.191 482
Continuing/No -0.743 0.243 .002
Benzodiazepine use
Stop/No 0.303 0.365 406
New/No 0.065 0.179 716
Continuing/No  -0.449  0.236 058
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Table 5. Multivariate Linear Regression with Adjustment
for Age, and Change of Weight (Hypertensive Women)

Annual Percen f
Change in ﬁﬁ mec Ficient St;rni?ﬂ p value
Neck BMD (R*=0.1048)
Age (years) 0.235 0.104 024
Age-square -0.002 0.0007 010
Change of weight (kg) 0.166 0.030 <.001
Angiotensin converting
enzyme inhibitor use
Stop/No -0.517 0.538 337
New/No 0.074 0.256 72
Continuing/No -0.855 0.300 .005

Table 6. Multivarinte Linear Regression with Adjustment
for Sex, Age, Change of Weight, Smoking Status, and
Aleohol Consumption (Ambulatory subjects: N = 1932)

Annual Percen A
Change l:: Femtc:'ﬁ m Stgn:;rd p value
Neck BMD (R*=0.0978)
Sex* 0.716 0.121 <.001
Age (years) 0.159 0.045 001
Age-square -0.001 0.0003 <.001
Change of weight (kg) 0.073 0.015 <.001
(correnioinon-dmker) 0200 0082 030
&m:n“mg‘“’" 0270  0.120 025
(scr:::'::f-l:t:r::’ﬁoker) 2387 0:320 R
fe’;‘m‘f;;;‘z’r, 0023 0073 754
Angiotensin converting
enzyme inhibitor use
Stop/No 0653 0287 023
New/No -0.071 0.161 660
Continuing/No -0.554 0.202 006
Benzodiazepine use
Stop/No 0.349 0.308 257
New/No 0.149 0.143 300
Continuing/No -0.271 0.193 160

*: Men=0 and women=1
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or with a helper, or if it was impossible to go out.
Assuming that these data at 1996-1997 were so
similar that they could be substituted for physical
activities at 1994-1995, we examined the relation
between these data, drug use, and bone loss,

In this cohort, 1932 subjects answered that they
could go out alone, 56 subjects needed helpers,
16 subjects found it impossible to go out, and 107
subjects did not answer. We did not find the rela-
tion between bone loss and these categories. We
then analysed the procedure described previously
concerning subjects who could go out alone (Table
6). It should be noted that BZD intake did not
show a significant association with annual per-
centage change in femoral neck BMD (regression
coefficient of continuing/no (p value); -0.271 (p =
0.160)) in the multivariate regression model.

DISCUSSION

The main purpose of the present study was to
investigate the associations between BMD change
and the use of several drugs in a cohort of 2,111
Japanese subjects who underwent one baseline
measurement and one follow-up measurement
(4 year later) of BMD. This study was motivated
by the fact that, while most earlier studies inves-
tigating factors associated with BMD change
have been for populations in the United States
and Europe, few were found for other popula-
tions including the Japanese. Although this is a
retrospective study, the result suggests that loss
of BMD at the femoral neck might be attributed
to ACE inhibitor and BZD intake among older
Japanese. Other factors that appeared to be asso-
ciated with BMD change were sex, age, change of
weight, alcohol consumption, and smoking status.

Among those medications that might have an
effect on BMD, some drugs such as glucocorticoids,
thyroid hormones, estrogens, thiazide diuretics,
and vitamin K: were not commonly prescribed
in Japan at the time of survey, and thus we were
unable to examine their associations with BMD
change due to the small sample sizes. Although
intake of statins, f-blockers, COX-2-gelective
NSAIDs, or vitamin B,z was occasionally observed
in our cohort, no significant association was found
for any of these drugs with BMD change. Vitamin
D; and calcium supplements were frequently used
in our cohort but did not show significant asso-
ciations with BMD change, This is in agreement
with some earlier studies that report that these
drugs are effective not to increase but rather to
maintain BMD2'%),

There are some papers indicating that women
diagnosed with hypertension express low BMD
compared with normotensive women*%' In pre-
clinical studies, there is some discussion about a
possibility of the rennin-angiotensin system (RAS)
being associated with regulation of bone resorp-
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tion. Hagiwara et al. reported that angiotensin II
controlled differentiation of bone blast cells, and
consequently bone formation was contained!.
Hatton et al demonstrated that angiotensin II
might be a stimulator of osteoclastic bone resorp-
tion',

The synthetic pathway of angiotensin II, which
was well known in terms of high blood pressure,
is called RAS. Angiotensinogen, which is secret-
ed from the liver and used for the formation of
angiotensin II, is converted to angiotensin I by
renin secreted from the kidney. Angiotensin I is
then converted to angiotensin II by angiotensin-
converting enzyme (ACE). Angiotensin II is the
major bioactive product of RAS. Angiotensin II
has a variety of effects on the body, As with most
other capillary beds in the body, constriction of
efferent arterioles increases arterioler resistance,
raising systemic arterial blood pressure and
decreasing blood flow. Angiotensin 11 promotes
secretion of aldosterone, which causes blood ves-
sel contraction through specific receptors of the
organism, and promotes maintenance of Na-level
and discharge of K.

ACE acts not only on RAS but also simultane-
ously on the bradykinin system (BKS), and stimu-
lates degradation of bradykinin (BK), converting
it into an inactive substance. Therefore, ACE
inhibitors also work on BKS, and maintain BK as
high concentrations; at the same time, they work
on RAS and suppress generation of angiotensin I1.
As mentioned above, although angiotensin I1 con-
trols differentiation of bone blast cells, and bone
formation is controlled as a result, some papers
have reported that BK also stimulated bone
resorption and reduced BMD'*1920  From such
reports, we consider that use of ACE inhibitors
may increase BMD through reduced concentration
of angiotensin [I. On the other hand, BMD may
be decreased through increased BK concentration.

Recently, in an experiment using rats, one group
reported that angiotensin receptor blocker (ARB)
restrained bone resorption®, although ARB was
designed as an antihypertensive drug without
BK effect. The above results, however, seem to be
consistent with the interpretation that use of ACE
inhibitors may increase BMD through reduced
concentration of angiotensin II, and may decrease
BMD because of increased BK concentration on
the other hand.

Another paper reported that ACE inhibi-
tors might have possible benefits in treating not
only hypertension but also osteoporosis among
older Chinese®V, A cross-sectional study of 3,887
Chinese men (n = 1958) and women (n = 1929),
aged 65 years and over, was used to explore the
association between ACE inhibitor use and BMD.
The study consisted of a comparison of BMDs
between users and nonusers of ACE inhibitors.
However, mean weight in users was heavier than
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that in nonusers. Also the rates of concomitant
administration of ACE inhibitor, thiazide and statin
were higher than those in nonusers. Although these
effective factors were adjusted in multiple linear
regression analysis, weight, thiazide and statin use
have strong effects on BMD®®. The existence of
bias might be suspected. Furthermore, the use
of antihypertensive medications in China was
different from that in Japan. Women and men
were more frequently prescribed beta-blockers
and calcium supplements in China than patients
in Japan. But women were less frequently pre-
scribed ACE inhibitors and CCB in China than
women in Japan, We would like to know the dura-
tion of antihypertensive treatment use there.

Additionally, one paper demonstrated that
treatment with beta-blockers, ACE inhibitors, and
CCBs was associated with reduced fracture risk?’,
That research represented the results of a large,
nationwide, population-based pharmaco-epide-
miological case-control study. The study subjects
consisted of 124,655 cases that had experienced
a fracture and 373,962 age- and gender-matched
controls. The study found that treatment with
ACE inhibitors was associated with reduced frac-
ture risk. But the category of ACE inhibitors in
the study also included ARBs. The mean age of
cases was 43 years. The cases included hip frac-
tures, forearm fractures, and spinal fractures.
The cases tended to have a higher frequency of co-
morbidity. As no information on patients’ compli-
ance was available in the study, a prescription was
used as a proxy for actual use of a drug. In addi-
tion, adjustment for differences in body weight
was not possible.

Other than these papers, few have reported
on the relationship between ACE inhibitor use
and osteoporosis incidence. The actual mecha-
nism behind ACE-inhibitor effects on BMD is not
entirely understood, but we assume that use of
ACE inhibitors decreases angiotensin II, result-
ing in increased BMD, and increases BK, result-
ing in decreased BMD. In our human observation
study, however, we were only able to observe
decreased BMD. This suggests that the effect of
BK is greater than that of angiotensin Il on BMD
at the femoral neck in Japanese elderly. By con-
trast, angiotensin Il may have a greater effect
on BMD than BK in Chinese elderly. We do not
know, however, whether the different results are
due to race, differences in medication, differences
of acting sites such as osteoblasts or osteoclasts,
or other factors.

These considerations do not contradict the
report that ARB increased BMD in Japanese. In
the future, we would like to investigate the use
of ARBs and consider the association of such use
with BMD in our cohort.

ACE inhibitors and CCBs were the two most
frequently used antihypertensive drugs in our
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cohort. Each of them appeared to be significantly
associated with bone loss in the univariate linear
regression adjusted for sex, age, change of weight,
smoking status, and alcohol consumption. This
observation made us suspect that antihyperten-
sive drug rather than hypertension** might
affects on BMD. The direct effect of hypertension
on BMD, adjusted for possible effects of antihy-
pertensive drugs, could be examined by comparing
two groups of hypertensive and non-hypertensive
subjects with equal drug use histories. However,
this was impossible in this study because those
antihypertensive drugs were used only by hyper-
tensive subjects. We, therefore, examined the
effect of ACE inhibitors on BMD among hyper-
tensive subjects. In this analysis, a significant
association was still found to exist between ACE
inhibitor intake and loss of BMD, which indicates
that use of ACE inhibitors might tend to acceler-
ate bone loss among hypertensive women.

ARBs are now the first choice among medicines
for about half of hypertension patients in Japan®',
This is because ARBs have the same antihyper-
tensive effects as ACE inhibitors and fewer side
effects. However, the effects of ARBs on myocar-
dial infarction are considered to be less serious
than those of ACE inhibitors'®, ACE inhibitors
are still making clinical contributions. Other than
the above reports, few papers have been published
about the association between human BMD and
ACE inhibitors. We therefore eagerly await elu-
cidation of the specific roles that angiotensins and
ACE inhibitors play in bone metabolism.

The effect of BZD intake, which appeared to be
associated with BMD change in this study, may
not be direct, since BZD users tend to have lower
physical activities?”, which likely leads to larger
decreases in BMD through the confounding effect
of the physical activity. It would be possible to
assess more accurately the direct effect of BZDs
on BMD if the physical activity data were avail-
able for each individual. As we did not have the
data for physical activity at baseline, we had no
alternative but to assess that for 1996-1997. It
should be noted that BZD intake did not show
a significant association with annual percent-
age change in femoral neck with the adjustment
for physical activity in 1996-1997. On the other
hand, after the adjustment for physical activity in
1996-1997, there were still negative associations
between ACE inhibitor use and BMD change.
Our cohort consisted of outpatients, and therefore
patients with severe cardiovascular diseases were
excluded.

Our study had some obvious limitations. First,
we could examine only a few frequently prescribed
drugs in our cohort, and thus could not certify
the effects of other medications, such as estrogen
and glucocorticoid, which are more frequently
preseribed and known to have associations with



